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Qver the past severa years, | BMs Systemi390 | ar ge conput er operating
envi ronnent and ot her vendors’ largetraditional conputing environnents
have been t he focus of debate. Wiat rol e, if any, do they (and shoul d
they) have i nthe energi ng busi ness conputi ng envi ronnent of thelate
1990s? The debat e i s hi ghly parti san. Those who devel oped t hei r com
puting experience prior tothe 1980s arelikel ytofavor acontinuedrol e
for large conputers, whileothersfindlittleif any val uein continuing
their use. The debat e al so has becone hi ghl y enati onal , of ten f ocusi ng on
theterm“nai nfrange” torepresent all that i s undesirabl e about those
ear|y conputi ng envi ronnents. References tothe nai nfrane as a “di no-
saur” are used t o evoke i nages of atechnol ogy that is nolonger rel evant
tobusi ness, onethat bel ongstoanearlier age.

The notion of the “nai nfrang” was i ntroduced very early inthe his-
tory of conputingtodifferentiatethe prinary conputi ng system whi ch
supported the nost busi ness-critica applications, fromthose perforning
less critical functions. Theterminplied a conputer systemthat provi ded
the characteristics nost cruci al to busi ness operations, i ndependent of
vendor and t echnol ogy. As t hese conputi ng syst ens evol ved i nt o i ncr eas-
ingly | arge general - pur pose systens, they al so evad ved tovard central i zed
support by I nfornati on Systens organi zati ons wth the techni cal exper-
tiseto support and mai ntai nthemand t he software that ran onthem

As snal |, personal conputers evol ved i nt o pover ful, interconnected
vorkstati ons, nore and nore busi ness-critical applications vere supported
on di stri but ed networks of workstations fromdifferent vendors. Wth
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this change, the term“nai nfrang” becane associ at ed nore narrow y w th
thelarge central i zed aspect of its early definition Theconcept of bei ng
the pl at f ormprovi di ng busi ness-critical support was overl ooked.

Inthe context of theorigina intent, powerful Systenmt 370 and Sys-
t enh 390 processors conti nue t o provi de busi ness-critica “nai nfrane” en
vi ronnent s for nany busi nesses. Inthat sane context, it isa soaccurate
t o speak of networks and workstati ons as t he “nai nfrane” conputing
envi ronnent for a grow ng nuniber of busi nesses i nthe 1990s. For these
busi nesses, the nai nfrane envi ronnent i s anix of conputing el enent s
that range frompowerful workstations, interconnected onlocal area net-
vworks that areinturninterconnected through w de area networks, to
poverful centralized conput ers runni ng newand est abl i shed appl i cati ons
ontraditional operating systens.

It isinthiscontext that werespond froma busi ness perspectivetothe
questions rai sed speci fical |y about therol e of Systeni390 “nai nfranes.”
Shoul d these nai nfranes have arol einconputinginfrastructures of the
1990s? WI | they have arol e i n busi ness conputi ng envi ronnent s of the
1990s? Deci dedl y, yes! In 1994, | BMal one shi pped nore | arge conput er
pover (neasured innllions of instructions per second or MPS) thanit
hadinany prior year. 1n 1995, that record was eclipsed wth expect ed
shi pnent s of approxi nat el y 250, 000 MPS, an i ncrease of nore t han 50%
over 1994. Conput er vendors narketing | arge processors and st or age
devi ces conpatiblewthIBVIs are al sorecordingrecord sal es. Qearly,
busi ness denand f or a conput i ng t echnol ogy t hat has been | abel ed a “di -
nosaur” has not di mni shed.

Mich of thisincreasi ngdenandis driven by radical changes that have
been and are nowoccurringinthe way our gl obal soci ety functi ons. i -
entists have evol ved t hei r know edge base at unprecedented rat es; i ndus-
tria capacity has expl odedtothe point that far fewer resources are needed
tosatisfytheneeds of far norepeopl € financid institutions operateregu
larlyonag obal basis; andbusinessinstitutionsarenovingrapidy from
international operationstotruly g obal interactions. And nowthe basi c
unit of society, thefamly, isdynanically and directly influenced by the
sane factor that has supportedthe rapi d changes inthe rest of our soci -
et y—eonput i ng!

Begimninginthelatenineteenthand early tventieth centuries, ne-
chani cal inventionandinnovationlaidthe groundwork for el ectroni c com
puters. Fromthe 1940s to t he present, ongoi ng i nventi on and practi cal
applicationtransfornedthe conputingindustry fromacontributor to
sci ence and | arge busi ness to an essentia partici pant i nevery di nensi on
of latetvertieth-century life. It istheradica nature of these changes,
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changes that cut totheroot of every aspect of our society, that neritsthe
desi gnation of a NewAge. Inthe ndst of these changes, the Systeni390
nai nfrane i s findingthis NewAge very hospitabl e!

The extent of thetransitionthat has occurredis perhaps best repre-
sent ed by vi ews expressed by two figures central tothe begi nni ng and
current states of conputing. Inthe 1950s, as the potentia for conputi ng
becane apparent, Thonas J. Vdtson, S r., expressed hi s viewthat there
woul d be a need for no nore than a dozen or so | arge conput ers t o handl e
theworld s needs. In 1995, as Mcrosoft Gorp. |aunchedits Wndows 95
product, Bl Gates expressed hi s expectation of shi ppi ng over 100 ml -
lioncopiesof thesystemwthinthefirst several nonths. Each of the sys-
tens operating under Wndows 95 potenti al | y has nore power t han one
of T. J. Vit son' s | arge conputer systens built inthe 1950s.

More i nportant than the conpari son of today’ s conputi ng power
wthyesterday' s, however, isthe use of that power. Aready conputingis
pervasi ve. Shod s, busi nesses, andservices of al sizeshavee ther insta | ed
conput ers or are qui ckl y | ooki ng for ways i nwhi ch to gai n access to
them The hone i s the current target of the conmuni cationindustry.
Wiet her used for hone shoppi ng or pure entertai nnent, conputers w il
becone an even nor e doninant aspect of hone lifeinthe bal ance of this
decade. Technol ogy’ s ability tobringthe power of conputerstoindi vi du
a s has broadened denand and transforned t he i ndustry.

G ven the rapi d pace at whi ch conputi ng has pervaded each of our
lives, vhat isleft for thetwenty-first century? Atyone hol di ng the real
answer tothat questionisinpositiontobecone aworldleader. Because
weareonlyinthe beginning stages of this NewAge, it isvirtualyinpos-
sibetodetermneinwhat directionit wll lead It is apparent, honever,
that conputinginoneformor another wil continueto enabl e rapi d change.
Those changes, inturn, wll dermand flexi bl e and adapt abl e conput i ng
infrastructuresthat wll support your eva vi ng busi ness needs . Inthe conr
text of this evolving NewAge, thi s book has both ageneral and a specific
purpose. The general purposeistoexplorebrieflythe early days of com
putingandits early technol ogy. The specific purposeistol ook closely at
t he technol ogy used i nthe | arge conmerci al conput i ng envi ronnent, popu-
| ari zed by | BMas t he Syst end 360 ar chi t ect ure and known t oday as t he
Systent390 archi tecture.

It isparticularly appropriatetoreviewthe evol utionof IBMs § 390
conput i ng systens now inthe context of anindustry and technol ogy
that i s energing fromits adol escence and preparing for adul t hood. A
cruci a questionthat has been asked by nany i nthe conputi ngindustryis
vhet her this architecture cansurvivethetransitionperiod WIl §390
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provi de t he t echnol ogy t o neet busi ness conput i ng needs t hrough t he
rest of thetwentiethcentury andintothe tventy-first century? Vé answer
that questionwthafirmyes! Yes, becauseit addressesthe needfor | over
overal |l costs, vhi chdrives deci sionnakingacross al layers of business.
Yes, because the Systemi390 architecture sflexibility and adaptability,
al ready shown over four decades, delivers business benefits of acentral -
ized systemthat fitsintoadecentralized, architectural |y mxed, conput-
i ng envi ronnent .

If thereis asingl e byl awfor business conputinginthe NewAge, a
byl awthat affects boththe drivefor [ ower costs andthe drive for nore
businessval ug, it isthis: Infornati on, not technd ogy, sd ves busi ness proo-
lens. Inplicit inthat sinplestatenent aretwo broad i ssues drivingthe
conputi ngindustryingeneral and IBVIs Systemi390 inparticul ar: There
isadistinctionbetweendataandinfornation; it isinfornationthat nust
dri ve busi ness goal s and obj ecti ves. The derivative of this byl awi s that
technol ogy i s nolonger the naster, driving busi ness deci si on processes,
but i s the servant respond ngto busi ness needs.

Thefirst issue, distinguishingbetweendataandinfornation, isnow
drivi ng nuch of the busi ness and managenent change wi t hi n | nf or na-
tionSystens (19 organi zati ons. Seni or executi ves i n nany busi nesses fai |
toviewlSas astrategic asset because it does not provi de t he busi ness
infornationthey needinatinely fashion. |Sfocuses too closely on nan-
agi ng processes for gathering and storing data. Intoday’ s busi ness cli -
nate, creating, using, and nanagi ng i nfornation (derived frombut not
the sane as data) i s rapi dy beconing t he nuntber one i ssue for ensuring
busi ness grow h. Many of the t echnol ogy devel opnent s of the | ast de-
cade, inboth software applications andin hardware, are focused on en-
ablingthis nove fromdataorientati ontoinfornation.

The second i ssue, appl ying theinfornati onto your busi ness goal s,
takestheusedf infornationonestepfurther by nakingit availabletothe
appropri ate busi ness usersinaformthat they can conprehend. This drives
nuch of t he busi ness and process change reengi neeri ng t hr oughout busi -
ness functions. Many busi nesses vi ewnanagi ng t he fl owof i nfornati on
andthe fl owof cashasthetwo nost critica busi ness processes goinginto
thetwenty-first century. They are al sothe processes at the heart of the
debateontheval ue of largetraditi onal conputersin enablingthose pro-
0ESSES,

The evol ution of personal conputersto personal systens andthento
vor kgroup and depart nent al servers i s chal | engi ng t he 45-year-ol d premse
that centralized conputersisthe nost efficient formof busi ness conput -
i ng. Newt echnol ogi es focus on del i vering power toindividua s distrib-



XXi Vv

EXPLORING IBMS NEW AGE MAI NFRAMES

ut ed t hr oughout t he busi ness. Newsaf twar e appl i cati ons provi de desk-
t op pover for conputing operations that were once central |y nanaged by
the I/ Sbusi ness. Enoti on-char ged debat es fl are over the costs and val ues
associ atedwthcentrali zed or distributed conputi ng.

But as quickly asthe argunents flare, enotionistenperedwthreal -
izationthat thebusinessissues arefar toovariedtojustify any “either/or”
asver. Thisredizationhasledtoneweffartsat integratingnoi ti pl etech
nol ogi es, includingtraditional |arge conputer technol ogi es. As vendors
and end user s have becone nore awar e of the New Age byl aw-nf or na-
tion, not technol ogy, sol ves busi ness probl ens—ocus has noved from
debating the nerits of technol ogy to appl yi ng themina cost efficient
nanner t o neet busi ness needs—and t hus the ful | purpose of this book,
Expl ori ng | BM s New Age Mai nfranes.

The evol vi ng New Age of conput i ng pl aces newdenands on al | com
ponent s of conputi ng systens. Ferhaps the singl e greatest denand i s t hat
of “scalability,” allowngincrenental growththat neets busi ness needs
wenandvwherethey exist. Hstorically, scaabilitywas restrictedto grow
i ng conmput i ng systens by upgradi ng to | arger and nor e expensi ve cen-
trali zed processor nodel s that provi ded nore capaci ty t han needed. Today,
there are far nore options for i ndivi dual conputer systens and, nore
significantly, for tota business so utions. Vi have attenptedto hi ghli ght
these practical busi ness opti ons throughout our di scussion of the evol u-
tion aof Systent390.

Chapter 1 provi des an overvi ewof the busi ness i ssuestoexplorein
det ermini ng t he nost appropri at e conput i ng envi ronnent for your busi -
ness needs.

Chapter 2introduces Systemi390 by | ooking at its originand evol u-
tion. Vi introduce t he basi c t echnol ogy and busi ness concept s appl i cabl e
to Syst emi390 and present the | atest enhancenents that nakeit anattrac-
tive business sa utiongaingintothetventy-first century.

Chapter 3 detail sthecapabilities of today' s Systeni390 processar fam
ilyandthe benefits these conputers bringtoyour busi ness. V& expl ore
the historica evol utionof processors froman early enphasi s ontech-
nol ogy-dri venincrenental grow hto today' s enphasi s on technol ogy-
assi st ed busi ness support. Were grow h was once associ at ed w t h ex-
pandi ng the capaci ty of processors sothat |arger applications and | arger
aggregat i ons of applications coul d runoncentralized systens, today’ s
orovt h enphasi zes fl exi bi l ity and scal abi lity driven by broader busi ness
needs.

Chapt er 4 di scusses the peripheral s, includi ng channel s, that have
ener ged and ar e evol vi ng t o support the newprocessor strategy. V& in-
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cl ude a di scussi on of sone of t he newer technol ogi es i ncl udi ng S or age
SystemArchitecture (SSA) and Redundant Arrays of | ndependent O sks
(RAD.

Wiilenovinginthis newdirectionwthits hardware architecture,
| BVihas entor aced t he functional strategi es popul ar inthe conputingin-
dustry and i ncreasi ngl y asked for by busi ness users. These i ncl ude access
t 0 non- Syst e 390 ar chit ect ures, such as UN X and cont enporary appl i -
cat i on devel opnent envi ronnent s, such as obj ect - ori ent ed t echnol ogy.

Chapter 5introduces t hese newand enhanced sof t war e strat egi es by
expl oring both the appl i cati on sof tware envi ronnent and t he naj or oper -
ati ng syst emenvi ronnent s support ed by Systent390. V& i ntroduce | BM's
Qren H ueprint as aguidefor busi nessesthat wshtointegratetraditi ona
systens w t h newer di stri but ed syst ens.

I ntoday' s processi ng envi ronnent, the key energi ng t echnol ogi es for
scalingtota business conputingareinthefiel dof conmuni cations, whi ch
i ncl udes networks. SystemNetwork Architecture (S\Y) evol ved as the
neans of i nterconnecting | BVIs conputi ng i nfrastructures. Wthinthe past
decade, alternatives have evol ved provi di ng support for | ocal area net-
wor ks of personal conputers and wor kst ati ons and w de ar ea net wor ks
wthavariety of protoco s for distributingdataover dissinlar (heteroge
neous) technol ogi es. Chapter 6 expl ores the vari ety of network and com
nuni cational ternati ves avai l abl e for Systent390 and al so | ooks cl osel y at
the Network Services portionof IBVIs pen B ueprint, introduced i n Chap-
ter 5

Minagi ng theseinfrastructuresis our focusinChapter 7. Integrating
the proliferation of types of conputers, rang ngfromvery snal | personal
conput ers to very | arge busi ness and sci enti fi c conput ers, the | arge num
ber and types of peripheral s requiredto support very | arge busi ness com
puting envi ronnents, the diversity of applications and operating syst ens,
and t he geogr aphi ¢ expanse of networks i s atrenendousl y conpl ex un-
dertaking. But cost and ef fi ci ency pressures nakethisacritica need. In
Chapter 7 we expl ore | BM's SystenM ewsol ution for managi ng t he Sys-
tem 390 ent erpri se conpl ex. V& al so present ot her busi ness consi derati ons
to wei gh when you eval uat e t he Syst em 390 envi ronnent for neeting
your busi ness needs.

Because t hi s book focuses on t he nost recent additions tothe
Syst emd 390 processor fanly, we provi de an overvi ewof earlier nodel sin
t he Appendi x.

Systeni3%0isaiveandwel |. Today, it isoneof avery fewlarge com
put er operating environnents that both preserves i nvest nents nade by
busi nesses over the past forty years and posi ti ons busi nesses for reapi ng
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val ue over the next decade. It istheonlyonethat has successfullyinte
grateditsforty years of experiencewththelatest techno ogi es energi ng

inthe NewAge of conputing. It remai ns a driving forcein naki ng your
busi ness al |l that youwvart it to be.
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Gonput | ng Choi ces-What'’' s a
Busi ness To Do?

Qer the past several years, the publishing nedi a and i ndustry vendors
have rai sed nany i ssues rel at ed t o t he usef ul ness of |arge conputers. This
chapter [ays a groundwork for eval uati ng whi ch of those i ssues are fact ual
andwhicharenat. It discussestheintrospectionthat isacritica part of any
busi ness aut onat i on proj ect, providing asinpl e gui de for assessi ng conput -
i ng needs and sel ecting software. It al solooks at al ternative | BMconputi ng
pl atforns (the hardware architecture) avail abl e to support your busi ness
aicaioms.

Busi nesses t hat t oday use sone t ype of conput er systemto dotheir
work nust continual |y eval uat e whet her their current systens adequat el y
contributetotheir bottomline. Businesses that still use nanual net hods
nust ask whet her aut onati ng might i nprove that bottomline. Inboth
i nst ances, whet her your busi ness has i nvested ml i ons of dollarsincom
puter systens or noneat al, toproperly assess the contributionof conput -
ing requires that you set asi de conput er har dwar e and sof t ware i ssues and
| ook very cl osel y at your busi ness, its ol ectives, andits processes.

Thi s chapt er does not gui de you t hrough t hat busi ness assessnent
processindeta | (althoughit does g ve you sone factors toconsider). Rather,
it assunes that your businessis e ther acurrent user of 1BVIsS | arge systens
t echnol ogy (Systeni370 or Systeni390) or that you are ready to eval uateit
asanoptionfor your busi ness.
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Assessing Your Conputing Needs

Aninportant first stepinbringi ngaconputer i ntoyour busi ness environ
nent i s pl anni ng. Dependi ng | argel y on howwel | you pl an, introduci ng new
conput er resource(s) canbelike pouringwater or gasolineonafire. Mny
of you al ready have access to several conputers inyour busi ness and are
addi ng t o your conput er arsenal, and sone of you are bringi ng conputersin
for thefirst tine. Inether case theinfornationinthischapter wil hel pyou
under st and howt o i nt roduce conput ers i nto your particul ar envi ronnent.

Too of ten, busi nesses have first bought the conput er technol ogy and
then | ooked f or probl ens to sol ve. Qhers have set out toattack a specific
pr obl emi ndependent |y, which oftenresultsina“dead end’ conputer sol u-
tionthat provi des nocoherent grovihstrategy for thefuture. Incontrast, a
proper|y nanaged and targeted conput er project will start wthcareful con
siderationaof thecdlectiveneeds of functional areas wthinthe busi ness.

ne such need, highlightedin nid-1995 research, isthe needto
reduce the ti ne i nvol ved i n busi ness processes. Executives identifiedthese
key chal | enges t 0 busi ness success: the need t o reduce product i on cycl es
and the need to col | apse the overal | tineto narket. Two ot her busi ness
needs defined i nthe survey are havi ng access totinel y and conpr ehensi ve
i nfornationfor deci si on naki ng and bei ng abl e to adj ust the organi zationto
nmirror changi ng nar ket and operational conditi ons.

To achi eve t hese obj ecti ves, youw || want to structure your busi ness
for flexibilityandtodefineanegually flexi bl e conputer strategy. As busi-
ness needs and processes evol ve, the ability toadapt your conputer systens
Wil becritica tobusiness success. Hexibility and adaptability are cruci a
not only for the hardware conponent s of a systembut al so for the appl i ca-
tion software. The application nust be abl e t 0 accommodat e your
conpany’ s uni que busi ness requi renent s yet be easy to configure and i npl e-
nent . Accordingtothe survey, these characteristics—acconmodati on and
ease of configuration and inpl enent ati on—are even nore i nportant than
speed of inpl enentati on, cost of the system newness of t he technol ogy, or
acqui ri ng whol e sol uti ons froma si ngl e vendor. As t hese busi ness needs
have ener ged, conputi ng vendors have adapt ed t hei r product s and pr o-
cesses to respond.

Akey feature of today' s infornationtechnol ogy narket is delivery
speed. nputi ng-rel ated product cycl es have decreased from3to 5 years
to 6to 18 nont hs; newsystens are del i vered to custoners i n days rat her
than nont hs af ter ordering; price/ perfornance benefits are inproving
anual lya araed 30to40percent, rather thanthehistorica level of 10to
15 percent. Today' s products are designedfor flexibility, a |l owng products
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frommul tipl e vendors tointeract. Qosed architectures and requi renents
for purchasingtota sd utions fromsingl e vendors are excepti ons rat her than
therul e Applicationsandel enents of conputing sol utions areincreasingly
portabl e acrass nul ti pl e vendors’ products. I ndustry standards for bot h hard-
war e and sof tware are qui ckl y repl aci ng st andar ds i nposed by one or a few
vendors. As wth your busi nesses, conputing vendors are denonstrati ng
that the advant age bel ongs t o conpani es that are qui ck and fl exi bl e and abl e
to bri ng newproduct s to narket quickly.

Fromthe very start of your conputing assessnent, key peopl e from
all areas of the business nust work as aproject team Snceall areas are
likelytobeinvol vedinthe conputi ng sol ution, thetop nanagenent of the
busi ness nust consi stent|y denonstrat e a coomtnent tothe project. Wth-
out top nanagenent i nvol venent, di sagreenents anong t he peer busi ness
areas areresol ved sl oWy and the sense of priorityis dimnished, | eading
utintelytofalureof theprgect. Thecost of aconputer project failureis
nuch hi gher thanthe cost of doingit right inthefirst place. I nsone busi-
nesses, |eadershipof theproject isgiventothe Infornati on Systens group.
Incthers, ad fferent organi zationnight takethel eadershiprae. Thefocus,
ine ther case, nust be on servingthe needs of the busi ness, not onbuil ding
astate-of-the-art technd ogy.

The proj ect teamshoul d start by review ngthe overal | goal s of the
busi ness (or segnent of alarger business) for the next fewyears. | nsone
cases, thesegoalswll bewe | know;, inothers, agreat dea of soul -search
i ng nay be necessary. These goal s shoul d be as speci fi ¢ as possi bl e and shoul d
incl ude busi ness strategi es al ready inplaceto achi eve the godl s.

Ater the busi ness’ s goal s are cl earl y defi ned, your prg ect teamshoul d
ook cl osel y at the current day-to-day operations of the businessasit is.
@onsi der the novenent of i nfornati onthroughthe entire business. Lhder-
stand the i nteracti on between t he vari ous areas of t he busi ness, fromone
groupto another, as youtracethe activities. Qnly after t eamneniers
under stand the i nfornati on fl owcan t hey candi d y di scuss whi ch processes
vor k wel | and whi ch need i nprovi ng. Vérk t o renove t he sour ces of prob-
lens, rather thanto sinply al | evi at e synpt ons. Chances are that not every
probl emyou uncover needs a conput er sol ution. For exanpl e, aninventory
nmanagenent appl i cati on programnay not sol ve i nventory probl ens in a
busi ness i f accesstothe storeroomis unrestricted. Gonputers and appl i ca-
tionprograns are tool s for nanagi ng your busi ness; they are not the nan-
agers of your busi ness.

nce you have examined your current operationwthacritica eye,
youw || beginto seewhat type of conputer sol ution, if any, nakes sense for
your business. Inasnal | business, thistype of analysis canbe completedin
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anatter of weeks or evendays. Wthlarger busi nesses, it nay requi re nont hs
or evenyears, andis typically done on an ongoi ng basi s. Sone busi nesses
choosetodothe ana ysis onthei r own. Those that need assi stance i n sal ving
probl ens wth conputers find pl enty of placestoturn, includingconsult-
ants, software conpani es, and conput er nanuf act urers.

I nsummary, the project group woul d do wel | to entorace the fol | ow
i ng gui del i nes, whi ch al so serve as conti nui ng gui del i nes for the | Sgroup.

» Qeate val ue- added busi ness change. Do not si npl y support ways
of doi ng busi ness. Hel p your users to envi si on newways of doi ng
ther jads.

e Bnsurethat the conputingtasks are donewel |, not necessarily wth
thelatest technol ogy. Hnd out where users are experiencing diffi-
cutiesanda leviatethem

* Poduceaneffectiveand efficient infrastructure, not applications
or infornationsystens. Buildasupport structure of processes and
i nfornmationthat enabl es you to provi de busi ness val ue when and
whereit i s needed.

* Inplenent newtechnol ogi es that create busi ness opportunity, rather
than nerel y i nprove | evel s of aut onati on. Usi ng t op nanagenent’ s
vi si on and your under st andi ng of t he busi ness, desi gn syst ens t hat
aeextensibeandflexibl e

»  Shape your technol ogy pl at formt o support the type of busi ness you
vant to becone. Identify all current and f ut ure st akehol ders and
consi der howyour i nfornation sol uti ons mght benefit each of them

Choosing the Software

Qonput er syst ens becone a usef ul tool only when they are executingthe
appropriate applicationprograns. Athoughthere are nany strategies for
i ntroduci ng conput ers, consi deri ng your users needs general |y | eads to con
si dering softvare appl i cati ons bef ore sel ecting det ai | ed har dware confi gura
tions. The hardware requi renents, such as processor unit nodel , central
storage si ze, disk storage space, andsoon, wll bebased, inpart, onthe
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needs of the application prograngs) sel ected. Qnly after you defi ne your
appl i cation prograngs) can you det er ni ne whet her you can si npl y add a
newappl i cati on programt o an exi sting conput er system nust sel ect an
addi tional systemof the sanetype as exi sting systens, or nust install anew
type of systemon whi ch to execute a speci fic application.

Thisis particularly truetoday, wen newapplicationtechnol ogi es
(i ncl udi ng newuser interfaces to conputing syst ens) and newappl i cation
areas are bei ngexpl ored. Qi ent/server technd og es (i nvhi chthe user’ s por-
tionof asystem theclient, depends on resources and dat a nade avai | abl e
fromother parts of the system the server) have opened up graphi cal and
i nfornat i on-sharing capabilitiesthat dranatical |y change howan appl i ca-
tionlooks tothe user and howit connectsto (interfaceswth) thetotal
system Topi csthat refl ect these changes toapplicati ons i ncl ude oy ect-ori -
ent ed t echnol ogi es and dat a war ehousi ng ar chi t ect ures (di scussed i n Ghap-
ter 5). Qher energi ngarchitectures, just begi nningtoinfl uence busi ness
operations, include nul ti nedi a (the conbi nation of inages, sound, and text
to create hi gh-i npact comnmuni cations) and “spread spectrumi comuni -
cations (scatteringdigital infornationinarandompeattern using very | ow
pover signal s), believedto be nore secure and nore i nmune to i nt erference
thantradi ti onal transnissi on.

The appl i cati on prograns you sel ect nust performt he t asks your end
users need, bothtoday andinthe foreseeabl e future. Chapter 5 di scusses
sone basi ¢ types of application prograns conmonl y used t oday. Sel ecting
the basi c type of applicationprogramis oftenfairly sinple. For exanpl e, an
accounti ng depart nent needs an account i ng appl i cati on program a secre-
tary needs a wor d- processi ng appl i cati on program an engi neer needs a
conput er-ai ded desi gnappli cationprogram Wt isnoredifficult isidenti-
fyingthe specific applicationprogramthat best fitsyour particul ar needs. |s
a cust omappl i cation programpreferred, or wll aprewittenapplication
programbe acceptabl €? | f aprewittenapplication programi s desired, whi ch
oneis best for your needs? | f a cust omappl i cati on programis desired, who
shouldwiteit andwhat shoul dit include? The answers to t hese questi ons
depend | argel y on t he speci fi cs of your envi ronnent .

Afewbasi cs renai n t he sane, whet her you are sel ecting a program
for amitinational corporationor for aloca fishnarket. Frst of al, you
nust under st and preci sel y the task you are trying t o aut onat e bef ore you
pur sue appl i cation programal ternati ves. At horough know edge of t he t ask
aditsoyectiveswll he pyoutoidentifyspecificcriteriathat your ol i ca
tion programnust neet. After you obtai na detail ed understandi ng of the
task, you canbeginasearchthroughthe seaof prewittenor “of f-the-shel f”
applicationprograns. If youcanfindaprewitten application programt hat

5
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fitsyour needs, you canavoi dthe expense, del ay, andeffort associ atedwth
cust omappl i cat i on programdevel opnent. Good prewritten application pro-
grans canbe quite fl exi bl e and can of ten be nodi fi ed t o neet speci fi c needs
that arise. S nce everyone has different needs and net hods, evenwthina
gi ven busi ness function, prewittenapplicationsarelikelytoinclude sone
features that you do not need and to | ack sone feat ures that you do need.
Today, vendars increasi ngly package rel ated functionsin“suites” of applica
tions, enabli ngyouto purchase only those el enent's that your busi ness needs.

Ther e are nany sour ces of i nfornation about prewitten application
prograns on t he narket. Software vendors and consul tant s can hel p you
sel ect particular applicationprograns tofit your needs. Deta processi ng or
i ndust ry-speci fi ¢ nagazi nes of ten revi ewand adverti se prewitten appli ca-
tion prograns. These can be excel | ent and ti nel y sources of i nfornati on.

For specific or speciaized needs, prewittenapplication prograns nay
not be adequate. Inthis case, customdevel oped software nay be requi red.
A t hough devel opi ng and nai nt ai ni ng customsoftware i s along-termcom
mtnent that istypicallyexpensive, it isoftenlesscostlyinthelongrunto
pay for customsoftwarethantosettlefor aprewitten application program
that does not dothejob. If you do sel ect the customsoftware route, an
inportant stepistoselect the proper devel oper. Grgani zati ons that have
their own progranming staff can do their own cust omappl i cation program
devel opnent . Bven t he nost ast ut e dat a- processi ng busi ness, however, can
finditsel f chal | engedto keep up wth syst ens nanagenent, application pro-
gramnai nt enance, and cust omappl i cation devel opnent activities. It is not
unusual tofindthat your data-processi ng organi zationis backed upwth 2
years of customappl i cati on devel opnent wor k.

Newappl i cat i on devel opnent tool s, rangi ng fromnor e user-ori ent ed
fourth-generati on | anguages t o t he evol vi ng obj ect - ori ent ed devel opnent
t echnol ogy, are beconing nore preval ent. Designedtoincrease application
flexibilityandportability, they broadenthe opti ons avai l abl e to your busi -
ness. For the busi ness using | BIs Syst emi 390 as a devel opnent syst em
QoenEdition M/S(Miltiple Virtual Systens) and VM ESA QpenEdi ti on
operating systens, support for the obj ect-ori ent ed devel opnent envi ronnent ,
and t he recent |y announced PQ Server 500 Syst eni 390 conput i ng syst em
provi de naj or i nprovenent s t o devel opi ng and supporti ng busi ness appl i -
catios.

I f you do not have your own cust omappl i cati on programdevel op-
nent staff available, youw !l needto hire anoutsidefirm Wether the
devel opnent teamisinhouseor ahiredfirm it hasthelargest effect onthe
ultinatesuccessor failureof theactivity. The devel oper’ sjadbis not an easy
one. Besi des havi ng experti seinapplication programdesi gn, devel opers nust
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becone expertsinall aspects of the business’'s activities, right dontoevery
step perforned. They nust be good conmuni cat or s t o under st and and di s-
cuss users’ requirenents. They nust under st and hunman psychol ogy when
definingthe user interfacefor the program They nust betal entedtechni ca
witerstofully docunent the application programinauseful way. They
nust be proficient teacherstotrainthe users onthe newprogram Fnal ly,
they nust be dependabl e and rel i abl e so that you knowthey wll bethereto
provi detechni ca support, softvare nai ntenance, and any needed nadi fi ca tions.

Choosing the Platform

Wien | ooki ng for ways t o neet conputi ng needs, you are faced wth a seem
inglyend ess series of alternatives. Bsforewe get i nto howto sel ect plat-
forns toneet your needs, wew | glance at sone ot her pl atf or mi ssues and
dternaives.

The conput i ng power of today’ s snal | er conput ers (personal com
puters, workstations, and nini conputers) isinpressive. Bientoday' s snal | -
est personal conputers costing under $1, 000 have nor e conputi hg power
thanthe traditional conputers of the 1960s. A though t he processi ng speed
and capaci ty of snal | er conputers have gone up, their prices (particul arly
neasured interns of the priceyoupay for aunit of perfornance, referred
to as pricel perfornance) have gone down. As snal | er conput er s appr oach
the capacities of the o der processorsstill inuse, itisonlynatura for a
busi ness usi ng the ol der processors to consi der nigratingtothe newer sys-
tens asanalternativetoupgradingto newer nodel s of traditional proces-
sors. Mvi ng an appl i cation or your busi ness operations fromacentral i zed
processor to asnal | er conputer or network of snal | er conputers, often
cal led downsizing, isdscussedinnoredetail later.

The current trend t oward downsi zi ng has put into a newlight such
questions as “Are nai nfrane conputers still neededintoday’ s conputing
envi ronnent ?” and “Shoul d | migrate ny application prograns fromour
nai nfrane to one or nore snal | er conput ers?” Wsi ng a broad defi ni ti on of
nai nfranes that i ncl udes di stri but ed net works and vor kst at i ons, the ques-
tions are nore appropriatel y franed as “Shoul d | keep ny conput er oper a-
tions centralized?” and “Shoul d | distribute ny conputing resourcesina
decentral i zed nanner w th appl i cations runni ng on specific snal l er plat-
forns?’ The answers to these questi ons depend | argel y on your parti cul ar
busi ness envi ronnent and on whomyou ask.
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Inthe bal ance of this book, weuse centralized conputer (or conput -
ingsystem torefer torel atively cl osed systens i nwhi chthe users and the
conput i ng resour ces are geogr aphi cal |y very cl ose to one anot her. The
resour ces the user needs to conpl et e t he appl i cati on processi ng ar e gener -
alyavailabledrectlyfromthe conputer towhichthe user i s connect ed.
Minagi ngthe resources inthis environnent is, by definition, central ized.
¢ use decentralized (or distributed) computers or conputingtorefer to
conput i ng systens i n whi ch the users and the resources they require are
virtua ly unrestrictedind stance fromone anct her. Minagi ng t hese resour ces,
hovwever, canbelocal totheresource (that isdistributed) or renote (nan-
aged fromone central |ocation). Both centralized and decentral i zed con-
figurations can neet the definitionof “nai nfrane” givenearlier, and
Systeni3%0 plays asignificant roeinboth

Akey concept that has evol ved with the noti on of decentral i zed com
putingisthat of client/server. For oneor nore busi ness applications, if you
repl ace acentral i zed conputer with a network of snal | er conputers, you
quicklywll findaneedfor oneor nore  servers. Aserver is asing ecom
puter that provi des sone resour ce (such as data, applicationprograns, stor-
age devi ces, printers, or communi cations |inks) toother conputersinthe
network. The term super server i s commonl y used to descri be a server
capabl e of providing agreat anount of sone resourceto anetwork or net-
works of snal | er conputers. The ot her conput ers nay al so be servers, pro-
vidingresourcestoend users, or clients, conputers that depend onthe
resour ces provi ded by t he server to conpl ete their applicati on processi ng.
As the network of smal | er conput ers grows, so do the conputi ng power and
capaci ty requi renent s pl aced onthe server(s).

S vhat keepsthetraditional centralized conputer fromoperating as
a super server? Fomatechnol ogy perspective, today' s answer i s “nothing.”
Thetraditional centralized conputing envi ronnent i ncl uded one | ar ge com
puter and a cl uster of termnal s wth no conputing power of their own.
Athoughtoday stypica centralized environnent still canusethe sane type
of termnal s, users wth personal conputers and workstati ons i ncreasi ngly
interact directlywthcentralized conputers. Theloca processi ng pover of
the personal conputer or workstationis oftenusedtocreate aneasier inter-
facetothe application prograns, to process infornati on sent down from
thecentral conputer, or tosendprint filestotheprinters attachedtothe
central conputer. Inthissense thetraditional centralizedconputer isacting
asaserver inanetwork. Mresignificantly, recent i nprovengnts in proces-
sars, peripheras, networks, operating systens, andapplications aredirected
tovardintegratingthe power of traditional centralized conputersintothe
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user-friendy client/server envi ronnent of distributed conputi ng (soneti nes
referredto as cooperati ve processi ng). Those are the topi ¢s di scussed i n de-
tail intherenai nder of thi s book.

Sothecritical business-driven questions becone “ Wi ch conput er
architectureis best for ny particul ar conputi ng needs?” and “Hwecan |
get there fromwhere | an?” These are t he questi ons you shoul d ask when
| ooki ng t o save cost's and to i nprove t he busi ness effi ci ency of today' s com
puting technol ogy. However, these are not easy questions to answer. The
fol | ow ng secti ons provi de a fewconcept s and conpari sons for you t o con-
Sd.

Downsi zi ng/ Ri ght si zi ng

Reduci ng operati ng expenses i s not a newbusi ness chal | enge. As conputi ng
has becone deepl y i ntegrat ed i nt o busi ness processes, i nfornati on system
budget s have i ncreased. The greater the budget for | Srel at ed expenses, the
norethey are scrutinized, andrightly so. The i ncreasi ng conpetitive pres-
sures foundinal nost al| areas of busi ness today, together wth advances in
conput er har dwar e and sof t war e t echnol ogy, present newal ternatives to
consi der for cost savi ngs.
The terns downsi zi ng and ri ghtsi zi ng are commonl y used today i n

di scussions rel ated toreduci ng costs i nthe conput er area. Hwever, these
terns seemto get nixed up or usedinterchangeably. Inreaity, dowsizing
deal s wth the economic pressures that exist intoday' s environnent by sug-
gesting that placing applications onsnaller conputi ng pl at forns reduces
expenses and enabl es busi nesses to renai n conpetitive. R ghtsizi ng addr esses
the i ssue by suggesting that the appropri at e har dwar e and sof t var e conf i gu-
rations for neetingthe needs of abusi ness applicationwll vary. Rghtsizing
nay resul t indownsi zing or nay actual |y result in“upsizing.” A though
downsi zing i s general |y vi ened fromt he per specti ve of an application or
group of users, the perspectivefor rightsizing dependsonthecriteriathat
arenost i nportant tothe business. Severa business strateg es drivethe need

forigtsizing

+ (onsolidate data centers. Just novi ng your conputers intothe sane
physica facility coul dprovide efficiencies of admnistration, | oner
personnel costs, andrents. Atypical consequence of this type of
consol i dati on, however, istheneedfor afewvery | arge conputers
rather than several nid-si ze conput ers.
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* (onsol i dat e applications onto fewer conputer systens. (This nay
be al arger systemtaki ng onthe work of two or nore ot her sys-
tens.) Brenthoughit nay bealarger system it coul dstill be con
sidered financial downsi zi ng. Al arger systemnay cost | ess, interns
of software and operations, than several separate systens. (Svera
Systemt390facilities, discussedinCapter 3, are desi gned t o nake
thistypeof consdidaionpracticd.)

e Shift workl oads to snal | er, networked conput er systens. \Wereas
thefirst two “downsi zi ng” scenarios refer tonakingthetotal cost
of conputer owner shi p nore cost efficient, this scenarioprovides a
cost-efficient soutionfor oneor nore appl i cati ons supporti ng por-
tions of abusiness.

Mvi ng froml arge central i zed conputers to snal | er conputers i s probably
thefirst thingthat comes to nmndwhenthe word “downsi zi ng” is used. The
conput er trade press has beenfull of articles predictingthe death of the
nai nf rane (neani ng the l arge central conput er envi ronnent). They ar gued
that MPS(nillioninstructions per second, aneasure of conputi ng pover)
vere far | ess expensi ve on snal | systens thanonlarge. Minfrane vendors’
stock took a beating. |1Sdirectors were pressuredto dunp the nai nf rane.
The fact that sone applications runni ngtoday on central i zed conput ers can
run nore ef ficiently el sewhere provi ded enough anmuni ti on to support the
case t 0 abandon t he nai nf r ane.

Soon, however, a nore bal anced per specti ve energed. Gonsul tants
publ i shed report s frombusi nesses that had been qui ck t o adopt newt ech-
nol ogy wi thout fully anal yzing theinplications. Athough cost per MPS
appeared to be | over wth the newt echnol ogy, it becane apparent that work-
station MPSwere by no neans as powerful as nai nfrane MPS. Furt her,
the true cost of nany client/server envi ronnents was underesti nat ed. Qsts
were often buriedindepartnental budgets or lunpedinwth other office
equi pnent, naki ng themdi fficult tobreak out. Support costs often were
overl ooked ertirely.

Inreality, youcanassunethat adepartnental personal conputer and
LAN (I ocal area network) expert isrequiredfor about every 15 personal
conput ers. The LANexpert i s needed t o eval uat e sof t ware, upgrade soft -
ware, provide nai ntenance, train and advi se end users, coordi nat e noves,
and general | y be avai | abl e for questions. Wien you i nt roduce shari ng of
data or resources, nany of the sane factors that apply tocentral i zed com
puti ng envi ronnent s nust be i ncl uded: accounti ng and char ge back, data
backup and recovery, change nanagenent, capacity pl anni ng, perfor nance,
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neasurengnt, tuning, security, integrity, authorization, licensing, hel p desks,

avai |l ability, service agreenents, and 24-hour operations. Qe study, com
pletedin 1995 shonedthat for a5, 000- user envi ronnent, client/server com
puting was 70 percent nore expensive thanthe traditional centralized
conput i ng envi ronnent over a 5-year peri od.

Beyond t he cost consi deration, other factors drive theincreasing
interest i nnetworks of snal | conputers. Miny departnents vi ewcentral -
i zed | Sas unresponsi ve to thei r needs. The depart nents want nore control
of their applications, devel opnent schedul es, data, and costs. For these
departnent s, the newt echnol ogi es, desktop conputers, | ocal area networks,
and dat a servers provide that opportunity. Byinstal lingtheir own systens,
they becone nasters of their omfate. Wersinthissituationnust carefully
consi der theinportance of applicationavailability. Athoughtraditional cen
tralized nai nfranes today of fer avai labilityinthe 99. 99%range, LAN based
appl i cations can experience avai l abi ity inthe 94%r ange.

Decentralizationis not al ways a panacea. Hownany depart nent s do
t he sane t hi ng—si x? ei ght ? twel ve? Has t her e been any control over the
departnent s duri ng t he equi pnent sel ecti on process? | f the har dwar e and
software differ fromthose of the other departnents, thedataformats are
likelytobed fferent, vhi ch nakes exchangi ng, col | ati ng, and accessi ng data
difficult. Sonecentralized nanagenent i s neededinlarger busi nesses, even
i f decentralized conputers are used.

Assessing Your Options

Creful planningis requiredto anal yze whi ch systemi s the nost efficient in
supporting your applicationsuite. Wat nakes a conputer anai nfrane i s
not al ways agreed on, but thereisaclear trendto decentral i ze conputi ng.
That is, thetrendis tonove froman environnent contai ni ng one conput er
and nany ternminal s to an envi ronnent of nany conputers of different sizes
and capabilitieslinkedinanetwork serving nany distributedclients. The
roeof acentralized!|Sorgani zationis not always agreedon, but thereisa
clear trendtoretainor regai ncentral i zed nanagenent of nany aspect s of
conputing. Theintent i sto save noney and gai nbusi ness flexibility.

Bef or e you unpl ug your central conputer, take one nore | ook at the
thingsit does best, startingwththe ol d standby, batch processing. This
certainly has been one of thetraditi onal processor’s strong points over the
years. Likethe nai nfraneitsel f, batch processi ng has been decl ared dead
nany tines, but bat ch workl cads conti nue to grow A though not an exotic
appl i cati on, bat ch workl cads conpri se nuch of t he busi ness cycl e processi ng
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done by nost | arge enterprises. Data vol une and printing requi renent s
general |y nake central conputers a good tool for executing batch j obs.
Further, applicationsthat require highdegrees of security, dataintegrity,
recoverability, availability, andaud tability canbenefit fromthetrad ti ona

conputer’ sstrengthsintheseareas. Fnally, applicationsthat requirerap d
access to |l arge amount s of data or have |l arge transacti on vol unes fi nd a
confort abl e and dependabl e hone on traditi onal conputers.

IBMis buildingafuturefor the 390 fanly as serversin netvorks.
Because t hese conput ers can handl e an enor hous vol une and w de vari ety
of datafornats, they are suited as enterpri se data servers i n sone sit ua-
tions. Just afewyears ago, usingcentral conputers as servers was not very
practical . However, when busi nesses began usi ng mul ti vendor t echnol ogi es,
oper ati ng syst ens had t o change t o support t hese het er ogeneous envi r on-
nents. | BMresponded by rel easi ngthe Qoen B ueprint wthits nul tivendor,
nul ti protocol support, providingthe franework t o support het er ogeneous
envi ronnents and to ti e networki ng and central conputer hardware and
software together. Further, systemand network tool s are nowavai | abl e for
nanagi ng central i zed and decentral i zed conputi ng syst ens, i ncl udi ng nan-
agi ng networks of snal | er conput ers.

The bal ance sheet s of vendors that produce traditiona conputing
sof twar e and equi pnent refl ect the i npact of busi nesses conpl eting t hese
reassessnents. Denand for Systeni390 products, for exanpl e, set arecord
in194 andislikelytohave set anewrecordin 1995. Today, desktop com
puters, networked systens, and central i zed conputersall clearly havetheir
pl aces. Inthis decentral i zed envi ronnent, the questi on becones, “Wat types
of conput ers best neet the needs i n each of your applications?’

S/ 390 conput ers are desi gned fromthe start to serve froma few
usersinanofficeto nany thousands of users spread aroundtheworld. n
the high end of thisrange, §390 conputers are nost commonl y used in
pl ace of networks of personal conputers, although networks of snal |l com
put er systens (such as P 2s) are repl aci ng sone vor kl oads on t he | ar gest
central conputers. For now hovever, thelargest corporationswththelarg
est conputing needs rely onlarge conputers, such as an § 390, to process
nissi on-critica applications. 9 ncethe Systent370 and nowSyst ert 390 com
put er systens evol ved and grewal ong wi th t he needs of the | argest com
puter installations, the designaof 9390 hardvare and softwarerefl ectsthe
nany hard | essons | ear ned al ong t he vay.

hthe lowend of the § 390 conput er scal e, however, the choi ce be-
tween di stribut ed networks of snal | conputers and § 390 conput ers i s not
as clear. The LANvs. centralized-conputer debate still rages, andit isclear
that bot h approaches have nerit. Here are sone things to consi der i n nak-
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i ng t he deci si on. Those who al ready have a si gni fi cant i nvest nent in Sys-
t ent 370 har dwar e, operating systens, applicati on prograns, andtrai ni ng
for users, operators, or progranmers wll forfeit nuch of that investnent in
an outright nove to a LAN based envi ronnment. However, assuning t hat
sel ect ed appl i cati ons provi de sone busi ness val ue i n a LAN based
envi ronnent, the resul ti ng mxed envi ronnent might be nuch nore effi -
cient tooperate over tine. The specifics of eachsituation nust be consi d-
eredtoevaluatethereturnoninvestnent of such aproject.

nsider alsothat, aswththelarger 9390 conputers, snall er 390
conputers using a central i zed approach to nul ti user conputing are nore
tine-testedthan LANs, sinply by virtue of having beenaround | onger. S nce
PS2s weretraditional |y used as i ndependent conputers, prewitten appli-
cation prograns avai l abl e for P32 systens might not support LANenvi ron-
nents. Application prograns for § 390 conput ers support the mul ti user
envi ronnent and ar e of t en nor e conpr ehensi ve. | n snal | er envi ronnent s,
such factors as t he nunioer of workstations, technical support |evel, and
syst ens nanagenent acti vity det er nine whi ch appr oach yi el ds t he | onest
oost.

I'nthe high-functionworkstation envi ronnent, an RS 6000 syst emcan
be used by a singl e user for nechani cal design, el ectrical circuit simiation,
sei sniic andl ysi s, conputational chenstry, intensive financia nodel ing, and
thelike. Inthese environnents, mul tipl e RS 6000 syst ens are of t en hooked
together inalLANtofacilitateinteruser conmuni cati ons, programsharing,
i nfornati on sharing, and peri pheral sharing.

The basi c architecture of S 390 conputers, alongwth options |ike
vector facilities and outboard graphi cs processars, lendsitsel f tothese sane
nunerica lyintensiveapplications. Breninthese nunericallyintensive envi-
ronnent s, however, the S390 conputer is usual |y shared by nul ti pl e users,
vhi ch faci | i tates the sane conmuni cati ons, programsharing, and i nforna-
tion sharing as does a network of RS 6000 systens. B ther S 390 conput ers
or RS 6000 syst ens night provi de a user wth better perfornance, depend-
i ng on the specific applications, the nunber of users invol ved, and ot her
vari abl es. The cost per user a so depends on t he nunber of users, the appli -
cation programl i censi ng agreenent terns, and other variabl es. For these
reasons, the choi ce bet ween RS 6000 systens and § 390 conputers in
nuneri cal |y i ntensi ve environnents i s not al ways cl ear and depends heavi | y
onthedetails of your situation.

POMRpar al | el systens (S2) are based on t he fundanental technol -
ogy that existsinthe RSCSystemi6000 product line. They differ inthat S2
systens containnul tipleprocessingunits al | owngtaskstobe perfornedin
paral l el, providi ngreducedturnaround tine for computi ng-i ntensi ve j obs,

13
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reduced response tine for conpl ex queries, and better total systemthrough
put for transacti on processi ng appli cati ons. The S22 syst ens can be confi g
uredtoinclude from4to 128 processi ng hodes wth arange fromlto 30
0i gaHL@>S(fl oati ng poi nt operati ons per second). Thearchitectureis scal -
abl e t o many hundreds of nodes and t o t he t er aHLaPS per f or nance r ange.

The 390 fanily has extended i ts mul ti processi ng capability with
MS ESAsupport for paral l el configurations. Thetraditional strengths of
t hese systens conti nue to support nissi on-critica applicati ons and provi de
industry | eadershipfor applications requiringseria processingpower. This
fanily has al so been ext ended t 0 i ncl ude syst ens, based onthe S 390 nicro-
processor, that exploit parall el technol ogies and capitalizeonits proven
strengths i npertinent busi ness applications. Data shari ng bet ween proces-
sor conpl exes and paral | el i smextended to the | argest conput ers enhance
the val ue of the 390 fanmly.

Both the SP2 and §/ 390 fanil i es provi de support for open systens
st andards, such as the PGS X programm ng i nterface standard and t he
X Qpenportability standards incl uding XFGL Botharetrue participantsin
an open, distributed conputi ng environnent. G early, S2 systens are posi -
tioned at the high end of RS 6000 capability and are synergisticwth
S/ 390 conputers. As wth eval uati ons of other possi bl e conput er acqui si -
tions, thecriteriafor decidingbetween S2 and Systeni3%0 arerel ativeto
t he needs of the busi ness.

Today, sincethereusua lyisavariety of productstochoosefrom you
nust eval uatethetotal project cost and effort based onthe desired resul t
adthefacilitiesandskillsthat areinpace. Snekeyfactorsarethel oca
tionof systemusers, the existing network, the source and uses of data, and
theskillsavailabl einhouseor avail adl efor contracti ng. Schedul e and bud-
get ed expense are al ways afactor.

The choi ce bet ween § 390 and an al ternat i ve systemcan be definedin
terns of “either/or” for agivenapplicationbut coul dbe“both/and” for a
busi ness. For exanpl e, for users in a business al ready connected to a SNA
network, S390 paral | el systens canbe nore attractive. For users connect ed
toalocal areanetwork, PG, S2-, or S 390 based sol uti ons can be consi d-
ered. If aproject invol ves consol i dating RY 6000 LANs, PO/ Rpar al | el
systens wll beattracti ve. Theincreasi ng openness of each syst emprovi des
nany users and busi nesses wth opportunitiestoexpl oit the best fromeach
of thesevorlds.
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Systemt 300l 1 ¢, Atique,
o Rwvitdized?

The evol ution of Syst ent 390 har dwar e t echnol ogy over a peri od of 40
years denonstrates | BM's coomit nent to finding sol utions totechni cal
probl ens onl y nowbei ng expl or ed by newer busi ness conput i ng syst ens.
Syst et 390 oper at i ng syst ens have showntheir ability to support conpl ex
busi ness appl i cations wthexceptional reliability at very fast speeds—goa s
sought after by newer operating systemenvi ronnents. Wthall of thishis-
tory, Systemi390 continues to denonstrate flexibility and adaptabilityin
support i ng changi ng busi ness envi ronnent s.

Begi nning wth al ook back at the evol utionof | BMIs | arge conput er
systemarchitecture, this chapter i ntroduces youtothe key el enents of the
Syst em390 conput i hg envi r onnent —pr ocessor s, peri pheral s, sof tware,
and comuni cat i ons—whi ch are expl oredindetail inthe four chapters
that follow Youw | al sobecone acquai nted wth several newtechnol o-
gi es that keep Systent 390 t he nost power ful conmerci al busi ness syst em
avalade

This viewstands i nstark contrast to conputer i ndustry and nedi a
experts who have argued i ntensel y that proprietary “nai nfrang” systens
(systens whose evol utionis control l ed by a singl e vendor), particul arly
IBVIs Systemt390, arerelics of days gone by. Their frequent referencesto
“dinosaurs” typify these systens as | arge, sl ow ponderous, and of |inited
valueintoday sworldof snal |, speedy, client/server configurations (usu-
alystatedinreferencetoconfigurati ons of workstations).

15
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Mrerecently, nediarhetoric has shiftedits characterizationof tra
ditional |arge conputing environnents from“di nosaurs” to“antiques.” In
this characterization, Systemi390retai ns val ue, predomnant!yinanhis-
toriccontext, andisuseful for executing“legacy” applicationsor for pre-
servi ng access to | egacy dat abases (any programor dat a devel oped pri or
toclient/server applications). Inthis context, the val uethat Systeni390
retainsrelates directlytowhether or not analternative conputi ng envi -
ronnent w ll support the busi ness application.

Toitscredit, | BVis Syst ent390 devel opnent group, encour aged by
busi nesses unwi | | i ngto di scard years of i nvest nent, has accept ed nei t her
position. Tothis group, devel gpers andusersalike, Systemi30isarevital -
i zed pl atformas rel evant totoday’ s busi ness needs as wereits predeces-
sors, Systent360 and Systent370. The i ntroducti on and Chapter 1 of this
book argue t hat Syst emt 390 has successf ul | y evol ved and adapted to t he
New Age of conputing. It isinthis context that we | ook back over 40
years of history, tracingtheevo utionof Systeni360toarevitalized S 390,
denonstratingthat it istoday arel evant sol utionfor your busi ness.

A Retrospective on System 370

Inthe 1950s, | BMhel ped shape the fl edgl i ng conput er i ndustry wthaline
of conput ers—with nanes |i ke the 650, the 701, and t he 305 RANAG—
based on vacuumt ubes (F gure 2. 1). (The 305 RAMAC shown in FH gure
2.2, providedthefirst diskstorageintheindustry.) Duringthe decade of
t he 1950s, | BMenhanced t hese product s and cont i nued devel opnent of
ot her conput er syst ens—each uni quel y desi gned t o addr ess speci fic appl i -
cationsandtofit wthinnarrowpri ce ranges.

Thi s undi sci plined proliferationof uni gque andinconpati bl e conput er
syst ens caused conf usi on, evenwthin|BVIs own narketing, service, and
sof t war e devel opnent organi zations. The | ack of “conpatibility” anong
these systens alsomade it difficult for custonerstongratetonewgen
erations of | BMconput ers.

In 1961 a corporat e task force (code- naned “SPREAD’ toindicate
a w de scope) assentl ed at a Gonnecti cut notel to defi ne a newfanily of
nut ual | y conpat i bl e, general - purpose conput ers. The task force’ s final
report recommended bui | di ng a newseri es of conput er syst ens spanni ng a
w de range of price and perfornance. | BMs seni or nanagenent accept ed
the recomnmendat i on j ust aweek | ater, and a newdevel opnent proj ect was
| aunched.
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Figure 2.1. Vacuumtube rack used in the Mxdel 701.

Figure 2.2. |1BM305 RAVAC conput er system
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The first task undertaken by t he devel opnent t eamwas t o defi ne a set
of rul es—terned an ar chi t ect ure—+0 whi ch a group of five conput ers woul d
conform Thisarchitectural definitionstepwasthekeytoensuringthat all
five comput er systens woul d be conpati bl e wth one another—afirst for
| BM The architecture was conpl et ed and docunented by the fal | of 1962.
Duringthis highly confidentia devel opnent project, the code nanes for the
i ndi vi dual conputersinthe newfamly (101, 250, 315, 400, and 501) were
t he sane as t hose of sone conput er syst ens nar ket ed by conpetitors at
that tine. Thus, if carel ess conversati onor correspondence vereintercepted
outsideof 1BV thelistener/reader vouldlikelythinkthereference (for ex-
anpl e, to a 101 conput er) was to one of the conpetitive products rat her
thanto a secret | BMproduct.

Ater definingthe architecture, the devel opnent teamturnedtothe
task of si nul taneousl y designingthefived fferent nodel s that nade upthe
fam|y. Enhanced core nenory and a newsol i d | ogi ¢ t echnol ogy (SLT)
inproved perfornance andreliability. Fnaly, onApril 7, 1964, |BMhel d
apress conference, wthover 200 editors andwiters in attendance, to
announce t he | BMSyst ent 360 fanil y of conputers (H gure 2.3). The “ 360"
inthenane referredtoall points of aconpass to denot e the uni versal
appl i cability, wde range of perfornance and price, andthe “whol e-com
pany” scope of the devel opnent effort. Awall-sized conpass rose was
di spl ayed on t he st age backdrop duri ng t he press conf er ence.

The vork started by the SPREADtask force cane tofruitioninthe
Syst ent 360. Al t hough t he Syst end 360 ar chi t ect ur e r enai ned unchanged
for 6years, just 6nonths after itsintroduction, | BMexecutives beganto

Fgure 2.3. The IBMSystem 360 fanily of conputer systens (nai nfranes fore-
ground) .
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planfor systens that would expl oit the energing nonolithiccircuit (MQ
technol ogy. By the end of 1965, adraft docunent defini ng a newfamly of
conput er systens, called “NS’ for “newsystens,” was conpl ete. The new
systens vere to be based on nonol i thi c circuit technol ogy and an ext ended
Systemt 360 architecture to be cal | ed Syst emd 370.

I n June 1970, | BMannounced t he Syst eni 370 Mbdel s 155 and 165.
The Syst ent 370 ar chi t ect ure preserved upward conpati bility wth appli-
cationprograns wittenfor the Systemi360 architecture (that is, applica
tionswittentorunon Systent360 coul d al so run on Syst ent 370 syst ens,
but those wittenfor System 370 woul d not execut e on the ol der syst ens)
and added newcapabi | ity (an addi ti onal node of operation cal | ed Ext ended
Gontrol or “EC' Mxde). Additional Systent 370 nodel s wer e announced
i n Sept enber 1970 (Mbdel 145) and March 1971 (Mdel 135), roundi ng
out 1BMs first wave of Systent 370 conput ers.

Duri ng t he devel opnent of the Systeni 370 famly, | BMrecogni zed
the need t 0 expand t he anount of nai n storage (oftenreferredto as nenory)
avail abletoapplicationprograns. This need | edtothe devel opnent of a
second wave of Systenmt 370 conput ers t hat i npl enent ed a new concept
calledvirtual nenory. The virtual nenory concept used alevel of storage
address transl ationtoincrease the anount of storage percei ved avai | abl e
by applicationprograns. That is, virtual nenory nade conput er systens
seemt 0 have nuch nore nai n storage than they actual ly did. M rtual
nenory was publ i cl y announced i n August 1972 al ong wi t h t he Syst end
370 Mbdel s 158 and 168 (F gure 2.4), replacing the ori gi nal Syst ent 370
Mbdel s 155 and 165.

The Mbdel s 158 and 168 brought the nul ti processi ng confi gurati on
tothe Systenmt370 family. Wth nmul ti processi ng, two or nore processors
housed i n a si ngl e conput er syst emcooper at e t 0 execut e avai | abl e work.
A so announced at the sane tine were virtual nenory options for the
Mbdel s 155/ 165 and t he di scl osure that previ ousl y announced Syst ent 370
Mbdel s 135 and 145 had bui [ t-invirtual nenory capabilities. By the end of
1976, the addition of the Mbdel s 125 and 115 br ought t he nuniber of an-
nounced Syst ent 370 nodel s to 17.

Pronpted by the still grow ng need of users for nai n storage fuel ed
by theincreaseininteractive processing (inwhichusersho dadial ogwth
the conputer), the Systeni 370 product linewas split intotw conpatibl e
l'ines: the 30XXseries of | arge systens and t he 43XXseri es of nid-range
systens (Hogure 2.5).

In 1981, the nai n st orage addressabi | ity of the 30XXseries was qua-
drupl ed (upto 64 MB) by expl oi ti ng sone extra addressi ng bits avai | abl e,
but not used, inthe Systemi370 architecture. Additional nai n storage sup-
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Figure 2.4. | BVSysteni 370 Mbdel 168 conput er conpl ex.

Figure 2.5. | BM4331 conput er conpl ex.
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port cane wththe Systen370 Ext ended Architecture (370- X4, announced
in1981 and first shippedin1983. The 370- XAi ncreased t he nai n st or age
addressi ng capabi | ity by 128 ti nes by extendi ngthe address fieldfrom24 to
3lbits. A thesaneting, it naintaineda24-bit conpatibility node (up-
vard conpetibility), allowngapplicationprograns wittenfor systens wth-
out this newoptionto run unchanged.

I n February 1985, | BViext ended t he 30XX series wth the addition
of the IBVI3090 (FH gure 2.6). This series, origina |y announced wththe
Mbdel s 200 and 400, ext ended t he perf or mance range of the Syst eni 370
architecture beyond t hat of the precedi ng nenibers of the 30XXseri es.
The 3090 seri es was | at er ext ended and becane | BVIs | ar ge- syst emf| ag-
shi p. The 370- XA added expanded st orage t o t he 3090. Expanded st or age
was a newformof processor storage, separate fromnainstorage, usedto
hol d nuch nore i nfornati on i nsi de the conput er. Thi s addi ti onal storage
resultedinanoveral |l systemperfornance i nprovenent.

I n Cct ober 1986, | BMext ended downward t he range of the
Systemi370 architecture wththeintroducti on of the | BM9370 seri es of
conput ers. These r ack- nount ed syst ens wer e desi gned towork as distrib-

Figure 2.6. 1BM3090 Mbdel 200 conputer conpl ex.
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ut ed processors i n a network of Systent 370 conput ers or as st andal one
conput ers for smal | er busi nesses or departnents. The rack- nount ed de-
signaof the 9370 systensisstill usedtoday inpart of the ES 9000 fanly.

The next advance in the architecture cane in 1988 with the
introducti on of the Enterprise Systens Architecture/ 370 (ESA370). This
architecture agai ninproved virtual storage addressi ng by addi ng access
registers, whichall oned access to another formof virtual storage call ed
dat a spaces. Data spaces al | ownore datato reside in nai n and expanded
storage, reduci nginput/output (1/Q andinprovingthroughput. Qher ca-
pabilities of the BESA 370 architecture nade it easier for infornationto be
shar ed anong t he users of the system

Thetruetest of aconputer architectureisinthe narketpl ace. Qily
by thelifeor death of the architecture doconputer designers real |y know
vhether they hit thenark. Thelongevity andextendi bility of the Systeni360
and System 370 archi tectures speak highly of their original
desi gners. Bob Bvans, Fred Brooks, and Bich B ock recei ved t he Nat i onal
Medal of Technol ogy at a Wi t e House cerenony in 1985 for their part in
devel opi ng t he Syst en 360.

Syst en’ 390—Cont i nui ng the Evol ution

I n Septenber 1990, | BMintroduced the Enterprise System
Architecture/ 390 (ESA 390) and t he ES 9000 Syst end 390 fam |y of com

puters, coveringthe range of pricel perfornance previously hel d by t he
Syst ent 370 9370, 43XX, and 3090 conput ers. The ESA 390 ar chitect ure
and the 18 ori gi nal nodel s of the ES 9000 | i ne agai n nai nt ai ned appl i ca-

tion programconpatibility all theway back tothe first Systemi360 com

put er s whi | e enhanci ng per f or nance and i ncreasi ng functional ity. Likethe
| BMSystenmi370 fanily, the 9390 is afanly of multiuser conputer sys-

tens, neani ngthat asingleconputer i nteracts wth nore than one user at

atine (fromtwo users to thousands of users). ESA 390 t oday i ncl udes
nany newfeat ures, such as ESOONand paral | el syspl ex (defined | ater),

conti nui ng | BMs eval ution of its | arge busi ness conputer architecture.

I n 1994 | BMlannounced ext ensi ons to t he Systent 390 (S 390) famly
including addi tionstothe ES9000 | i ne and i nt roduced new scal abl e Sys-
temi390 paral | el processing conputersinaparall el syspl ex envi ronnent.
For 1BVl two newconputi ng di rections were set withthi s announcenent .
Gonpl enent ary net al oxi de seni conduct or (QWCB) t echnol ogy was i ntro-
duced as a bui | di ng bl ock for very | arge conput ers, conpl enenti ng bi pol ar
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t echnol ogy; and conput ers targeting speci fic applicati on envi ronnent s—
rather thanthe full general - pur pose envi ronnent —er e i ntroduced. Later
announcenent s ext ended t he QW5 t echnol ogy to | ow end, st andal one ser v-
ersandthento abroad range of servers providi ng perfornance not quiteto
thetaop of the ol der hi pol ar technal ogy processors. These changes reduced
theovera |l cost of conputi ngfor busi nesses vhil e provi d ngthemwith great er
fledllity.

| BViproduces aproduct linetofit intoevery category of conputing,
i ncl udi ng personal conput ers (1 BMPersonal Systens), workstations (1 BM
RS/ 6000), nini conput ers (1 BMAS 400), | arge central i zed busi ness com
puters (§390), and scientific conputers (POMparallel S2). Hstori-
cally, IBMIsstrength has beeninthe central i zed conput i ng envi r onnent ,
wthlarge conput ers based on t he Syst ent 360, S 370, and nowS 390 ar -
chitectures. However, | BMhas seen busi nesses shift fromthe traditi onal
central i zed conputi ng envi ronnent, wth one or nore | arge conput ers and
aseaof termna's, toanoredistributed environnent, wth nany conput -
ers of all sizesinteractingover networks. Sone nay argue that the com
pany was sl owt o acknow edge thi s trend, but there can be no question
that it nowhas. Sowhat does | BMsee as the future of the Systeni390
architecture and processor famlies? Should | BMsi npl y shift itsinvest-
nent away fromthe 390 famly toward the other | BMproduct lines, or is
therealong-termrolefor the 9390 famly andits future derivatives?

To hel p answer those questions andtoplot its strategy, | BMcom
m ssi oned a st udy of over 600 busi nesses around t he worl d. Asked what
they want ed out of future conputer systens, they respondedwththefal -
lowngtopthreerequirenents.

* I nproved pri ce/ perfornance—owering the price per unit of com
put i ng hor sepower .

» Adherence t o open-system i ndustry st andar ds—al | ow ng cust om
erstobuildnetworks of conputers of different architectures (het-
erogeneous desi gns) that work interactively.

e Support for client/server conputi ng-enabl i ng one conputer to
interact with other conputers inthe network on behal f of
the user. Qient/server conputing al | ows the applications, data,
and ot her resources toresidein conputers wel | suitedfor these
respective tasks (servers) whil e nakingthe resources availableto
dl athorizedusers (dients).
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The study al soi dentifiedtwo basi c busi ness opportunities for IBVWththe
S390 faml y:

1 Traditional centralized conputing (generally referredtowhenthe
term“nai nfrang” i s appl i ed)—Aany cust oners nowusi ng thetra-
ditional centralized conputers are expectedto continueto usethem
through t he decade of the 1990s. They w || need upgrades totheir
har dwar e and software. (Earlier we noted that denand for t hese
processor s has exceeded al | expect at i ons t hrough 1995.)

2 Integrated systens—+BMi s positioningthe §390 fanily in non-
traditional rol es such as servers in networks of conputers. | BM
Vi ews syst ens nanagenent, networ k managenent, security, and
dat a nanagenent as strengths of the 390 fanily i nthe server
envi ronnent and expect s denand for this part of the 390 fanly
togrowthroughthe 1990s at aratefaster thanthat of thetradi-
tional nai nfrane opportunity.

Based on these study results, IBMis evolvingthe §390 fanily to a nore
open conputi ng envi ronnent, oneinwhichit wll operatewth other com
puting pl atforns usi ng i ndust ry st andar ds adopt ed by t he Qpen Sof t war e
Foundation (C8). | BMis positioningthe 390 fanly as servers, based
onthestrengths of the 930 architecture, andw !l continuetoinmoveits
price and perfornance. The l atest additionstothis famly, based on new
t echnol ogy and t ar get ed appl i cati on envi ronnents, have | aunched the §
390 fanly intothese newral es.

The bal ance of this chapter provi des an overvi ewof | BMSyst ent
390 conputi ng, includingthe current generation of | BVIs | arge busi ness
conput i ng syst ens, spanni ng a w de range of perfornance capabi l i ti es and
capaci ties; the peripheral s and software that nake t hose syst ens work for
your busi ness; and t he conmuni cati ons and nanagenent st ruct ures sup-
portingarevital i zed Syst ent 390 conput i ng envi ronnent .

Processor Technol ogy—Packagi ng Power

Fortunatel y, know ngthe detail s of what nakes up t he conput er syst emyou
use dai l y i s no nore necessary than i s under st andi ng t he i nner wor ki ngs of
your car’s carburetor. However, it wll hel pyouto have afundanent al
under st andi ng of the general el enents that conpri se a systemi nthe §390
famly.
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The basi ¢ bui | di ng bl ocks of conput ers are conput er chi ps. Chi ps
house t housands of snal | circuits, whi ch are creat ed and connect ed t o-
get her usi ng | i t hographi ¢ techni ques. H gure 2.7 shows a si | i conwafer on
vhicharebuilt nany snal | chi ps (seenas snal | square areas onthe vwafer).
Miny di fferent types of chiptechnol ogy are usedinthe 9390 famly. Rack-
nount ed EY 9000 pr ocessors enpl oy | BM's conpl enentary net al oxi de
semconductor || (QVCB11) toinpl enent the BESA 390 architectureinj ust
ni ne chips. The | arger ES 9000 processors use a newgenerati on of 1 BVIs
Advanced Transi st or Technol ogy (ATX), based onthe enitter-coupl ed | ogi ¢
(BQ) transistor configuration. Thi s newversion of ATX houses nearly
6,000 B circuits, four layers of netal s, and 1-nicron|ithography, wth
nor e t han 600 pad connections. This represents a chi p density tw ce t hat
of predecessor chips. Thi s hi gher density reduces t he capaci t ance of con-
nections, providingfor a30 percent i nprovenent incircuit speed.

Anot her type of nenory chi ptechnol ogy, cal | ed static randomaccess
nenory (SRAV), is usedin high-speed buffer areas of ES 9000 processors.

Fgue2 7 Sliconwafer withchipsvisibleonthesurface. Bachchipis cut out
separ at el y and nount ed on a cer anic substrat e.
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The SRAMchi ps store over 64,000 bits of infornation and are fabri cat ed
usi ng | i thographi c techni ques that createcircuit € enents 1 nicroninsi ze.
These hi gh-speed nenory circuits storeor recall informati onin2. 5 nano-
seconds (2. 5hillionths of asecond). Sone chi ps used i n ES 9000 processor s
conbi ne di fferent technol ogi es suchas E>. and di fferential current swtch
(DX inorder tobest neet the perfornance needs of the desi gnandto keep
power requi renents, and thus cool i ng requi renents, to anini num Q her
storage areas, includingcentral storage, arebuilt using | BVIs 4- MB nenory
chi p. This chi p enpl oys a conbi nati on of QWS 11 technol ogy, advanced
l'i thography, and a trench capacitor nmenory cell to create an
extrengl y dense nenory chip. Thischipisabletostoreor recall inforna
tionfromany one of itsover 4nllionstoragelocati ons wthi n 65 nanosec-
onds (65 hi | lionths of asecond).

The chi ps are then nount ed i n nodul es and packaged on a circui t
card (i n rack- nount ed ES 9000 processors) or nount ed on a cer anic squar e
calledasubstrate (i nfrane-nounted ES 9000 processors). Ruilt wvithinthis
substrate are the copper wres that nake the necessary el ectrical connec-
tions between chips. The substrate inthe |l arger ES 9000 processors has
been i nproved over those usedinearlier | BMproducts.

Qnce the ceranic substratei s popul ated wth chips, thesubstrateis
encapsul ated intoastructure call ed athernal conducti on nodul e (TQV),
showninHgure 2.8. The TQMcarri es the heat generated by t he nany chi ps
on the ceranc substrat e anay fromt he chi ps and di sposes of it outsidethe
conput er system The TQMdoes t hi s by pressi ng a spri ng- | oaded net al
pi ston agai nst the top of each chi p onthe ceranic substrate. These pi stons
absorbtheheat andpull it uptothecodpl ate, wereit isdissipatedino
either circuaingair (inair-cod edfrane ES 9000 processars) or circu ating
chilledwater (inwater-cool ed frane ES 9000 processors). |n ES 9000 pro-
cessors, four TOM house nore circuitry than six of the TOW usedin | BM
3090 syst ens.

The contoi nat i on of these technol ogi es usedto buildthel argest com
putersisoftenreferredtoas bi pol ar technol ogy. Grer the years, nany
i nprovenent s have enabl ed bi pol ar technol ogy t o i ncrease t he processor’ s
cycletine. (Snplyput, at theheart of every processor i s a systemcl ock t hat
providesthetinereference, or heartbeat, settingthe pacefor al processor
activities, includingeachstepintheexecutionof aprogram Qe pul se or
beat of the systemcl ock i s cal | ed a nachi ne cycl e, andthetine durati on of
one nachi ne cycl ei s call edthe systems cycl etine.) The anount of work a
processor canacconplishisdirectlyrelaedtothat processor’s cycletine.

Thirty years of experience w th bi pol ar technol ogy si gnificantly
i nproved t he performance of these systens. Today, however, bipol ar tech-
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Fgure 2.8 Thernmal conduction nodul e (TAV) used i n EY 9000 processors. A por-
tion has been cut anay to provi de a vi ewi nsi de.

nol ogy i s mat ure and has produced as nuch cycl e ti ne i nprovenent as it
can, wthreasonabl einvestnent. Anaj or factor inthe naturingof bipol ar
technol ogy i s the cost associ at ed wth renovi ngthe heat produced by hi gh-
speed, densely packed circuits. Inbipolar technol ogy, power i s pernanent!y
appliedtosavetineinexecutingalogical operation. Eachlogical opera
tion (executing a Systent390 Add, Gnpare, or Decode i nstruction, for ex-
anpl e) uses aset of cels(acircuit) onachip. Theconb nati onaof continua ly
appl yi ng power and t he dense packagi ng of nany chi ps generat es | ar ge quan-
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titiesof heat. Toonuch heat causesthecircutrywthinthechiptofal. This
problemledtotwo designlimtations, wichcontributedtothe event ual
nat uring of bipd ar technol ogy. FHrst, theheat restrictedthe density of cir-
cui ts designedinto bi pol ar chips, reduci ng bot h the naxi numchi p si ze and
the nunber of useful circuitsinachip. Second, cod air, evenforcedthrough
the processor at hi gh speeds, was not adequate for renavingthe heat. Giill ed
vater, wthall of the associated pl uni ng, was requi redto nai ntai nthe
heat onthe chipat the appropriatelevel. Theinventi on and subsequent
evol ution of TOV (discussed earlier) as heat sinks usedto carry the heat
awnay fromt he chi ps was a naj or i nvest nent (both for | BMand t he users),
necessary for naki ng bi pol ar technol ogy practical for the current ES 9000
gereration

The grow ng cost and conpl exi ty of conti nued use of bi pol ar tech-
nol ogy coi nci ded w th the gradual evol uti on of a newt echnol ogy—EM=5.
Aready in 1982, | Bvivas actively redesi gni ng t he Syst end 370 processor to
use i ndustry-standard very l arge scal eintegrati on (M3 ) QVI5t echnol ogy.
Thi s t echnol ogy support ed chi ps contai ning upto 450,000 circuits, nore
than needed to i npl enent an entire Syst ent 390 processor. | n QMBt ech-
nol ogy, power isonly appliedduringanactua |ogical operation, savingen
ergy, loweringheat, and renovingthe needfor artificia forns of cooling
(forcedcd dair or vater cod i ng).

Thecircuitry of asingle hbipolar processor requiring over 400 bi po-
lar chips wth four water-cool ed TQW coul d nowbe repl aced w t h four
QM35 chi ps and one mul ti chi p nodul e (MV). A systemrequiring 24
TOMs and 6 hi ghly conpl ex, very heavy boards supporting t he TOW
coul d nowbe bui It onasingl e processor cardinasinglecage, built into
hal f of afrane. Anevennore dranatic conparisonisillustratedinHgure
2.9. The advant ages of QWCS packagi ng ar e beconing readi | y apparent .

By the nid-1980s QW5 was i ntroduced i nto the | ower range of | arge
processors (severa nodel s of the 9370 family and t he ES 9221 fanil y used
QM5 technol ogy). S nce the introducti on of those processors, | BMhas
i nvested i n reduci ng the cycl e ti ne associ at ed wth QW5 t echnol ogy. To-
day, QWBisrapidy closing onthe best cycl etines achi eved t hr ough bi po-
lar technol ogy andis at the poi nt were nast busi ness appl i cati ons supported
by t hose syst ens can execut e ef f ecti vel y on QB processors. I n addition
tothecycletineinprovenents, other capabilities, suchas nenory, nunier
of channel s, cache size, and chi p density, are approachi ng or exceedi ngthe
capacity of bipolar technol ogy. Hgure 2 10 highlights thi s progressionto
QOMCS t echnol ogy.
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Figure 2.9. 9672 Mdel R3 QM5 ni cr oprocessor packagi ng advant age.

Hi gh- Per f ormance and Entry Server CMOS

F gure 2. 10 denonstrat es i ncreasi ng | evel s of conpact, integrated, and
sophi sti cat ed t echnol ogy packages, oftenreferredtoas nul ti chi p nodul es.

Wiere earlier packages cont ai ned 4 chi ps, subsequent packages evol vedto 8
andthento 36 chips. Intheearliest packages, only oneaof thefour chi ps vas
aprocessor unit (PY, whichactedas acentra processor (P or as asystem
assi st processor (SAP) dedicatedtol/Oprocessi ng. Later packages cont ai ned
two PUchi ps and then si x on t he sane nodul e. Each MM inadditionto
theactua processor, containedtheleve 1(L1) cachefor tenporarily storing
data, thecontra store (G for storing nicrocoded har dvare functi ons, and
afloating point (FP assist processor (originallytwo chips). Thefloating
poi nt processor provi des signifi cant perfornance i nprovenents infloating
point instructions. Inlater nodel s, the L1 cache and CSwere i ncl uded on
the PUchip, and al evel 2 (L2) processor cache chi p was added to i nprove
the processar’ s perf or nance.

Thi s packagi ng represent s onl y t he base package, thefirst | evel of

vhat evol ved i nt o “book and cage” packagi hg for sone QDS pr ocessor s
and boar d and frane packagi ng for the | argest QM5 processors. Hgure
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Figure 2.10. OMX5 systemevol ution.

2 1lillustratesthevarious packaginglevel susedinthe entry-1 evel QWIS
processors, the RLMdel s. Inthis design, uptoseven MM, containing
oneto six central processor PUchi ps and one PUchi p dedi catedto |/O
processing (SAP), are pl aced on one processor card. Two nenory car ds,
wthuptoonehillionbytes (one @ of nenory, are al so pl aced onthe
card. R2 nodel s support up to seven central processor PUchi ps on a card.

The cards (sinilar toaboard found in apersonal conputer) are
packaged i n a bookl i ke contai ner that is pluggedintothe cage, referredto
asacentral el ectroni c conpl ex ((E), just as you woul d pl ace a book on a
shel f. The processor cardtogether wth equal |y conpact channel and cou-
pling cards (di scussed i n Chapter 3) and power regul at ors nake up t he
bui | di ng bl ocks i nt he cage.

Fgures2 12and2 13illustrateinnoredetail the capability of the
|atest |evel s of QWBtechnol ogy, introducedin|BMs | argest QW5 pro-
cessors in 1995, Boththe 9672 R2 and R3 nodel s (di scussedindetail in
Chapt er 3) use t he sane QWCS nicr opr ocessor, whi ch fits ona singl e very
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Figure 2.11. 9672 Mbdel R61 exanpl e of “book and cage” packagi ng for CMXB
processors.

dense but cool chip (I abel ed PJ. Ohthe sane 14. 5- nmby 14. 5-nmPU
chipare 16,000 bytes (16 KB) of | evel 1 cache, 32 KBof control store, and
over 400 contact points (signal s) for 1/Ohand ed t hrough t he SAP.

The chipis bondedto a standard ceranic substrate (approxi nat el y
7. 45 nmt hi ck), neasuri ng 44 mmby 44 nmfor the earli est RL nodul es,
64 mmby 64 mmfor R2 nodul es, and 127 mmby 127 nmf or R3 nodul es.
Chips are attachedtothe substrate using the Gontrol | ed Gl | apse i p
nnection (CG1), whichuses very snal | solder ballsinagridtoprovide a
hi gh nunter of signal pathsintoandout of the chip. This substrate, the
base for the MM contai ns 42 | ayers of el ectroniccircuitry usedto con-
nect theAJ L2, andfloatingpoint (AP chips. Athough bipol ar technol ogy
had evol ved t o gl ass substrat e, whi ch supports hi gher densities, | BMopt ed
to use the nore econonical designuntil higher densities are needed.

The RL nodul es pl ace bot h t he PUchi p and t he processor st or age
(referredtoas central storage or nai n nenory) onthe sane nodul e. R2
nodul es contai ntwo | evel 2 (L2) cache chi ps supporting each PU The L2
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Figure 2.12. 9672 Mbdel R2 QMCS ni cropr ocessor nodul e and car d.

cache resi des between t he st andard L1 cache (| ocat ed on t he PUchi p) and
central storage (nmai n nenory). Two nenory cards and |/ Ocards on the
R2 nodel s are pl ugged i nt o t he sane cage as t he processor card, which
provides the path fromthe Pls tothe nenory cards. Thisintegrational -
| ows the R2 nodel s to operate with only one card cage. Locat ed bet ween
the four processor MM on the processor card are si ngl e-chi p nodul es
provi di ng conmuni cat i on and nenory functi ons for the processors.

Four L2 chi ps support each PUonthe | arger R3 nodul e. Again, the
L2 cache resi des bet ween t he standard L1 cache (on the PUchi p) and nai n
nenory. | nstead of slidingthe processor cardintoabook, R3nodel s sup-
port one or two | arge processor MM pl ugged onto a pl anar board (afl at
panel cotainingnultiplelevels of entredded €l ectrica circuits usedtocon
nect nodul es), whi ch provi des a hi gh-speed pathto upto four nenory cards
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Figure 2.13. 9672 Mbdel R3 OMOS mi croprocessor nodul e and boar d.

fromup toten (Ps and two SAPs. The pl anar board al so hol ds two DC
pover regul ator cards, the external tinereference (ETR card (di scussed
later inCGapter 3), andthe uni versal processor contral ler (LRD.

INRBnodel s, thelogicunits are packaged i n books and pl ugged i nto
the central el ectronic conpl ex ((BEQ. Acagefor holding|/Ocardsis
locatedinthe bottomhal f of thefrane. These |/ Ocards are pl acedintothe
cage as a book i s pl aced on a shel f. You can renove and repl ace |/ Ocards
“onthefly” wthout havingtoshut downthe system Thisisreferredtoas
“hot pl uggi ng” cards.
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Processor Lhits

Excl udi ng t he QW5 processor units j ust described, there are three basic
processor unit categorieswthinthe §390 famly: rack-nounted processor
units, air-cool ed frane processor units, and wat er-cool ed f rane processor
uni ts, whi ch are di stingui shed by t he physi cal packagi ng schenge used.
Wt hineach group are nul ti pl e nodel s usi ng di fferent technol ogi es and
offeringdifferent | evel s of perfornance and capacity.

Rack- nount ed ES 9000 pr ocessor s use an i ndust ry- st andar d rack pack-
agi ng schene and are cool ed by forced air fl owgenerated by fans i nstal | ed
intherack. The nodul ar design, based onencl osures cal | ed dravers, a |l ons
easy repl acenent of conponents such as the central processor. Thi s nodu-
larity facilitates upgradi ng fromone rack- nount ed nodel to anot her.

There are ten rack- nount ed ES 9000 nodel s, whi ch support from16
negabyt es (MB) to 512 MBof processor storage. | nput/output devi ces such
as DADcontrol | ers or conmuni cations line controllers are attached ei t her
tochannel sor tothe | oner-cost, | ess versatilea ternati ve-Htegrated /O

Figure 2.14. Air-cool ed frame ES 9000 conput er conpl ex.
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control lers. Thetwo nodel groups wthinthis famly of processors arethe
newer 211- based nodel s, whi ch si gni fi cantly extend t he perf or nance capa-
bility of rack-nounted processors, and t he 170- based nodel s.

H gure 2. 14 shows an ai r- cool ed f rane ES 9000 pr ocessor conpl ex.
These syst ens are nounted i none or nore | arge, boxlike structures cal | ed
franes (fromwhi ch the term“nai nfrane” derives). As w th the rack-
nount ed system air flowcreated by fans cool s the el ectroni ¢ conponent s
of the system The ai r-cool ed frane ES 9000 processors, however, offer
hi gher per f or nance (one, two, three, or four central processors) and ca-
pacity (upto 8 @of processor storage and from8to 128 channel s) t han do
t he rack- nount ed nodel s. There are 19 ES 9000 ai r - cool ed f rane nodel s.

H gure 2. 15 shows a wat er - cool ed f rane ES 9000 processor conpl ex.
Inthiscategory are | BVIs | argest conmer ci al busi ness appl i cati on conput er
systens. Uhlike either the rack-nounted or air-cool ed frane systens, these
| arger E39000 processorsrelyonthecircul aionof chilledwater tocod the
el ectrica conponents that nake up t he system There are 25 nodel sinthe
wat er-cool ed frane group of feringonetotencentra processors, supporting
from32 MBto 10 B of processor storage, and providi ng from16 t o 256
channel s supporting al arge nuner of 1/Odevi ces.

Figure 2.15. Water-cool ed frane ESY 9000 conput er conpl ex.
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InApril 1994 | BMadded t hree configurations tothe S 390 famly,
introduci ng afourth category of processors and novi ngthe § 390 fanily
intothevorl dof parall el processing. | ntheseconfigurations, S390 nicro-
processors areinsta ledincentral € ectroni c conpl exes ((E3) that arecl us-
teredinfranes designedtohol d fromoneto e ght (B3, Each CECsupports
two to six § 390 nicroprocessors. The newconfigurations (di scussedin
Chapter 3) arethe 9390 Paral | el Transacti on Server (9672), the Goupling
Facility (9674), andthe 9390 Paral | el Query Server (9673) (no |l onger nar-
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Processor H enents

As noted earlier inthe di scussi on of QW5 processors, nany el enents are
requi red for a conpl et e processor sol ution. H gure 2. 16 shows a nini num
processor configuration, suitablefor testingasystembut not for executing
a producti ve vorkl oad. It incl udes an ES 9000 processor unit, whi ch houses
themllionsof dectroniccircuitsthat foomthe heart of the conputer. Wthin
the processor areone or nore (uptoten) central processors (), the
el ement s that actual |y execut e the conput er prograns. Systens that uti -

lizeasing e Pareca | ed uni processors. Thosethat utilizemitip ecentra

processors t o achi eve hi gher perfornance | evel s than are possi bl e wth one
(P, gvenacertaintechnol ogy andarchitecture, arecall ed nul ti processor
nodel s. These are designedtooperateas asing einage (dyadic or triadic
nodel s for exanpl €) or to be physical |y partitionabl e intotwo separate
pr 0Cessar' s.

Bven when a si ngl e conput er syst emenpl oys mul tiple central pro-
cessors, it appears tothe systemoperator and users to be a singl e system
(presents a si ngl e-syst emi nage) . Gnversel y, any S 390 conput er, regar d-
| ess of the nunter of central processors, canbedividedlogicallyintoparts
sothat it gives the appearance of nultipl e conputerstothe users andto
thesystemoperatar. Thisiscdledlogica partitioning, adit isfacilitated
by t he Processor Resour ce/ Syst ens Minager (PR SV), provi ded as a st an-
dardfeatureonal | §390 conputers. Wth PR'SV) a singl e § 390 conput er
canbe dividedintoas nany as 10 | ogi cal partitions (LPARs), and sone
nul ti processor nodel s canbe dividedintoas nany as 20| ogi cal partitions.
Logi cal partitioningis coveredinnoredetail inCapter 3.

The processor storage (oftencall ed central storage or nai n nenory)
hol ds t he prograns and dat a upon whi chthe central processor(s) acts. It is
nade up of two different regi ons of nenory: central storage and expanded
storage. Gentral storageisthetraditional type of nenory found i n nost
conput ers, fromthe snal | est personal conput ers to superconputers. It isa
hi gh-speed storage area usedto hol d i nfornati on current|y needed by t he
processor unit. Thisinfornationis addressedasinglebyteat atine.

Expanded st orage, thoughstill residingwthinthe processor unit, is
usual ly alittlesloner and | ess expensi ve to use than central storage.
Expanded st or age hol ds i nf or mat i on beyond t he i nedi at el y perti nent
infornationbeingusedincentra storage. Thisinfornationis addressed
onlyinincrenents of 4,000 bytes (4 KB), referredto as a page. Sagi ng
i nfornationin expanded storage avoi ds the needtoretrievethisinforna-
tionfromeven sl over external storage devi ces (such as adisk drive). Thus,
expanded st orage provi des arel ativel y | ow cost net hod of i ncreasi ngthe



38

EXPLORING IBM S NEW AGE MAI NFRAMES

anount of infornationheldinthe processor unit, typicallyresultinginan
overal | increaseinthe perfornance of the conputer system

Support for attaching |/ Osubsystens i s al so housed i nt he processor
unit. Thisis abus subsystemand/ or a channel subsystem The bus sub-
system used onl y on t he rack- nount ed ES 9000 9221 processors, provi des
away toadd optional integrated |/Oadapter cards tothe system These
adapt ers provi de support for sel ectedinput/out put functi on and devi ces (such
as acommuni cationslineinterfaceor acontrol unit for tape/ DAY). Achan
nel subsystem availableonall S390 conputers, provides anore versatile
vay to attach optional devi ces (such as a 3745 Gonmuni cations Gntrol | er
or 23990 Sorage Gntrol) to 9390 conputers. It isnecessarytoattach
external devicestoan S 390 conputer i norder to nake a conpl et e com
put er system but the choi ce depends onthe user’ s needs.

AsoshowninFgure2 16isthe processor control |l er. Thi s devi ce
starts up, configures, andnai ntains the 390 conputer. It isthe“cockpit”
of the conput er systemand i s used excl usi vel y by t he per sonnel who sup-
port the system not by t he busi ness appl i cati on users of the conputer sys-
tem The processor control | er consists of asnal | conputer (actual ly, insone
9390 conputers, it isaderivativeof anlBVIRrsonal Gonputer), adispl ay,
and a keyboar d.

The processor control | er for mul ti processor nodel s i s a standal one
dupl exed unit. It provides the control | i ng nechani smfor configuringthe
system loadinglicensedinternal code, and nonitoring and supervisingthe
processor. |t assiststhe processorsinerror recovery and provi des notifi ca
ti on and aut onat ed probl emanal ysi s for certai n processor conditions. In
si ngl e-i nage node, one si de of the processor controller isactivey contral -
lingthe conputer systemwhil ethe other sideis servingas backup i n case of
failueof theactiveside. Thisalows for concurrent nai ntenance onitsel f
shoul d one si de requi re repai r. Viden physi cal |y partiti oned, the processor
contra |l er acts as two, one assi gned t o each physi cal processor partition.

Atached tothe processor controller i s a nodem The nodemenabl es
the processar contral ler, if authori zed, tosend and recei veinfornati on over
atelephonelineg that is, the nodemhas the circuitry necessary to convert
i nfornationencodedinthe conputer (digital infornation) tosignal s suit-
abl e for transmssi on over tel ephone lines (anal oginfornation) and vi ce
versa. This nodemlink al | ows the § 390 conput er, for exanpl e, to aut o-
naticallycal an|BMRenot e Support Facility and el ectronical |y report any
probl ens detected with the system

Fraly, thelarger 390 conputers (thosecod edbycircu atingchilled
vater) al so cone W th a separat e 9027 Power/ Gol ant Dstribution Lhit,
vhi ch provi des el ectrical power inthe formneeded by t he S 390 conput er
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and circul ates cool ant to keep the operating tenperature of the system
wthinpermssib elints.

Feripheral s

A t hough the § 390 conput er shown in FH gure 2. 16 coul d be set up and
tested, it | acks devi ces requiredto performuseful work. FHgure 2. 17 adds
t he devi ces necessary to nake a functional conputer system Adirect
access st orage devi ce (DASD subsyst emi s added t o provi de di sk st orage
for the system Wereas t he processor storage hol ds prograns and dat a
currently bei ng act ed upon by the central processor(s), di sk storage hol ds
prograns and dat a not current!y bei ng used but that nay be needed at any
irstart.

Atape subsystemi s usedtostoredatathat isless frequent!y processed
than dat a on di sks (for exanpl e, | arge sequentia files), tohol darchival
data, andtoprovide alevel of backupinthe event of systemfailure. Fre-
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Figure 2.17. A DASDsubsystem tape subsystem workstations, and printers
nust be attached to the ES' 9000 t o nake a conpl et e conput er system
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quently, infornation stored onthe DA i s backed up t o nagneti ¢ t ape
ei ther to use DA space nore efficiently or toensure abackup copy i f the
DADshoul d fai |. The t ape subsyst emal so provi des away to | oad program
products (whichare oftendistributed ontape) i ntothe systemandto ex-
change prograns and dat a w t h ot her conput er syst ens.

Toal lowpeopletointeract wththe S 390 conput er, workstations are
attachedtoit. Aworkstationis either asinpl e device wth adisplay and
keyboard or a conpl et e conput er system such as a personal conputer, in
itsomright. Ineither case, theworkstationsareattachedtoal ocal work-
stationcontrol unit, wich nanages the traffic fl owbet ween t he workst a-
tions and t he channel subsystemwithinthe §390 conputer. Sncethis
vorkstationcontrol unit isdirectly attachedtothe channel subsyst emof
9390 conputers, itiscaledalocal wrkstationcontrol unit. Qe of the
vorkstations i s used by the systemoperator to nonitor, nanage, and per-
f ormt he housekeepi ng associ ated wththe S 390 conputer. (Note: A though
alocal workstationis showninHFgure2 17, arenote workstati on can be
used by a syst emaoperat or, enablingthe support staff to belocated el se-
vihere.) The other workstations are for busi ness users who per f ormt he work
for whi ch the conput er systemvas instal | ed.

Syst em 390 Enhancenents

What characteristics nakethe IBMS 390 fanily different fromthe
Systemt370 fam |y of conputers? Initially, the na or differences werein
the perfornance range offered and i nthe architectural enhancenents to
features, including Enterprise Systens Gnnection (ESON Achitecture,
the Gyptographi c Achitecture Facility, subsystemstorage protection, W
Dat a Spaces, S 390 Dat a Conpr essi on, DB Sort Enhancenent, and ESCON
Miltiplelnage Facility (BMF)—al | introduced with the ESA 390 ar chi -
tectureandinpl enentedinthe 390 famly. S ncethenna or architectural
changes, includingcoupling, paralel sysplex, adpara |l € servers have car-
ri ed Systent390 processors i nto the newage of client/server conputi ng.
Anewl/Qarchitecture, the Bnterprise Systens Gnnection (ESON

Achitecture, sets 390 conputers apart fromthei r predecessors. ESON
isaset of rulesthat definetheway inwhichl/Odevices, such as storage
subsystens, control units, or conmuni cations controllers, areattachedto
processors i nthe ESA 390 architecture. ESCNenpl oys fi ber-optic cabl es
that carrylight waves rather thanthetraditional e ectrica signdsusedin
Syst et 370 channel s. The use of |ight al | ows for hi gher-speedi nfornation
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fl owbet ween | / Odevi ces and t he channel subsystem Further, the use of
light all ows I/ Odevices toresi de from3 kmt o 60 kmaway fromt he pro-
cessor unit, dependi ngonthe I/ Odevice, the ESONchannel type, andthe
cabl i ng confi guration.

The ESA 390 G ypt ographi c Architecture Facilityisinplenentedin
S/ 390 conput ers through the I ntegrat ed G ypt ographi c Feature (1 GRF).
This featureis usedtoencrypt and decrypt infornationinthe S 390 com
puter. Wsers canstore, access, andtransmt scrantl edinfornationto pre-
vent its unaut horized access. The I ntegrat ed G ypt ographi ¢ Featureis
di scussed further in Chapter 7.

The Systent390 fanil y has an el ectroni ¢ versi on (D RNV of nanu-
alsthat allows the user with a properly equi pped personal conputer to
look up informationwththe hel p of conput er-based keywor d sear ches.
A'so, the PR SMifaci lity, which al | ows the systemoperator to divide a
singl e §390 conput er i ntowhat appear to be several i ndependent |y oper -
ating conputer systens, is standardwthall nodel s.

Sibsyst emst or age prot ecti on hel ps prevent storage vid ations of sub-
systens suchas ACS It is standard onal |l ES 9000 processor nodel s t hat
support parall el syspl ex. Software support is provided by the MS ESA
oper at i ng syst emand t he A CS ESA subsyst em

WIDat a Spaces ar chi t ect ure provi des for data space i npl enent a-
tion (discussedin Chapter 3) i naWenvironnent. VWDat a Spaces ar -
chitectureis standard onal | ES 9000 processors.

S/390 Dat a Gonpr essi on, standard on al | processors supporting par -
all el syspl ex, provides for hardware conmpressi on, whi ch requires about
one-fifththe processor cycl es of sof tware-onl y conpressi on.

The Asynchronous Dat a Mver Facility (ADMP) uses the |/ Oproces-
sor tonore efficiently nove | arge anount s of dat a bet ween central and
expanded storage, freeingthe central processor for other vork. Lptoa 20
percent reductioninel apsedtine for sel ected DB query applicationsis
real i zed by usi ng ADVF rat her t han DASD

B2 Sort Enhancenent al | ows for i npl enentation of OB Sort al -
gorithns i nhardware. It provides inproved DB perfornance and i s stan-
dardonal | processors supporting paral | € syspl ex.

The ESONMiltiple lnage Facility (BMF), al so standard on al |
processors supporting paral | el syspl ex, reduces cost and sinplifies | ogi cal
partition (LPAR configurations. It all ows shari ng of ESONchannel s and
acouplinglink (neededfor paral | el syspl ex environnents, described| ater)
anong nul ti pl e PRSIl ogi cal partitions, reduci ngthe configuration con-
necti on requi renents.
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Paral 1l Rocessi ng

Satedinthesinpl est terns, parall el processingis acconpl i shed through a
col | ecti on of processi ng el enents (conput ers of avariety of forns) that
can conmuni cat e and cooperate to sol ve | arge to very | arge probl ens
quickly. That definitionisvheresinplicity ends. Parall € processi ngtech
nol ogy i s not new It has been usedinscientific probl emsol ving for nany
years. It isalsonat static. It hasevo vedintoavariety of i npl enentati ons
over t hose decades. Today, withthe | owering costs of technol ogy and t he
i ncreasi ng nini at uri zati on of conputi ng el enent's, boththe options andthe
uses areincreasing. Nolonger prinarilyahigh-endtool for scientificand
technical problemsaving, it isevavingintoacrucia too for conmercial
busi nesses.

Paral | el processing appears essertialyinthreeforns. Sncetheearly
years of conput er devel opnent, nul ti processors have been desi gned as a
neans of i ncreasi ng processor capacity. | Bvihas | ed t he devel opnent of this
t echnol ogy and has been very effectiveindeiveri ngavery hi gh perfornance
ratioinnul tiprocessi ngconfigurations. Typical ly, these configurati ons en
ableuptotenprocessors tovwork together. This technol ogy i s expl ored nore
fulyinCapter 3.

Hghly paral | el processi ng systens, soneti nes referredto as sym
netricmiltiprocessing (WP or sinply parall el processing, al so enabl e up
toadozenor soconputers towork together. I'nnost configurations, how
ever, perfornance drops off quickly after addi ng a si xth or sevent h proces-
sor. Thisispartidlyresdvedthroughaprocess of clustering, interconnecting
several groups of WP processors.

Missi vel y paral | el processi ng (MPP) enabl es hundreds (and, theoreti -
cal ly, thousands) of processorstoworktogether tosad ve probl ens. The pri -
nary factor enablingthis nunber i s asystemdesignthat “shares nothing.”
That is, nodevices, operatingsystens, or storage are shared by a processor
insa vingaspecificprobl em Thi s renoves forns of contentionfor resources
that occur inother types of “sharedresource’ configurations.

I npl enenting aparal | el processi ng archi tecture requires nore t han
changes tothe processor. Tovork efficiently, the operating systemnust be
desi gned t o support mul ti pl e processors. Mist i nportant |y, fromthe busi -
ness perspective, the applicationnust be desi gnedto take advant age of ac-
cesstonultiple processors. | nsone cases, rewiting or redesigning an
applicationwl|l nakeit performwell inaparallel environnent. | nother
cases, hovever, thenature of the applicationdoes not lenditsel f tobetter
per fornance on nul ti pl e processars. Thus, crucial factors for your busi ness
toconsider rdativetoparal e processingarethetypeof parale architec-
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turethat best neets your busi ness needs andthe avail ability, through acqui -
sitionor reprogramming, of anapplicationthat neets your busi ness needs.

I nadditionto nany decades of work on mul ti processi ng confi gura-
tions (includinghighlyefficient nul ti progranming through t he M/S oper -
ating system, | Bvihas expanded i nt o devel opnent of other forns of paral |l el
processi ng. | nthe N Xenvironnent, the RS 6000 SP pl atformdel i vers
scalability (theabilitytoreta nperfornance | evel s when addi ng addi ti onal
processors) and nanageabi | ity (the process of nanagi ng a gr ow ng num
ber of resources fromacentra point of control). Inthis environnent, you
can scal e your systemfrom2 to over 512 nodes. Mbst popul ar dat abases
are supported, and nany vendors are desi gni ng softwaretoworkinthis
envi ronnent .

Inthe M/Senvironnent, | BMhas devel oped the paral | el syspl ex
technol ogy. Thi s technol ogy, described next, builds oncurrent generation
processors and hd dsthe potential for cost-efficient scalabilitywd | beyond
current systemlinntations.

Paral | el Syspl ex

Intoday’ s busi ness envi ronnent of gl obal operations, aliances, nergers, and
acqui sitions, reacting qui ckly to cust oner needs and changi ng nar ket con-
ditions is inperative. Newconcepts such as open systens and
client/server conputing are pl aci ng i ncreasi ng denands on wor kst at i ons,
| ocal area networks (LANs), and § 390 conputers. |BVis § 390 Paral | el
Syspl ex responds to thi s envi ronnent and creat es a bri dge fromsystens i n
pl ace today tothose that wll run busi nesses t onorrow

IBVIs strategy istodeliver additional Systeni390 functions while
i nprovi ng the cost -effectiveness of that platform Paral | el Systeni390 m-
croprocessors arecentral tothisstrategy. Additiona technol ogy, intro-
duced by | BMover the past several years, ties together with these
ncr oprocessors to conpl ete the paral | el syspl ex envi ronnent .

Theterm“paral | el syspl ex” defines two or nore conputi ng i nages
operating under M/Si n a syst emconpl ex (syspl ex), usi ng the coupl i ng
facility as the neans for sharingdata. The net effect i s asingl e-inage,
hi gh- per f or mance, data sharing, parall el M/Soperating systemconfi gu-
raion

By usingthese newarchitectural facilities, the 30 Para el Syspl ex
har nesses t he power of upto 32 conputers (this nunber w il increase over
ting). It enabl esthemtocooperateasasing e, | ogical conputi ngfacility by
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synchroni zing their tine references and enabl i ngthemto share data at the
recordlevel vihilepreservingdataintegrity. Wiledoingthis, it keepsits
under|yi ng structure transparent to users, networks, applications, and
oper ati ons nanagenent . Benefits to your busi ness i ncl ude synergy with
exi stingapplications, continuousavailability, sing einageoperations, dy-
nani ¢ wor kl oad bal anci ng, and data sharingandintegrity across nultipl e
pr 0Cessar' s.

Inasinglesystem grovthis|limtedby the si ze of the system Mn-
agi ng the system however, isrel atively easy because al | of the resources
are under the control of one copy of the operating system Taking al arge
vor kl oad appl i cati on (such as transacti on processi ng) and permittingit to
run on alarge nunber of separate systens adds capacity for grow h but
significantly conplicat es nanagi ng t he workl oad, whi chincl udes distrib-
utingtheworkl oad ef fectivel y across al | of the systens.

A naj or busi ness benefit is derived fromnmnai ntainingthe
“si ngl e-syst emi nage” of the paral |l el syspl ex. Transacti on processi ng
vor kl oads ar e dynami cal | y bal anced acr oss processors, and, wththein-
troducti on of hi gh-perfornance coupl i ng t echnol ogy, datais al so dynani-
callysharedat afinelevel of granularity wthread and wite access and
full dataintegrity (seetheillustrationinHF gure 2 18). The shared data
nodel sinplifies pl anni ng for newbusi ness appl i cati ons; dynanic wor kl oad
bal anci ng nanages changi ng patterns of use; andthe paral | el syspl ex par -
ticipates as an el enent of an open, client/server conputi ng envi ronnent.

Thiscapabilityisachievedwthout sacrificingconpatibilitywthyour
past busi ness investnents. Infact, current i nvestnents can pl ay a signifi-
cant role. Al ES 9000 511- based and 711- based nodel s can formpart of
theparal l el sysplex, alongwththe newer parall el enterprise server nod-
el s. Wirkl oads that woul d benefit fromthe | arge bi pol ar technol ogy en-
gi nes can be directed to use those faster processors. Your i nvestnent i s not
only protected but al so remai ns astrong requi renent for sone appl i cation
envi ronnent s.

Qoupl i ng

The parall el sysplexisinplenentedinthe 9390 fanily throughthe Qu-
pling Facility and t hrough hi gh- bandw dt h coupl i ng |i nks. The Gupl i ng
Facilityprovidestheflexibility toneet capacity requi renents throughthe
coupl i ng of soneinstal | ed 9021s, 9121s, or S 390 nicroprocessor syst ens.
@upling links are hi gh-bandw dthfiber-opticlinksthat provi de hi ghspeed
connecti vity between the Goupl i ng Faci l ity and t hese coupl i ng- capabl e



System 390—Relic, Antique, or Revitalized? 45

Coynarmic Wioih lozd Balansing

F'.Hr:‘i‘*‘i““ _ : .:.:.:l

El
B
3
B

Lists “haring

Fgure2 18 Interrelationshipof parallel sysplex features.

systens. These and other el enents of the paral | el syspl ex are di scussedin
nore detai |l inChapter 3.

St or age H er ar chy—\aki ng Dat a Avai | abl e

Psdefinedearlier, central processors actual |y nani pul at e t he dat a as nec-
essary todowork for the user. The rest of the conput er systembasical |y
feeds infornation (prograns and data) tothe central processor or accepts
informationfromit. If therest of the conputer systemcannot keep pace
wththe central processors, the systemis constrai ned and overal | system
perfornance i s reduced. Thus, the rest of the conputer systemnust be
careful ly bal ancedwththe central processor(s) for naxi numeffi ci ency.
To achi eve bal anced perf ormance i n a cost - ef fecti ve nanner, nost com
put er systens (i ncl udi ngthe §390 famly) enpl oy severa types of inforna-
tion storage devi ces wth varyi ng perfornance | evel s. Inother words, they
have astorage hierarchy. (Fgure2 19illustratesthe storage hi erarchy used
inthe 390 famly.)
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FHgure2.19. Sorage hierarchy in S 390 conput ers.

The whol e purpose of the storage hierarchy in 9390 conputersisto
respond as qui ckly as possibl etothe central processor’ s re entl ess request s
for theretrieval and storage of informati on. To achievethis, the system
constant |y adj usts and noves i nfornati on anong the different | evel s of the
storage hierarchy, placingtheinfornationnost |ikelytobe needed next as
hi ghinthe hi erarchy as possi bl e. The novenent of i nf ornati on anong t he
topfour layers of the storage pyramidis prinarily nanaged by the central
processors and central storagecircuitry.

The conput er systems full perfornance potential isrealizedonly
vheninfornationis kept as highinthe storage hi erarchy as possi bl e. For
this reason, each § 390 conput er i s configured (or tuned) to providethe
correct anmount of each storage type for the environnent inwhichit is
used-sonet hi ng not al ways easy to predi ct. As t he environnent
changes, it nay becone necessary t o expand vari ous types of storageto
keepthe systemrunning at its best.
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Processor Storage

A thetopof thestorage pyramdarethereg sters, wichareveryfast cir-
cuitsinsidethecentra processor that hol d only the progranming i nstruc-
tionsanddataonwhi chtheexecutionunits (al sowthinthecentra processor)
are acting. Wereas general -purposeregistershold 32 hbits of i nfornati on,
floatingpoint registershold64 bitsof infornation. Sncethey areinthe
central processor and are extrenel y high-speedcircuits (wiichswtchina
fewnanoseconds), they are very efficient at neetingtheinmedi at e storage
needs of thecentra processor’s executi onunits.

Next inthe storage pyranidis the cache storage, an array of very
hi gh- speed el ectroni c nenory circuits that are al sofoundineach central
processor (seethe expl oded vi ewof the central processor shownin H gure
3. 14 on page 127). The cache storage contai ns the next instructionto be
fedtothecentra processor’s executionunits.

The second-1 evel buffer, next i nthe storage pyranid, resides outsi de
thecentral processor. It autonatically collectsinfornationfromthe next
pyramd | ayer (central storage) and stages that infornationfor the cache.
The whol e pur pose of the second-1 evel buffer istoprovideinfornationto
the cache nore qui ckly than coul dthe central storage. Li ke the cache stor-
age, the second-1evel buffer consists of anarray of very hi gh-speed el ec-
tronicnenory circuits.

Gentral storage, housedinsidethe processor unit, isthe pivot point
of thestorage hierarchy. Al infornati onto be acted upon by any central
processor or |/ Ochannel nuist reside, at sonepoint, incentral storage. Itis
nuch | arger thanthe pyrannd | ayers aboveit, but it still provi desinforna
tiontothecentra processor(s) very quickly. Gentral storageis known al so
as nenory, nai n storage, and randomaccess nenory (RAM. It i s nade
upof alargearray of high-speed el ectronic circuitsthat resideinsidethe
processor unit.

The next | ayer inthe storage pyramd i s expanded st orage, a cost -
effective vay to augnent central storage wthout sacrificingtoonuchin
perfornance. It consists of averylargearray of el ectronic nenory circuits
that act as anoverflowareafor central storage. | nsone S 390 conput ers,
expanded storageis aregionof central storagethat behaves | i ke expanded
storage. This al | ows those S 390 conput ers to conpl y w t h the requi renent
definedinthe ESA(390 archi tect ure t o have expanded storage. Inthe |l arger
9390 conput ers, expanded storage actuallyis el ectroniccircuits set apart
fromthecentra storagecircuitry. Infornationthet isstill Iikdytobe needed
but cannot quitefit intocentral storageis noved autonati cal |y t o expanded
storage. Al of theinfornati onstoredin expanded storage, however, nust
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be noved back to central storage beforeit can be accessed by the central
processors. This transfer i s nanaged by the S 390 conput er har dvar e and
operating system whi chrelieve the programmer fromhavingtodeal wth
thed fferent nenory subsystens. Infact, the centra processors do not know
that expanded storage exi sts. Together, central storage and expanded st or -
age arereferredto as processor storage.

Ext ernal Storage

The next layer inthe storage pyranmidis di sk storage, provided by direct
access st orage devi ces (DASXs), whicharesubdividedinto DA with a
hi gh- speed cache for performance and DASDs wi t hout cache. DASDs are
thefirst typeof storage covered sofar that physically resides outsi dethe
processor unit. They exi st as |/ Odevi ces attached t hr ough one or nore
S'390 I/ Ochannel s or systembuses. DAS» are al sothe first storage cov-
eredsofar that isabletoretaininfornationevenwenthe power isturned
off. Thus, disk storageis sai dto be pernanent storage.
Issuesrelatedtoexternal storage are nolonger “peripheral.” The
speed w t h whi ch organi zati ons create newdata and i nfornati on, new
applications that require a“data warehouse,” the grow ng anount s of
busi ness-critical i nfornati ononworkstations, andthe devel opnent of open
systemarchitectures al | drive changes tothevay datais nanaged. Gapac-
ityisnolonger theprinaryissue. Rather, dataavail ability, perfornance of
the access nethod, datasecurity andintegrity, and data storage costs are
dri vi ng rapi d changes t o conput i ng envi ronnent s. Nevert hel ess, the basic
interactions betweenexternal storageandinternal storage renai nthe sane.
Li ke expanded st orage, information stored on DASDs nust be
noved to central storage beforeit isavailabletoacentral processor.
Thereis generally adelay (inthe conputer’s tinereference) fromthe
tinethe central processor requeststheinfornationuntil thetinethat
itisavailableinsidethecentral processor. This del ay results fromthe
fact that DASDs ar e el ect ronechani cal devi ces, whi ch are sl ower than
el ectrical devices because they are constrai ned by nechani cal noti on.
Further, since the DASs are | ocat ed out si de t he processor unit, the
informationis brought inthrough an |/ Ooperation, which invol ves
addi ti onal subsystens (1/Ochannel or systembus and a control unit)
and t he del ays associatedwththem If, however, DASDw th cacheis
used and the data i s wthinthe cache, the nechani cal noti on and t he
reading fromdiskiselimnated. Dataistransferreddirectly fromthe
cacheinresponsetothe |/Ooperation. Wth awite-through cache,
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awiteoperationdoes not needtowait for thedatatobewittento
di sk bef ore freei ngthe channel . Viden t he dat a reaches t he cache, the chan
nel isfreedfor other operations, andthewitethen occurs synchronousl y
fromcache t o di sk.

The basi ¢ anat ony of a DADis showninHgure 2.20. |t consists of
adrive nechani smw th pernanently instal l ed netal lic disks, oftencall ed
platters becausetheir shapeislikethat of adinner plate. Theseplatters
have a nagneti c surfacethat canstoreinfornati on. Asingl e DASDusu-
alyhasmitipleplattersinorder tostorenoreinfornation. Theplatters
spinconstantly at very highspeeds whileabuilt-inread/ wite head records
or recalsinfornationontheplatter’ s surface. Thearmthat positionsthe
readwiteheadis calledtheactuator. Athoughread/ wite heads i n DAS»
never actual |y touchthe platter’s nagnetic surface, they are positioned
extrenel y closetothat surface. Together, theread/ wite heads and t he
pl atters conpose a head—di sk assenfl y (HD2Y) . The di sk st or age pr ovi ded
by DA act s as an ext ensi on t 0 expanded storage i nthat both are used
as anoverflowareafor infornati on unabletoresideincentral storage.

S/ 390 conput er s support DASs that storeinformationintwo for-
nats: Qunt-Key-Data (KD or fixed-bl ock architecture (FBA. Ineither
case, informationis storedas snal | groups of datacall ed bl ocks. Wththe
GDformat, the byte count isstoredinthefirst part of the bl ock and
definesthelength of that bl ock, sothe size of abl ock nat ches exactly the
anmount of infornati onthat needs to be stored. Wth DASDs that use the
BAfornat, infornationwittentothe DADis storedin bl ocks of fixed
length. Inthisfornat, evenif only 1byteneedstobestored, afull bl ock of
DASDi s consuned. Al though wast ef ul of DASD space, the FBAfor nat
lends itsel f to higher perfornance thanthe GDfor nat .

New DASDt echnol ogi es i ntroduced to t he Syst end390 fam |y i ncl ude
RAMAC devi ces and RAID. RAMAC, a nane chosen by IBMto recal | the
earliest storage system(see Hgure 2.2), storage subsystens requirefar | ess

Head—Disk Assarmbly
Amnatu e

Flatter Readhwrite
be=ad

FHgure 2.20. The anatony of a direct access storage devi ce (DASD).
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physi cal resources (space and coal i ng, for exanpl €) whi | e nai ntai ni ng very
highdatadensities, upto 180 @inasingleconfiguration. RAD standing
for redundant array of i ndependent di sks, assurestheavailability of datato
the user by provi ding several techni ques for nirroring and rebui | di ng data
shoul d a st or age devi ce becone unavai | abl e to t he system Thesetopics are
di scussedinnore detai | inCapter 4.

The next | ayer of the storage pyramdis optical storage. Rather than
usi ng nagnet i smas w th DA, optical storage systens use optical tech-
niques toachievetheir extrenel y hi ghrecordi ngdensity. Qurrent opti cal
storage technol ogy, however, issignificantly sl oner than D> and, there-
fore, cannot repl ace the need for DASs. (ptical storage provides the
capaci ty, randomaccess, and vol unetric efficiency neededtojustify on-
l'i ne access tothe many docunents that an enterpri se nowfil es on paper,
nicrofiche, or nicrofilm Thisisespecialytrueaof i nfrequently referenced
i nfornat i on, where busi ness val ue i s gai ned fromt he speed and ef fi ci ency
of orlineaccessibility. Aother advartageisthe cost-effectiveretentionof
current on-linedatafor | onger periods of tine.

There are two types of optical storagetechnol ogy: wite-once and
rewiteabl e. Eachuses ab.25-inchoptical cartridge. For pernanent records,
the wite-once technol ogy uses an abl ati ve process (renovi ng a portion of
the surface) torecord data pernanently onthe cartridge. Qwce datais
witten, it cannot be erased. Aspecialized nicrocoded file systemal | ows
t he nedi umt o appear as rewitabl e; however, previously recorded data
remai ns onthe di sk, creating apernanent audit trail. For other storage
uses, rewitabl e technol ogy uses areversi bl e nagnet o-opti c process. This
recordi ng technol ogy i s useful where stored dat arapi d y becones obsol et e
andinformationarchivingisnot required. llenthe storedinfornationis
no | onger needed, it iserasedandthe cartridgeis reused.

Fnaly, thelovest |evel of thestorage pyramdis tape storage. Tape
consistsof along, flexiblestripcoatedwithnagnetic nateria andrdledon
areel orintoacartridge. Atapedrivereads andwitesinfornati ononthe
tape nuch as a cassett e recorder records and pl ays nusi ¢ on audi o cassette
tapes. Thetapedriverunsthetape acrosstheread/ wite head. S 360 tapes
had contact wththeread/wite head, but 3480 and 3490 t ape dri ves do not ;
thetaperides over theheadonacushionof air. Hectrica inpulsesinthe
read/wite head transfer infornationto and fromthe tape' s surface. Qe
prinary purpose of tape storageis to provide a backup st orage nedi umf or
infornationinthe conputer’s di sk storage. Wth current conpacti ontech-
ni ques and t he Enhanced Gapabi | ity recordi ng fornat, cartridges (3590) can
hold upto 10 B of data. The | owcost and hi gh recordi ng densi ti es i nher -
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ent intapealsonakeit ideal for archivinginfornation. Tapeis al so com
nonl y used indistributing prograns andtransferringinfornati onfromone
conput er systemto another. For general - purpose i nfornati on archi val and
di sk storage backup, tapeis oftenused over optica storageduetoits|over
cost. Tape continues t o be the frequent |y chosen nedi umf or sequentia pro-
cessi ng appl i cati ons because of its highdatatransfer rate over EBSONchan
rds

Sof t war e—Supporti ng Busi ness (bj ecti ves

The previ ous sections of this chapter introducedthe processor units and
associ at ed har dwar e opti ons used to confi gure § 390 conput ers. Thi s sec-
tionintroduces the el enent that puts the hardware t o work—nanel y, soft-
vare. Software (ageneral termfor the many prograns that executein
conput ers) harnesses the § 390 conput ers’ conput ati onal power and
al | ons users to performnany di verse and usef ul tasks.

Thetermsoftware i s anal ogous tothe term“publicati on.” Newspa-
pers, annual reparts, novels, andbiographical directoriesareal categories
of publications. Thesedifferent categoriesfill different needs. The sane
situationexistswthsoftware. Each category of software has auniquero e
inenablingthe hardware to performuseful work, but all nust act together.
Therest of this sectiontakes alook at the rol es pl ayed by each of the
cat egori es.

The basi ¢ cat egori es of software usedin S 390 conputers areill us-
tratedinthe sinpl e software nodel showninH gure 2.21. Three basi ¢ cat -
egories (or software | ayers) are commonl y used wi th § 390 conput er s:
appl i cation program operatingsystem andlicensedinternal code (LIO.
Each softvare | ayer perforns aconpl etel y different job, but all threework
cl osel y toget her to performuseful work for the users. 390 application
programal ternatives and § 390 operating systemal ternatives arethe fo-
cus of Chapter 5.

Thetopsoftwarel ayer inthe software nodel isthe applicationpro-
graml ayer (thetoplayer inFgure 2. 21). Application prograns performthe
tasks (word processi ng or accounting, for exanpl €) for whi chthe conput er
vas purchased, but the other two | ayers pl ay essential support rol es. The
“user'sview arrovsinthefigureind catethat the user nest ofteninteracts
wthanapplicationprogramand | ess frequently wththe operating system
Werking cl osel y wththe other software | ayers, the application program
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Foure2 21. Software nodel of Systeni390' s basi ¢ software structure.

processes t he vari ous keyst rokes nade by t he user and responds by di spl ay-
inginfornationonthe conputer’s display or other output devi ces.
Prograns wittenfor System 370 conput ers can usual | y be execut ed
directlyon 939 conputers. This conpatibilityallows §390 userstobring
forward their i nvestnent i n application programdevel opnent, dat abase
desi gn, and user trai ni ng when upgradi ngthei r hardvare. Frequently, ap-
plication prograns i nthe busi ness envi ronnent are used for such tasks as
accounting, financia nodel i ng, word processi ng, dat abase nanagenent ,
electronicnail (Enail), and conput er graphi cs.
Applicationprograns i nteract directly wththe operating systemto
performdi fferent tasks (such as readi ngand witing di sk storage or sending
i nfornati on over a conmuni cati ons network). The i nteracti on between t he
oper ati ng systemand appl i cati on prograns t akes pl ace t hrough t he appl i ca-
tionprogramming i nterface (AP) presented by the operating system Pro-
gramproduct s, cal |l ed appli cati onenabl ers, extendthe AR presented by the
operating system Applicationenabl ers add functiontothe AR, thus offer-



System 390—Relic, Antique, or Revitalized? 53

i ng nore servicestoapplicationprograns. Asthe figure shows, application
enabl ers resi de bet ween t he operat i ng syst emand t he appl i cati on program
| ayers of our software nodel , and t hey acti vel y conmuni cat e wth bot h | ay-
as

By addi ng servicestothe AR, application enabl ers nake t he j ob of
appl i cati on programdevel opnent easi er. Thi s enabl es sof t war e devel op-
nent conpani es to devel op prewitten application prograns nore easily,
provi ding §390 users with nore prewitten application prograns from
vhi ch to choose. | nthe sane way, the productivity of devel opi ng cust om
applicationprograns isinproved, sincethe applicationenabl ers provide
nany functions that woul d ot herw se have to be witten fromscrat ch by
t he devel oper duringthe cust omappl i cati on devel opnent project. Applica
tionenabl ers used wth S 390 conput ers are grouped i nto three cat egori es:

» Transaction-processi ng appl i cationenabl ers
e [ntabase applicationenablers

e Soecia -purpose appl i cati onenabl ers

The next | ayer i nour software nodel isthe operatingsystem The
oper at i ng syst emnanages t he har dvar e resour ces of the conput er system
and perforns tasks under the control of application prograns and keyboar d
conmmands t yped by t he users. Because the appl i cation programcanrely on
t he operati ng syst emt o per f or mnany of the detai | ed housekeepi ng t asks
associ atedwththeinternal workings of the conputer, the operating system
i s saidtoprovidethe environnent i nwhichapplication prograns execut e.
Sncetheapplicationprograminteracts directly wththe operati ng system
appl i cati on prograns are general |y desi gned t o work under a speci fi ¢ oper-
ating system (perating systens al so accept conmands directly fromt he
userstocopy files, change passwords, and performvari ous ot her tasks.

Thethirdand final |ayer of softwareinour nodel isthe licensed
internal code (LIQ. LICisaset of highly specializedprograns witten by
the nanuf act urer of aconputer andrarel y nodi fi ed by ei t her syst emaoper a-
torsor users. Theset of LICin S 390 conputers i s enedded deepl y wthin
the conput er systemand i s therefore consi deredto be part of the conput -
ing nachi neitself rather than part of a programrunni ng on the nachi ne.
Lhl i ke appl i cation prograns or the operating system LI Cis used only by
other prograns; that is, LICnever interactsdirectlywththeuser or the
programmer. LI Cexists only to hel pthe § 390 har dwar e perf ormt he nore
conpl ex i nstructionsinthe ESA 390 architecture. The LI Cincl udes the pro-
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gr anmi ng execut ed by t he nany di fferent nicroprocessors i nan S 390 com
puter. For exanpl e, sone LI Ci s execut ed by t he nicr oprocessor s used t o
i npl enent the I/ Ochannel s inan S 390 conput er.

The LI Cappr oach hel ps shi el d t he har dware det ai | s of the processor
unit fromthe software’ s vi ewof the processor unit. That is, it preserves
conpl i ance wth ESA 390 architecture, and t hus conpati bility wth oper-
ating systens and appl i cati on prograns, i nthe face of evol utionary hard-
vaar e i nprovenent s.

Wen datais sent toa conputer froman external source, suchas a
vorkstation, the softwarelayers of our nodel coneintoplay. Frst, thel/O
channel s and associ ated LI Cverify that a | went well inreceivingthe data;
thenthe LCnotifiesthe operating systemthat thedatais correct, ready,
and vai ting for use. The operating systemnakes t he dat a avai l abl etothe
appl i cation programand then reacti vat es t he appl i cati on program whi ch
vas dormant waiting for the next keystroke(s). The appl i cation program
processes the dat a as necessary and i nstruct s t he operati ng syst emt o vai t
for the next keystrokes, and the whol e cycl e starts al | over agai n.

nput ers easi |y performthese stepsinsnal | fractions of a second.
Snilar but nore conpl i cat ed cooperati on anong t he t hree sof tware | ay-
ers occurs for nost functions perforned by the conput er such as readi ng
or witingafileonaDASDand communi cating w th ot her conput ers.

Syst em Concept s—Bri ngi ng the Systemto Life

Fewar eas i n conput er sci ence creat e nor e conf usi on and appr ehensi on t han
operating systens. Never bef ore has the user had nore al ternati ves i n choosi ng
an operating system Thi s secti on renoves sone of the nystery associ at ed
wththe various Systemt390 operating systens by famliarizi ngthe reader
w t h operati ng syst emconcept s such as mul ti user and i nt eracti ve process-
ing, andwththeir applicationtothe busi ness envi ronnent .

(nce devi ces for | oadi ng prograns i nto the S 390 conput er and f or
interactingwththe S390 conput er have beeninstal | ed, an operating sys-
temi s | oaded. The operating syst emi s needed t o performany usef ul work
because it provi des t he envi ronnent i nwhi ch ot her prograns execute. It is
t he programt hat nanages t he i nt ernal housekeepi ng associ ated wth the
conput er system andit provi des the necessary i nterface betweenthe users
and appl i cati onprograns to control the S 390 conput er. The user caninter-
act directlywththe operatingsystems user interfacetonanagefilesona
di sk, start applicationprograns, print files, andsoon The operating sys-
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temal so perforns tasks directly under the control of application prograns
wthout any user assi st ance.

Asnotedearlier inthis chapter (and discussed norefullyin Chapter
5), theapplicationprograminitiatestasks by interactingdrectlywththe
oper at i ng systemt hrough t he appl i cati on programinterface (AR). The AR
issinplyaset of gperatingsystemtasksthat canbeinitiaeddirectlybythe
applicationprogram The ARl sinplifiesthejobof application progranmers
by naki ng it unnecessary for themto becone i nvol vedwththe detail s of
hardwareinteraction. Further, henanapplicationusesthe AH, it isshidded
fromchanges i n t he conput er har dwar e as newconput ers ar e devel oped.
The oper at i ng syst emcan be changed t o support newconput er har dwar e
vhi | e preserving (or evenextending) the AR, all owng previously witten
appl i cation prograns to run onthe newconput er system

Tounderstand the rol e of the operating system you need t o under -
stand t hese basi ¢ concept s:

e Batchversusinteractive processing
o Mitiuser
e Ml ti programm ng

* Mbdes of operation

Bat ch vs. Interactive Processing

To grasp t he concept s of bat ch processi ng and i nt eracti ve processi ng, cor-
si der the anal ogy betweenthe postal service andthe tel ephone. |f youw sh
toask adstant friendsonequestiaons, youcaneither witealetter or phone.
Wththefirst optionyougather al your thoughts, put themon paper, and
put theletter inanail box. Afewdays |ater (assuningyour friendis respont
sive), yougotoyour nail box and get the responses toyour questionsinthe
formof adocunent. Thisis anal ogous to bat ch processi ng wth aconputer.
Frst, yourequest the conput er to answer sone question(s) or performsone
task(s), andsonetinelater (frommnutestodays) youcangototheprinter
and get the conputer’ s responsesintheformof arepart. Inthe early days of
conputi ng, batch processingwas theonly alternative for conputer interac-
tion. Auser submtted arequest (call ed a batchjob) tothe conputer by
pl aci ng a stack of conput er punch cards i nto an el ect ronechani cal devi ce
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call ed acardreader. The conput er woul d read the cards, performthe re-
guested t ask(s), and respond by generating a conputer printout. Today, baetch
processing still hasits place, but the batchjobs are usual |y submtted by
typi ng commands i nto a conput er ternminal rather than by usi ng punched
cards. Gardreaders arestill inuse, but nai nl y on sone ol der conput er
syst ens.

Mbvi ng back to our anal ogy, at tines you cannot sinply wite down
your list of questionsinaletter, because sone of the questions depend on
answerstooneor noreinitial questions. Inthis case, you haveto send
severa lettersback andforthor call your friendto di scuss the questi ons.
Gllingispreferabl eif you need an answer to your questioninahurry.
Having a di al og wth your friend over the phoneis anal ogous to i nt erac-
tive processing on aconputer. Wthinteractive processi ng, you have a
dial ogwththe conputer systemfromaterninal : Youtypein questions or
requests, andthe conput er i nmedi at el y responds. The pri nary advant age
of interactiveprocessingisthat the user gets aninmed at e response, wi ch
isrequiredinnany busi ness applications (suchasairlinereservations or a
retail checkout |ane). Interactive processi ngwas devel oped | ater than bat ch
processi ng and i s noww del y used i n nost busi ness envi ronnent s.

Sone busi ness appl i cati ons of conput ers use a conbi nati on of bat ch
and i nteractive processi ng. For exanpl e, apayrol | clerk mght typeinfor-
nationfromtine cardsintoaconputer termnal inadialogstyle (interac-
tiveprocessing). Oceadl tinecardsareenteredand verifiedtobe correct,
the clerk may i ssue acommand tothe terminal that tellsthe conputer to
print all checks (abatchjob). Theclerklater getsthe checks fromthe
printer. The operating systens used w th S 390 conput er s support both
bat ch and i nteracti ve processi ng. The | at est syst emenhancenent s i ncl ude
usi ng paral | el processi ngto expand the capabilities of the bat ch processi ng
envi ronnent (see “Bat chP pes/ M/S’ in Chapter 5).

Mil ti user Support

Aconputer is saidtobeanultiuser conputer systemif the hardware and
sof twar e enabl e a si ngl e conput er systemt o be shared by two or nore
users si nul taneousl y. By contrast, personal conputers are si ngl e-user com
put er systens because they are prinarily designedtointeract wth one
user a atine.

Anul tiuser conputer systemhas fromtwo to t housands of conput er
termnal s attachedtoasing e conputer. Eachterminal providesits user wth
a w ndowi nto t he conput er systemand al | ows t he user to performt asks
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i ndependent | y. Al t hough t he singl e conput er systemi s bei ng used
si nul t aneousl y by nany users, users aretypical ly unanware of the activities
of other users and seemt o have thei r own conput er system However, a
user may see t he conput er “sl owdown” (i ncrease response ting) as nore
and nore users signontothe conputer and start doi ng work.

There are several advant ages of a mil ti user over asingl e-user com
puter system FHrst, sincethe conputer systemhardware and prograns
can be si nul t aneousl y shar ed by many users, noone hastowait for a“turn
on the conput er.” Breryone (assuning enoughterninal s are attached) has
access to t he conput er whenever needed to do a job. Q her advant ages
offered by a mul ti user systemareinthe areas of security, accounting,
backup, recovery, andthe | i ke. The operating systens used w th S 390
conput ers support afull nul tiuser envi ronnent.

Mul ti progranmi ng

Many peopl e confuse mul ti programming wth the term“nul tiuser” (j ust
di scussed), whichreferstothe ability to have a singl e conput er system
shar ed anong two or nore users si nul taneously. Mil ti programmingin S
3%0terns neans the ability of aconputer systemto execut e si nul t aneousl y
two or nore i ndependent appl i cation prograns. (Ve introduced the con-
cept earlier inthed scussionaof parall € processing.)

Before mul ti programming, a conputer had to fini sh processi ng one
appl i cat i on programconpl et el y bef ore anot her coul d be started. The oper-
ating systens used wth S 390 conputers al | support amul tiapplication
envi ronnent. Thi s neans that nul ti pl e appl i cati on prograns are bei ng pro-
cessed at the sane tine usi ngatine-sharingtechnique. Wthtinesharing, a
conput er systemprocesses thefirst active application programfor aperiod,
or slice, of ting thenit suspends that application programand spends an-
other sliceof tineprocessingthe next active applicationprogram thenit
noves ontothenext, andthenext, until it cones backtothefirst applica
ti on programand t he cycl e begi ns agai n. Thi s round-robi napproachtotine
sharing, alsocalledtineslicing, allows progressto be nade on each of the
active applicationprograns. S nce the conput er systemnoves so qui ckly
fromone appl i cati on programto another, it appearsthat all application
prograns are bei ng execut ed si mill taneously. Ahierarchy of priority al ons
the conput er systemt o spend nore of itstine onthe nost i nportant appli -
cati on prograns.

(ne of the biggest advant ages to a nul ti progranming envi ronnent is
that it nreeffectivdy utilizestheprocessor unit. Thenajority of thetineit
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takes toprocess atypi cal business appl i cati on programi s spent waitingfor
I/Oactivities (for exanpl e, reads andwitestod sk storage) associ atedwth
that application programto conpl ete. Before mul ti progranming, the pro-
cessor unit sinply sat usel essly spi nning i n a hi gh- speed progr anming | cop
vhilethel/Oactivitywasinprocess. Thiswastedtine. Inanultiprogram
ning envi ronnent, likethat of the 9390, the processor unit sinply goes on
processi ng ot her appl i cati on prograns whi | e one appl i cati on programi s
vaitingfor anl/Ooperationto conpl ete. Thus, mul ti progranm ng nakes
for noreeffectiveutilizationof the processor unit andal l ows norevorkto
get doneinagivenperiodof tine.

Modes of System Operation

To accommodat e t he needs of various envi ronnents, Syst ent390 processor s
operateinseveral different ways, or nodes. Each operating node has uni que
functions and characteristicsusefu ind fferent situations.

Syst end 370 Base (ot i on Mbde

Thi s option provi des an operati ng node and confi gurati on supporting a
ngrationpath for those currently usi ng Syst ent 370- based conput er sys-
tens, such as the rack-nounted | BMI9370 fam|y. Qnly t he rack- nount ed
ES 9000 pr ocessor s can be ordered wth the Syst end 370 Base (ot i on (#9370) .
An BES'9000 processor wththis optioninstal |l ed uses nost of the saneinte-
grated |/ Oadapt ers and |/ Odevi ces used i n the 9370 fanily. The Syst end
370 Base (ption offers 217 i nstructi ons and support for up to 16 MB of
processor storage. This storageis addressed usingavirtua address (di s-
cussedearlier inthischapter) that is24bitsinlength. Thisneansthat a
virtual storagesizeof 16 MB(224 bytes) is supported. A so, upto 16 chan
nel s (Syst emi370 bl ock nul ti pl exed channel s onl'y) and i ntegrat ed |/ Oadapt -
ers are supported. ESONchannel s are not supportedinthi s operati ng node.

Nat i ve Syst end 370 Mbde

Ml y t he rack-nount ed ESY 9000 processors can be ordered with the
ESA 390 pti on (#9390), whi ch provi des a Nati ve Syst end 370 node, an
ESA 390 node, and an ESA 390 LPARnode. | n Nati ve Syst emi 370 node,

as W th the Syst end 370 Base (ot i on, rack- nount ed ESY 9000 pr ocessor s
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offer 217instructions, functional conpatibilitywthearlier Systeni370 com
put er systens, and a 16-MBvirtual address space. | n Native Syst ent 370
node, however, naxi numcentral storage expands to 64 MB (usi ng t he 26-
bit real address of the Systeni370' s Ext ended Real Addressing). Al arger
central storage neans that | ess pagi ng needs t o be done, thus i ncreasi ng
overal | systemperfornance. Aot her advant age i n Nati ve Syst ent 370 node
isthat the naxi numnunter of channel sis 32 (includinganyintegrated!/O
adapters) rather than 16 as i n t he Syst ent 370 Base oti on. These channel s
can be paral | el channel s but not ESONchannel s or Syst ent 370 bl ock nul -
tipl exed Channel s. Sone of the 9370 i ntegrat ed |/ Oadapt er s support ed un-
der t he Syst ent 370 base opti on are not supportedin Native § 370 node.

ESA/ 390 Mode

Al nodel sinthe §390 fanily operate i n ESA 390 node. Thi s node i npl e-
nent s the functions definedinthe Enterprise Systens A chitect ure/ 390,
i ntroduced w th the ES 9000 processors. Theinstruction set has been
expanded to 229i nstructions to support the newtypes of datastructuresin
ESA(390. The virtual address spaces used i n ESA 390 node (and i nt r oduced
wth Systent 370’ s Bxt ended A chi tect ure) have been expanded 128-fol d, to
2@ using31-bit addressing (2" bytes =2 @). Gonpatibility wth exist-
ing21-bit and 31-bit prograns i s preserved. | n ESA 390 node, provi si ons
exi st for havi ng hundreds of 2-@virtual address spaces—a capabil ity ex-
pl oi t ed by operating systens, di scussedin Chapter 5. Upto 10, 240 MB of
processor storage and 256 channel s canbeinstalledinthe |l argest S 390
conputers. Parall el channel s, ESONchannel s, or integrated |/ Oadapters
(rack-nount ed § 390 conput ers only) are supported i n ESA 390 node. Fur -
ther, “busy-channel ” conditions are autonati cal | y handl ed i n har dwar e,
vhicheffectivelyreducesthe overd | del ay associ atedwth |/ Oactivity.

ESA/ 390 LPAR Mbde

Al S390 famly conputers havethe ability tooperatein Logical ly Parti -
tioned (LPAR node. Inthis node, the system al t hough physical ly in one
nechani cal frane, islogicalydvidedinouptotenpartitions (rack-nounted
nodel s, uptofour partitions; air-cool ed frane nodel s and wat er - cool ed
340- based nodel s, upto seven partitions; and t he wat er-cool ed 520- based
and 711-based nodel s, uptotenpartitions). Physical ly partitioni ngthese
syst ens can doubl e t he nunier of partitions.
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Thislogica partitioningis donethroughmcrocode cal | edthe Proces-
sor Resour ce/ Syst ens Minager (PR V). The PR SMal | ows t he syst emop-
erator tologicallypartitionasinglesystemintonul tipl e systens, eachwth
its own channel paths, portionof processor storage (centra and
expanded), and central processors (or tine-slicesthereof). Eachlogica per-
tition operates as an i ndependent conput er and runs operati ng syst ens at
different architectural levels (S 370, 370- XA ESA 370, and ESA 390) than
theothers, i f needed.

Central storageisallocatedtoeach partitionin1-MBincrenents.
A though central storage cannot be shared between mul tipl e partitions, the
systemoperator canreal l ocate centra storage at any tinewthout di srupt-
ing any of the partitions. Begi nningwth the ES 9000 511- based and 711-
based processors, central storage wth nonconti guous addr ess ranges can be
reassi gned between | ogi cal partitions runni ng under WS/ ESA
Reconfigurationof central storage onother nodel sispossibleonlyif the
storage to be added i s conti guous tothe storage al ready defined for the
pertition

(n t he 520- based, 511-based, and 711-based processors, expanded
st orage can be reconfi gured i n noncont i guous 4- MBi ncrenent s runni ng
under MY ESA Reconfigurati on of expanded st orage on ot her nodel s i s
possibleonlyif thestoragetobe addedis contiguous tothe storage al ready
defined for the partition. The 511-based and 711- based processors are the
only nodel s that enabl e reassi gnnent of both central storage and expanded
storage fromany | ogi cal partitiontoany other | ogica partition.

Asingl e channel path (that is, achannel address) cannot be shared
by mul tipl e partitions. Asinglel/Odevice, honever, can be shared anong
nul tipl e partitions by definingdfferent channel paths (onefor each parti -
tion) tothe sane I/ Odevi ce. However, wth the ESCINMIl ti pl e | nage
Facility (BEMPF), avail abl e onthe 511- based, 520-based, and 711- based
processors, ESONchannel s are shared across | ogi cal partitions, reduc-
i ng t he nunber of channel s requiredto add newpartitions or applications.
Shari ng channel s neans that LPARs are connected to I/ Odevices with
significantly fewer cables. Qily native ESCONcontrol units are supported—
wthor wthout directors.

Fnaly, acentra processor canbe conpletely all ocatedtoaparti-
tionor canbeshared by nul tipl e partitions. This centra processor a | oca
ti on can al so be adj ust ed by t he syst emoperat or as needed wthout di srupting
any of thepartitions.

PR SMnade i nprovenents i nits LPARdi spat cher to reduce LPAR
nanagenent tineat all utilizationlevels. These LPARdi spat cher enhance-
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nent s are supported by M ESA SP 4. 3 and subsequent r el eases. Vr ki ng
toget her, PR SMLPARand M/ ESA have si gni fi cantly reduced t he LPAR
lowutilizationeffect, whi ch caused nore processor-busy ti ne per unit of
vork at lowutilizationthanat highutilization. NowLPAR nanagenent
tineisnearlyequal a anylevel of processor utilization

PR SVILPARa soal lows | ogical partitionstoreal | ocate central pro-
cessars, vector facilities, andintegrated cryptographi c features (1 G¥s). If
alogica partitionnolonger needsthe central processor or vectar facility or
IR, it canreleaseit. PR SVILPARNno | onger requires that thel ogical par-
titionbedeactivatedfor it toregainaccesstoavector facility, |G, o a
dedi cated central processor. PR SMLPARal so autonatical |y adj usts pro-
cessor sharing whenever acentral processor is variedon/off ina shared
log cd partition

ESA 390 LPARnode of teni s useful for separatingcritical activities
(that is, the productionworkl cad) fromother less critical or norerisky
activities such as appl i cati on devel opnent or software testing. PR SV
i nproves software partitioning for VM ESAby enabl i ng the mul ti pl e pre-
ferred guests capability. Apreferredguest isavirtual nachinethat re-
cei ves preferenceinterns of storage and perfornance, thus achi eving
near - nat i ve perf ornance. Wen running VESA it is possibletorunup
tosix preferred guests al ong wth nunerous V&V (M rtual M rtual ) guests.

ESA 390 LPARnode i s al so the only way to use | arger S 390 com
puters in Systeni 370 node. Runni ng t he ai r-cool ed and wat er - cool ed frane
ES 9000 processors (that i s, above the Mbdel 170) i n Syst emt 370 node
requires creatingapartitioninESA 390 LPARnode and definingit as a
Syst ent 370 node partition. Youthen can execute the full range of Systent
370 oper at i ng syst ens and subsystens onthe | arger systens. Thereis no
Nat i ve Syst end 370 node on t hese | ar ger syst ens.

Physi cal | y Partiti oned Mbde

Inadditiontothelogical PR SMpartitioningin ESA 390 LPAR node,
Nway nul ti processor nodel s (nodel s that have processors capabl e of op-
erati ngindependent|y) of the 9390 famly canbe physical |y partitioned. For
exanpl e, a 4-way processor unit can be physical | y di vi ded i nt o two 2-way
processor units (althoughstill physically housedinonefrang). Snmlarly, a
6-wvay processor unit can be physical | y separated i nto two 3-way processor
units (althoughstill physical ly housedinonefrang), and|ikew se an 8- vay
processor unit canbe physically partitionedintotwo 4-way processor units.
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Eachhal f of aphysically partitioned systemhasits own processor control | er
andiscontrad | edindependent|y. Physical partitioningisusedinconunction
w th ESA 390 LPAR node t o di vi de a si ngl e systeminto as many as 20
i ndependent conput er syst ens.

Comruni cat i ons—€onnecti ng t he Busi ness

(Once t he operati ng syst emand appl i cati on prograns are | oaded, the § 390
conput er i s conpl et e and t he users can begi n worki ng w th t he systemt o
performthe dai | y busi ness activiti es.

Just as a woodwor ker cheri shes a solid bl ock of nahogany, busi ness
persons cherishaccurate, tinely, and nanageabl e i nfornation. |f one ac-
tivityisnost crucial toabusiness of anysize, it istheact of conmuni cat -
inginfornationtothe proper decisi on naker. Based on the infornation
avai | abl e t o t he deci si on naker, inportant choi ces are nade that can have
far-reachi ng resul ts on t he success of the busi ness. | nproved conmuni ca-
tioninabusinessislikelytoinprove bothproductivity andprofitability.
Ironically, as abusiness grows, it becones noreinportant and nore diffi-
cut tonaintai nefficient, accurate conmuni cati ons—the very thingthat
facilitated business growthinthefirst place. Gonmuni cations difficulties
growgeonetrical |y wththe si ze of the busi ness.

Miny busi nesses, especi a |y | arge busi nesses, have personnel at nore
t han one geographi cal |ocation (beit acrosstownor aroundthe gl obe). In
these cases, it becones i nportant to provide thesedistant (or renote) per-
sonnel wthaccesstothe central S 390 conputer. H gure 2. 22 shows sone
addi tional equi prent that al l ows renote userstointeract wththe §390
conputer wthall of thecapabilities of loca users.

Thi s syst emhas a conmuni cati ons control | er, which, likealoca work-
stationcontro unit, hand esthetraffi c betweenthe renote users’ workst a-
tions and the § 390 conput er. The conmuni cati ons control | er, however,
att aches (t hrough a noden) t o one or nore communi cati ons | i nes and nan-
ages communi cati ons | i nes and protocal s (the | anguage used t o send i nf or -
nat i on over the conmuni cationsline). A therenotel ocation, onthe ot her
end, arenote workstationcontrol |l er does for renote workst ati ons what a
| ocal workstationcontroller does for | ocal workstati ons. However, the
renot e workstation control l er (al ong w th a noden) sends and recei ves
i nf ornati on over conmuni cati ons | i nes.
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Fnally, our exanpl e confi guration al so shows a second conmuni ca-
tionslinethat al |l ows t he systemto communi cate wth a di stant conput er
system Otenit is desirablefor aconpany to have two, three, or nore
conput er systens (ES 9000 or other types) distributedat different | ocations
toservethe needs of | ocal conmunities of users. Byallowngthesedistrib-
ut ed conput ers t o conmuni cat e wi t h one anot her, users of each conput er
syst emhave access t 0 conmon syst emresour ces, such as i nfornation, print-
ers, or prograns, of all conputers.
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FHgure 2.22. Acommunications control | er attaches renote workstations tothe
Systent 390 for communi cati ng wi th di stant conput er syst ens.
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Bvenfor the busi ness that needs only one conputer, it isoftendesir-
abl e t o conmuni cat e wth di stant conput ers bel ongi ng t o ot her conpani es.
Hectronic datainterchange (EJ) enabl es conpani es to el ectroni cal | y sub-
nt orderstosuppliers; torece ve ddivery schedul es, shippi ng nati ces, and
invoi ces; andtoeffect anel ectronictransfer of funds—a | through conmu-
ni cati ons |inks between conputers. ED elimnmnates the del ay
associ atedwthnail andthel ogistical headache of deal i ngwth t housands
of docunents circul ating fromi n-basket toin-basket.

The § 390 s nany conmuni cati ons options, peripheral s, and support -
ingsoftware provide users wththeflexibilitytoparticipateinnany dffer-
ent types of conmuni cations networks. This flexibility, however, canal so
cause conf usi on when tryi ng t o det er mine whi ch opti ons, peripherals, and
programproduct s are needed for a particul ar environnent. Thi s section
i ntroduces you t o the conmuni cations options avai | abl e wth S 390 com
put er s and exanines sone of the nost popul ar conmuni cati ons envi r on-
nents. Chapter 61 ooks at the communi cations options and peripheral sin
nore detail .

Inearlier tines, conputers werelikeislands, each perforning very
speci fi c tasks i ndependent of any ot her conputer. As conputer systens
becane nor e popul ar, they grewin nunber and al so spread over w de
geogr aphi ¢ di stances. A nost as an afterthought, it becane desirableto
attachrenote userstoconputers as well astolink distant conputer sys-
tens. For this reason, in 1974 | BVi ntroduced a set of communi cati ons
conventions cal | ed the Systens Network Architecture (S\B.

Thi s set of publ i shed comrmuni cati ons st andar ds provi ded a di rec-
tionfor theevol utionof flexible cost-effectivecommunications. INAi s a
set of communi cati ons standards t o whi ch | BMconmitted support as a
strategicdirectionfor future products. It defi nes conmuni cati ons proto-
col s, hardware specifications, and programmng conventions t hat nake
for coherent growt h of communi cations facilities. S nce 1974, | BMand
nany ot her conpani es have provi ded conput er har dwar e and pr ogr am
ning products that conformto SNA and SNAi s nowa w del y accept ed
di rectionfor conput er conmuni cations i nthe busi ness envi ronnent .

Q her communi cat i ons net wor ki ng st andar ds ar e al so bei ng est ab-
l'i shed inthe open systens envi ronnent i nwhi ch nany di fferent types and
nakes of conput ers cormuni cate freely with one anot her. The Qpen Sys-
tens | nterconnection (C(H) isanenerging set of standards, sinilar incon-
cept to SV that provi des a conpl et e conmuni cations architecture for the
open syst ens envi ronnent. Al t hough SNAi s evoal vi ng under | BMs control ,
A’'sevduionisguidedbythelnternational @ganizati onfor S andard za-
tion(IS)—=acommtteewthrepresentatives of nany different conpani es
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(including IBNV). 1 BVis workingto converge the SNAand C3 st andar ds
vher e possi bl e, however, andto provi de for natural conmuni cati ons
bet ween CH and SNA wher e conver gence i s not possi bl e.

Renpot e Wr kst ati ons

(ten those who need access to an § 390 conput er are not at the sane
| ocation as the conput er system I nthese cases, communi cati ons can be
enpl oyed t o provi de access to distant or renote users. The way to provi de
conput er accesstorenote usersistoprovidethemwthworkstations (that
is, displaystations andprinters) attachedto S 390 conput ers over sone
type of communi cations |ink. There are nmany t ypes of conmuni cati ons
linksinusetoday, includingtel ephonelines, fiber opticcabl es, nicrovave
stations, satelites, and conbi nati ons of these. Nonatter vhat type of |ink
isused, theprinary goal istoallowconputer systens to exchange infor-
nationefficiently.

H gure 2. 23 shows howrenot e wor kst ati ons night be attached to an
S/390 conput er over atel ephoneline. Aswthlocal users, the renote users
areprovidedwthworkstationsincludingtermnal s andprinters. The re-
not e workst ations are attached to t he 3174 Est abl i shnent Gontrol ler. This
devi ce hel ps nanage the traffi ¢ bet ween t he renot e wor kst at i ons and t he
S390 conput er. It provides the sane servicestorenote workstations asit
doestolocal ly attached workstations. The tel ephone |ine usedinour ex-
anpleiscalledaleased!|inebecauseit provides acontinuous connecti on
between the 3174 at the renote | ocati on and t he § 390 conput er at t he
nai n | ocation. The nodens at each end of the tel ephone | i ne handl e t he
el ectroni c detail s associ at ed wth sendi ng and recei vi ng i nf or nat i on over
thetel ephoneline. Inthis case, the 7861 Mbdens ar e used because t hey
al | owfor conmuni cations at upto 19,200 bits per second on | eased t el e-
phone | i nes.

Ay of thedisplays or printers discussedinCapter 4canberenotel y
attachedinthis fashion. Inour exanpl e we have a 3471 D spl ay, a 3472
Dsplay, aP92 a6262FRinter, anda4230 Printer. Al theseworkstations
areattacheddrectlytothe 3174 Establ i shnent Gontrol | er viacoaxi al cabl e,
wththeexceptionof the4230Rinter, vhichiscableddrectlytotheternn-
nal. Wththistypeof arrangenent, the 4230isstill under direct cotra of
thedistant 9390 computer. It issinplyanother way of cablingthe printer—
one that nay be nore conveni ent, dependi ng onthe user’s envi ronnent. The
PS2workstationis equi ppedwth the 3270 Gonnecti on Adapter. This pro-
videsthed ectrica interface necessarytoattachthe PS2tothe coaxial cabl e
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Fgure2.23. Renote workstations attach to a Systent 390 over t el ephone | i nes
usi ng est abl i shnent control | ers and nodens.

used wth § 390 conput ers. The software used to al | owt he PS' 2 t o conmu-
nicatewththe 390 display stationis call ed Personal Gonmuni cat i ons
3270. ThePS2iscaledanintelligent workstationbecauseit cantransfer
i nfornation back and forthwth the § 390 conput er and process i nf or na-
ti oni ndependert | y.

Ohthe 9390 side, thereis a 7861 Mdemusedto attachthe | eased
phone to the 3174 Establ i shnent Gntroller. The 3174, inturn, is attached
directlytoan 9390 1/Ochannel, thoughit canal sobe usedtoattachl| ocal
vorkstations tothe §390 conput er (not shown). The S 390 operati ng sys-
tem(that is, the ACH VTAMconponent) provi des t he necessary conmmu-
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ni cations functionstosupport therenote workstations asif they werel o
cally attached-that is, the applicationprograns running onthe S 390 com
put er need not be special |y wittento support the renote workstations. In
fact, the application programrunninginthe S 390 conput er cannat tell the
di fference between | ocal and renot e users.

I nour sinpleexanpl e, we showonly one renot e | ocati on attached
toasingl e 939 conputer. Asingl e S 390 conput er, however, nay be at -
tached t o hundreds of 3174 Establ i shnent Gontrol | ers | ocat ed t hr oughout
theworl d, supporting thousands of displays and printers. Gnversely, one
renote | ocation couldbe attachedto nany di fferent §390 conputers | o-
cated around the worl d. Inlarger networks wth nany di fferent types of
conmuni cati ons i nks, nul tipl e conput er systens, and nany users, the 3745
Gonmuni cati ons Gontrol | er (di scussedin Chapter 6) isoftenusedinplace
of the 3174 Establ i shnent Gontrol | er. The 3745 can handl e nor e commu-
nicationstrafficandprovide nore flexibility thanthe | ess expensi ve 3174
Establ i shnent Gontrol | er.

| nt erfaces and Protocol s

A conmuni cations | i ne can be thought of as a cabl e between two or nore
conput er systens. Asi ngl e conmuni cations | i ne can provi de a connecti on
to one ot her conput er across the roomor hundreds of ot her conputers
across gl obal distances. By using mul ti pl e conmuni cations |ines, a busi ness
can provi de i nfornati on froma si ngl e poi nt (such as a si ngl e conput er
systen) to users or conputer systens innany | ocations (that is, renote
users or renote conput er systens).

To be attached t o a conmuni cations | i ne, the S 390 conput ers nust
first havetheproper e ectrical interface. Theterm‘interface’ refers cal -
lectivdytothecomectar, e ectricd vatagelevd s, comector pinfuncti ons,
and soonthat are provided for the attachnent to a cormuni cations | i ne.
Sone commonl y used i nterfaces i ncl ude RS-232/ V. 24, V. 35, token-ri ng,
B hernet (802.3), X 21, and I SN It is not necessary to understand ex-
actly what all thesecryptic nanes nean, but it isinportant to knowt hat
thereared fferent types of interfaces necessary tosupport different types
of communi cations. Theinterface nay be provi ded by an i nt egrat ed adapt er
card i nrack-nounted § 390 conput ers or i n a separat e comuni cati ons
subsyst em(for exanpl e, a 3745 Cormuni cati ons Gontrol | er).

Inadditiontothedifferent interfaces, it isinportant to knowabout
conmuni cations protocol s. Just asthereared fferent rul es of granmar and
punct uationinbBngish, French, and ather | anguages, thereared fferent rul es
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for various types of conputer comuni cations. | n conputer comuni ca-
tions, aset of rulesis calleda communications protocol. Sone conmonl y
used protocol s i ncl ude Async, Bisync, SOLC X 25, | SDN TCP/ I P,
tokenrring, and Bhernet (802 3). Eachof thesedifferent protoca s has the
sane basi ¢ goal of novi ng i nfornati on fromone placeto ancther efficiently
andreliably. Each has advant ages and di sadvant ages. Sel ecti ng one depends
on user requi renents i nthe areas of transnissi on speed, cost, and conpat -
ibilitywththeother device(s) inthe network. The options are di scussedin
greater detail inCapter 6.

The Async (short for “asynchronous”) protocal is alowspeed, | ow
cost conmuni cat i ons net hod used by nany devi ces. Wt h Async, i ndi vi dual
bytes of infornationaretransnmtted (onehbit at atine) wthnofixedrel a
tionshi p between bytes. H gure 2. 24 shows one way a byt e night be pack-
aged beforeit issent over an Async conmuni cations line. Thestart bit tells
thereceivingendthat infornationis comngdowntheline. The user’'s data
folowthestart bit. Theparitybit i s usedbytherecei vingendto check for
transmssionerrorsintheuser’sdata. Analy, thestophbit signifiestheend
of thetransmssion of the character. The user can sel ect ot her organi za-
tions, suchas eight user-databits, noparitybits, andtwstophits. These
di fferent organi zations exi st prinarily because of the nany types of equi p-
nent that have usedthis protocal over the years. The specific organi zati on
used nust be est abl i shed at bot h ends of the communi cations |ink before
conmmuni cat i ons can begi n.

I nthe bi nary synchronous conmuni cati ons (BSCor B sync) protocal ,
aspecia character precedingtheinfornati on synchroni zes the recei ver wth
theinconing i nfornation. Thi s synchroni zational | ows nany bytes of infor-
nationtobesent as asing ehlock, incontrast tothe asynchronous prot ocol
invhichasingebyteissent a atine. Theabilitytosendhl ocks of charac-
ters nakes B sync nore effici ent thanthe asynchronous protocol . Bsyncis
an ol der conmuni cati ons prot ocol used by terninal s and ot her equi pnent
toexchange i nfornati onwth nany different types of conputers, including
| BMIs Syst ent 360, Systemt 370, and Systeni 390 nai nfranes. As aresult of
its past popul arity, nany of today' s conputer systens still usethis protocal .

The synchronous data link control (SCLO protocol is basically an
updat ed versi on of B sync. As wth B sync, SL.Ci s a synchronous com
nuni cati ons protocol . However, S1Cisanoreflexible protocol that is
part of IBMs Systens Network Architecture (S\Y).

The X 25 protocal isanindustry standardusedintherel ativel y new
packet - swi t ched net works avai | abl e to t he publ i ¢ today. A t hough nore
traditional communi cations networ ks are based on anal og or voi ce-type
conmuni cati ons si gnal s, packet - swi t ched networks use digital or conput er-
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FHgure 2.24. Exanpl e organi zation of i nfornation for Async communi cati ons.

like conmuni cationssigas. Snceconputer infornationisnatwrallyindgta
form packet -switched networks are better abl e to carry conput er i nf or na-
tion and can nove the i nfornati on nore qui ckly. The X 25 prot ocol used
on packet - sw t ched networks splitstheinfornati onintosnal | groups (us-
ing, for exanpl e, the A Cprotocol s as apackagi ngfornat) of digital data
cal | ed packets. Each packet isthensent toits destinationel sewhereinthe
networ k t hrough t he nost econonical and avai | abl e route. 9 nce each packet
isroutedinthe nost efficient way, overall infornationflowis inproved
over convertional techniques. X 25isfully supportedinlBVis Systens Net -
vwork Architecture.

Theintegrated servicesdigital network (1IN fitsnmore natural ly
w t h conput er conmuni cations than dothe traditional anal og signal s used
w t h t el ephone communi cations. Qurrent!|y nore popul ar i n Eur ope and
Japan, | SON communi cat i ons servi ces ar e beconing nore conmon i Nt he
Lhited Sates. Gnputers attachtol INwthadigital connection, which
el imnates the need for the conversi onto anal og si gnal s.

The Transnissi on @ntrol Rrotocol /Internet Rrotocol (TAR'IP isan+
other protocol suite (set of conmuni cations rul es) i ngeneral use and ac-
cepted as astandard. TGP | Pwas devel oped prinarilyinresponsetoUS
gover nnent agenci es’ wanting an I nternet technol ogy to connect thei r nany
di ver se systens. They want ed an “open syst emi nt er connecti on” that al -
| owned anyone to wite software for conmuni cati ng across the I nternet,
I'i nki ng di ver se har dwar e and operati ng systens i nt o one network. TGH I P
has grown i n use and i s nowsupport ed by t he operati ng systens t hat par -
ticipateinthe open systens envi ronnent .

The token-ring network (H gure 2. 25) i s a conmuni cati ons confi gura-
tionthat alowsfor acalectionof different conputer systens wthinasnal
area(wthinthe sane bui | ding, for exanpl €) to conmuni cate very efficiently.
Token-ri ng networ ks use the token-ring prot ocol (known as | EEE802. 5).
Basical |y, packets of infornati onare passed aroundt he ring (connect ed com
put er systens) fromnode to node ina continuous circle. These packets are
cal | ed nessage franes. Aunique frane, calledatokenfrane control s access
tothering
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Wen anode recei ves afrane, it checkstoseewvhether it is anessage
or atokenfrane. If it isanessagefrane, the node exanmnes the destination
addresstoseeif thenessageisintendedfor that node. |f the nessageis not
i ntended for that node, the nessage frane i s passed on unchanged to t he
next nodeinthering. If thefranerecei vedby anodeis atokenfrane, the
node knows that the networkisideandthat it nay send a nessage frane i f
it hasinfornationtotransfer. Ater it sends anessage frang, the nodethen
sends atokenfranetoindicatethat theringis againinactiveandreadyto
carry infornation.

Linksinthering canconsist of any nedi um such as coaxi al , tw sted
pair, or fiber-opticcable. Tvisted-pair, usedinnillionsof te ephonelines
connect ed t o houses and busi nesses, isthe nost popul ar, eventhoughit is
lintedinitscapacitytocarrylargevd unes of digita data (axial cabl es
have the capacity totransmt far hi gher vol unes of data, includ ng hi gh-
quality, interactive, digital datafor nul ti nediaapplications. Hber-optic
l'i nks have an even great er capacity and can ext end t oken-ri ng operat i ons
over | onger di stances. Gonmuni cationtakes placeat 1, 4, or 16 mllion
bits per second. For proper operation, atoken nust circul ate conti nuously
evenif thereisnoactivityonthering. Eechtokencontains 24 bits of infor-
nation, andtheringnust have enoughdelay built intothe processtoal | ow
thosebitstopass.

Ad-nillionbit-per-secondring canbe upto 240 neters | ong and can
connect upto 96 devi ces. A16-nl|ion-bits-per-secondring canbe uptoone
kiloneter inlengthand connects upto 260 devi ces. Miltipl erings can be
bri dged t oget her for | onger di stances. Gonmuni cati on speed i s expected to
reach 100 mllionhbits per secondinthefuture.

Anot her type of | ocal area network (LAN popul ar today i s the
Bhernet LAN(IBEE802.3). Wth B hernet, each conputer is attached as a
tap of f a conmon cabl e, or bus. For thisreason, Bhernet is called a bus-
wred network. Thus, an B hernet LANi s basical |y aparty |'i ne onwhi ch
all conputers cantransnit anessage for all other conputersto hear. Bv-
ery conput er has equal access to the cabl e and can send a nessage at any
tine wthout warning. To ensurethat only one conputer transnits at a
tine, each node fol | ows aprotocol called Garrier Sense Mil ti pl e Access/
Gl lisionDetect (CIW D whentransmtting nmessages. The nane i s
uwel dy, theprotocad sinple. Infact, it isthesaneprotoca usedinevery-
day t el ephone conver sati ons, where onl y one person can speak at atine or
neither isclearlyunderstood. Thus, the phonelinecarriesonly oneparty' s
voiceat atine, andthe nessageisclear. Thisisthe “COW part of CSW
@ nore conmonl y referredtoasthe “listenbeforetal king” protocal .
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FHgure 2.25. The token-ring network uses a t oken- passi ng communi cati ons pro-
taod .

The “CD part of the protocol handl es the tines when two nodes
start transnissi ons si nul taneousl y. Tounderstandthis part of the protocd ,
thi nk of what happens duri ng at el ephone conver sati on when bot h parti es
begintalking at the sane ti ne. Typical |y, each person stops tal ki ng and
begi ns agai n a fewnonents | ater, hopi ngthat thistine one party begins
sooner thantheother. WthCIW @ if two (or nore) nodes begi n trans-
nmttingat the sanetine, the nessages “col lide” onthe network. The nodes
nonitor for suchacad lision, andwenoneis detected, all nodes stoptrans-
ntting and begi n agai n after a pause of randoml ength. Wsual |y, one node
beg nsitsretransmssionbeforetheother, vhicha lows it togaincontra of
t he net work.
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Aswithtokenring networks, mitipl e physical cableoptions, includ
ingcoaxia, twsted-pair, andfiber-opticcad es, areavailddewthBhernet.
axi al cabl e, the nost popul ar, has athick andathinvariation. Thi ck
cabl es support a di stance of upto 2,800 neters and a naxi numof 1, 024
vorkstations; thin cabl es support a naxi numdi st ance of 925 neters and
uptol 024 vorkstations. Qrrently, Bhernet supports atransfer rate of 10
nllionbits per second, but Fast Bhernet, plannedfor futurerel ease, will
support upto 100 mllion bits per second. I n 1993, 62 percent of
Syst emt 390 est abl i shnents had B hernet LANs i nstal | ed.

Fiber Dstributed DataInterface (FDO) is an ANSI standard
(X3T19.5) for a100-ml | ion-bit-per-second LANusi ng fi ber-optic cabl i ng
(copper twsted-pair isa sosupported). This standardis basedonaring
t opol ogy and uses an earl y rel ease t oken- passi ng access net hod (sinil ar to
thetokenring capability describedearlier). The HO technol ogy i s based
onaset of couter-rotatingringsthat provideahighdegreeof reliability.
Innornal operation, theprinaryringcarriesdataandthe secondringis
used for autonati c recoveryincaseof asingepoint of failureinthepri-
nary ring. The OO standard specifiesthat stations canbeupto2kilo-
neters apart and that atotal network can cover up to 100 ki | onet ers.
Estinates indicate that 25 percent of Systemi390 est abl i shnents had O
LANs i nstal | ed by year-end 1994,

Asynchronous transfer node (ATN) is arapidy energi ng, worl d-
w de network protocol that offers very highbandwdth (uptobillions of
bits per second). Thistechnol ogy i s expectedto provi dethe foundati onfor
“network centric” conputing. ATMprovides a fl exi bl e and f ast
packet -swt chi ng service. Datatraffic, wich canbe voi ce, data, and vi deo
fromnul tipl e channel sis “mltipl exed” (multipleforns and packets of
dataaretransmtted si nul taneousl y) to provi de better bandw dth utili za-
tion. Packetswthin ATMare call ed cel | s, and each cel | contai ns 48 byt es
of data. Eachcell is preceded by a5-byte header, nakingthetotal packet
53bytesinsize Trafficcurrently carriedover LANs Wil be enul ated, en
abling current LAN based appl i cati ons to use thi s newtechnol ogy. Nati ve
exploitationwl | positionSysteni390to participateinenvironnents that
depend on net wor k- based appl i cat i ons.

Fnal ly, the Systeni390 Goen Syst ens Adapt er (di scussed i n Chapt er
3) hel psdeliver thebenefits of distributedclient/server conputi ngto your
busi ness. Two i npl enent at i ons (CBAL and CBA2) are desi gned t o del i ver
i ntegratedindust ry-standard connectivityinanearly seanhess nanner. This
enabl es the adapt er to provi de connectivitytocurrentlyinstal l ed LANs, LAN
backbones, hi gh-speedvworkstations, intelligent hubs, bridges, androuters
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i n a mxed (het erogeneous) envi ronnent. The adapt ers del i ver SNY APPN
TP I P, and | PXaccess t 0 Syst ent 390 processor s.

CBAL, announced i n Novenber 1994, provi des i ntegrated FDO ,
token-ring, and B hernet support. G822, introduced i n 1995, provi des sup-
port for SNAPassthru, TGP | PPassthru, G8A Support Facility, LPARsup-
port, HCO, token-ring, and B hernet i ndustry LANconnectivity. CBRis
t he pl at f or mf r omwhi ch Syst et 390 supports ATMi npl enent at i on.

Ext endi ng Technol ogy—Busi ness Sol uti ons
for the 1990s

A though Syst emi 390" s cor e har dvar e and sof t var e t echnol ogi es have steadi |y
i nproved over the years, perhaps the nost signifi cant busi ness benefits are
foundinits systemideintegrationof thesetechnol ogies. The fal |l owng
secti ons descri be several of the ways i nwhi ch your busi ness can benefi t
fromthisintegration. Thetopicsare presentedinnore detail i nsubsequent

chapters.

Open Bl uepri nt

IBVIs Qpen B ueprint (described nore fullyinChapter 5) provides apl an
ni ng f ramewor k for busi nesses that are startingtheir nigrationto
client/server conputing. It represents away toprotect current i nvest nent
ininfornationtechnol ogy and skills while bridgi ngto newtechnal ogi es
such as obj ect -ori ent ed programdevel opnent and nul ti nedi a appl i cati ons.
I't provi des gui dance anywhere al ong t he spectrumfrominitial eval uati on
tofull inpl enentation.

Today' s busi ness envi ronnent denands i ncreasi ngflexibilityinorder
toremai nconpetitive. Keytothisflexibilityisenablingsystens and appli-
cationstowork wth other systens and appl i cati ons bothwthinthe busi -
ness and out si de. The (Qpen Syst emFoundati on’ s O stri but ed Gonput i ng
Henment (CBHDXE) isdesignedtoenablethis, and | BVIs Qoen B uepri nt
uses thi s as a key conponent hel pi ng busi nesses toi npl enent t he sol uti ons
t hey need.

(pen H ueprint was devel oped toi nsul at e busi ness users and sof t -
var e devel opers fromt he conpl exi ti es associ at ed wth open di stri but ed com
puting envi ronnent. Its approachtothisistoviewasystemas part of a
distributed network andto vi ewt he network as a si ngl e di stri but ed syst em
I ndoi ng so, the Qren B ueprint has four naj or functions:
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* |t provides an organi zati on and struct ure i nwhi ch busi nesses can
plantoinpl enent products and applicationsinanopendistributed
envi ronnent .

|t setsout IBVIsdrectionsfor products andsa utionsinthis envi-
r onnent .

e |t guides applicationdevel opersindesigningfunctionandinplan
ningtointegrate newproducts wth products al ready i nstal | ed.

e It provides afranework for i ncorporating newtechnol ogiesintoa
di stri buted envi ronnent .

Wien i npl enent ed wi t hi n a busi ness’ s conputi nginfrastructure, the
QenBueprint all ows anetwork of operatingsystenstofunctionas asing e
netvork gperati ng system Thi s systemprovi des for nanagi ng resour ces (fil es,
dat abases, printers, transactions sof t ware packages, docunents, and so on)
across the network. Anaj or goal of the Qpen B ueprint isintegrati onor
seanhess i nteroperability, i nwhich products work toget her i nsuch away
that the user does not have to do anyt hi ng unnat ural to conpl et e work.
I ntegration produces auser’s “singl e-systenti viewaof the network. For the
user, products wll offer transparent accesstotheresources of al systens
participatinginthe networked conputi ng envi ronnent. For syst emadnin-
istrators, productswll offer sinplifiedandnore consi stent adnni stration
(di scussedinthe “Systenvi ew sectionof Chapter 7). For application de-
vel opers, thetransparent accesstoresources wll sinplify devel opnent and
depl oynent of appl i cations.

The Qren B ueprint i ncl udes connecting points (i nterfaces) andrul es
(protocal s) establi shed by both | BMand ot her i ndust ry sour ces. Those from
i ndust ry sources are broadl y accept ed st andards. Wt h fewexcepti ons, they
areincludedinX Qpen' s Ostributed Gnputi ng Servi ces (XOCS) frane-
wor k.

OpenEditi on WS

Qpenkdition MSis aset of open, vendor-i ndependent standards i ncor po-
ratedinto MG ESAVersion 5. They provi de features that bringapplication
portability and systeminteroperabilitytothe Systemi390 worl d of operat-
ing systens, specificallytoMS ESA The denand for open syst ens grew
out of businessdesirefor choiceandflexibility. Ganges wthinthe busi ness
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envi ronnent requi red that appl i cati ons be devel oped or acqui red and del i v-
ered qui ckl y, when needed. Existinginfrastructures shoul d not sl owdown
thiscaeility.

For busi nesses runni ng traditional Systent390-based appl i cati ons,
penEdition MSis IBVIs responsetothis need. (henEditionisaterm
that appliestolBMproducts participatingin open systens envi ronnents.
I ntroduced i n M ESA SP \ersi on 4, Rel ease 3, (penkdi ti on M/S added
aset of servicesthat conply wth | BEEEPortabl e Qperating Systemlnter-
face for Gonput er Envi ronnents (PCH X) standards. These servi ces con-
sist of anapplicationprogranminginterface (AR) for the Clanguage, an
extended user interface, ahierarchical filesystem acommand shel | and
utilities, and a debugger. Wsers faniliar with UN X commands can use
their skillsinmed atel y wth QoenEditi on MS

Alater level of Quenkditionsupport, inVersion5, Release?2 2, en
abl es youto port UN Xapplicationsto MY ESA expand t he scope of
PCH X applications toinclude newlUN Xfunctions, devel op and use DCE
client/server applications on MY ESA reduce costs by attachi ng ASA |
termnal s to MY ESA support LN Xapplicationsthat needto share data
i n a het er ogeneous envi ronnent, and use exi sting M/S dat abases i n a het -
er ogeneous net wor k envi ronnent .

hj ect Technol ogy

The dynanics of t he busi ness envi ronnent and t he speed w t h whi ch t ech-
nol ogy eval ves drivetheneedfor flexibilityinapplications. As busi nesses
reengi neer, restructure, and resi ze to becone nore conpetitive, obj ect tech
nol ogy (di scussed nore fully inChapter 5) changes the econonics of appli -
cation devel opnent. It hol ds t he pronise of taki ng a conpl ex busi ness
probl emand provi di ng a sol uti on usi ng sof t ware conponents t hat are
ext endi bl e and reusabl e. (yj ect technol ogy appl i cations will cl osel y nodel
the busi ness probl ens they are desi gnedto sol ve, wil be easi er to devel ap,
andw !l benoreflexibletonantain.

By definition, djject techndlogyiswel suitedfor distributedsystens
because the busi ness | ogi ¢ (that is, nethods or procedures) andthe dataare
contai nedwthinasing esoftware el enent inanapplicati on. These el enents
(oftenreferredtoas conponents) arethe obj ects that are usedindesi gning
and i npl enent i ng software. (pj ects represent real worlditens, suchas a
bank account, a custoner order, or an enpl oyee record. (bj ects canbelo-
cated anywherewthinadistributed network and w il beisal at ed f romnost
speci ficplaformcharacteristics. Thefocus of applicati ondevel opnentt fal l s
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on under st andi ng t he nar ket pl ace, the cust oner i nteractions, and busi ness
processes, rather than ontechnical el enents of programdevel opnent .

Wt h nar ket s novi ng t oward shorter product |ife cycl es, busi nesses
w ll findobject technol ogy attractive bothfor reducingthetine required
todevel opapplications andfor designingflexibleapplicationsthat create
conpetitive advantage. Wth obj ect-oriented applications, busi nesses w |
be abl e t o respond nor e aggressi vel yto shiftswthinthe i ndustry.

Dat a Managenent Alternatives

Liketheinfornati ontechnol ogy i ndustry as awhol e, dat a nanagenent al so
isexperiencingrapidchange. Dstributedclient/server conputi ng provides a
wdevarietyof clientswthaccesstolarge conputer systens. Paral | el tech
nol ogy i n bot h hardware and software i s attracting stronginterest. These
trends al | owbusi nessestoexploit their datainways that were not possi bl e
or affordabl e just 5years ago. Dat a nini ng and dat a war ehouses (di scussed
inChapter 5) are only two exanpl es of i ncreased busi ness dependence on
dat a managenent .

The conpl exi ty of nmanagi ng data i ncreases t he denand f or
cost -effective scal abl e sol utions that provi de good perf or mance and hi gh
avai lability. Aso, businessesvant tobead etodecentra i ze data usi ng nul -
tipl e vendor products whileretai ningcontrol and nanagenent of that data
These needs are driving a nore vari ed set of datatype definitions (suchas
text, sound, inage, andvi deo) that wll be supported. Relational dat abases
w || havericher support for structured data as obj ect-ori ent ed dat abases
conpl enent support of user-defined datastructures. Databases wll use par-
allel processingtechniguesinadditiontosupportingparall el functionsin
oper ati ng systens and har dware. Around-t he-cl ock avail abi | ity denands
nor e backup and recovery features appl yingto data at a nore granul ar
level. Datareplication, tw-phase conmt, distributedqueries, and hetero-
geneous dat a access ar e each ext endi ng t he busi ness use of data. hapters 5
and 7 describe | BMsinvestnentsintod sthat are accel eratingthe eva uti on
of data nanagenent .

Entry Server Ofering

The I BMENtry Server Gfering (BESD introduces a busi ness effici ent neans
of acquiring | BVIs | arge conputing sol ution. It provides asinple, conplete,
cust om packaged har dwar e- sof t war e- servi ces sol uti onthat i ncl udes t he nost
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current | evel s of ESAoperati ngsystens, an §39 Paral | el Enterpri se Server
(or EY9000 9221 nwdel ), application suites, customzedinpl enentation
servi ces, and har dwar e nai nt enance wi t h ongoi ng t echni cal support.
Sgnificant cost savings, conparedto ol der versions of |BVIs|arge
syst ens, can be achi eved. Energy costs are reduced by 60t o 90 percent ;
fl oor space savi ngs of 60t0o 80 percent are possi bl e; and perf or nance gai ns
of 10to 40 percent are achi evabl e. (The actual nmix of percent ages depends
onthe processor i nage bei nginstal | ed andthe processor | evel it repl aces.)
Qher advant ages i ncl ude expl oi ti ng exi sting |/ Oand st orage i nvest nent s
t hrough t he har dvar e- assi st ed conpressi on f eat ure avai | abl e on E3Osadl uti ons.
Wt h ESOyou can choose ten product s fromsof tware suites t hat
address cli ent/server, database, applicationdevel opnent, and syst ens nan-
agenent needs. Becausethese areincludedinthe sing epricefor ESQ you
can t ake advant age of applications that previously mght have been
unaf fordabl e or beyond the capabi | ity of your currently instal | ed processor.
Wth ESQ | BMinakes upgradi ng your processor and oper at i ng sys-
temsi npl e. Wsi ng a taped copy of your busi ness’ s current operating envi -
ronnent, |BMbuilds, tests, andinstal | s acustomzed, current-level ESA
versi on of your operating system Three full years of hardware nai nt enance
and ongoi ng t echni cal support are provi ded. Bven the purchase process i s
sinplified. Acall tolBVID rect (1-800-1 BMCALL) puts you i n cont act
wthalarge systens special i st experiencedinyour operating environnent,
viho hel ps you eval uat e your needs and sel ect fromthe options avail abl e.

PC Server 500 System 390

Yet another innovationintheworldof §390 processingisthe PCServer
500 Syst et 390. For those of youwho are familiar wthIBVIs | arge system
processor configurations prior tothe newQW5technol ogy, di scoveringa
full -functi on Syst ent 390 oper at i ng syst emr unni ng on a sui t case-si zed PC
w Il cone as a shock. This dual processing pl atformruns ona QB S 390
ni cr opr ocessor conpl ex, wth the 90 Mz Pent i umprocessor technol ogy in
aRCserver. It isdfferedinanarray nodel , i chsupparts mltiplelevel s of
RAD andinanonarray nodel . The Syst ent 390 ni cr opr ocessor conpl ex
provi des the § 390 ESAi nstruction set and runs the WIESA VH ESA and
the M/S ESA oper ati ng syst ens unnodi fi ed. Mbst S 390 appl i cations run
unnodi fied onthis server. The Penti umprocessor supports advanced LAN
functionsand CH 2 Verpwth WN Q5 2 (see detail s in Chapter 3).

Thi s server enabl es you t o use Syst ent 390 pr ocessi hg power when-
ever you need it, independent of the host system Devel opers and program



78

EXPLORING IBM S NEW AGE MAI NFRAMES

ners can desi gn, test, and create prototype S 390 appl i cati ons and
client/server applicationsinastandal one envi ronnent, wthout interrupting
appl i cations runni ng onthe host system Ewvironnents requiringtotal sys-
tens nanagenent of multipl e renote S 390 systens can usethi s server as a
distributed pl atformcapabl e of running S 390 applications whil e providing
additional C52capabilities. Renotelocations canruntheir business units
aut ononousl y whi | e recel vi ng servi ces (such as busi ness appl i cati ons,

regi onal and corporat e data, andtransparent systemnanagenent) fromthe
host. The RCServer 930 functionsas afile, print, or applicationserver,
enablingtheintegrationof 9390 intothe LANenvi ronnent; functions as a
client i nanestablished LANby runni ng LANrequest er software; and sup-
ports C8' 2 appl i cati ons.

For busi nesses usi ngthe ol der Systemi370 architecture, this server
eases thetransiti onto newer generation Systeni390 conputi ng, usi ngthe
sane architecturevihilebuildingonexistingskillsat alower cost. Itisa
possi bl e repl acenent for Syst ent 370 and ol der Syst et 390 processors, i n-
cludi ng the 4331, 4341, 4361, 9371, 9373, and 9375. Incertainsituati ons,
dependi ng on workl oads, it effectively repl aces 4381s and 9377s. Lower
nai nt enance costs, | ower energy costs, | ower connectivity costs, and envi -
ronnent al savings are potential benefits of novingtothe PCServer 500
Syst ent 390.

Qceagain, |1BVhas sinplifiedthe orderi ngprocess. For all S 390 soft-
vareorders, thedistributionisoncurrent!y supported nediaas wel | asthe
new4-nmdi gital audi otape (DAT). As part of the software order, you can
request the appropriate preconfi gured M RM Thi s starter systemcontai ns
preconfi gured S 390 syst emi nages t hat provi de a“l oad and go” system
Includedinthestarter systemare|/Odevi ce naps and aset of uniguetodsto
t ake advant age of the dual operating system(CH 2 and S 390) envi ronnent .

Enterprise Mil tinedi a Servers

Text, graphics, inages, audio, andvideoinfornationw!| bethe nediafor
busi ness conmuni cationsinthe very near future. Mtal conputing systens
w || provi de added val ue t o your busi ness by supportingthesecritica tech
nol ogi es. Systent390i s agai n keepi ng pace.
Bterprisenul tinedi acapabil ity requires the storage, processing, and
transmssionof mitinedia(al thefornslistedearlier) infornationthrough
out and beyond the busi ness. Integratingthis capabilitywthexistingappli-
cations w il nake mul tinedi a a power ful and naj or ext ensi on of exi sting
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client/server technal ogi es. Busi ness appli cations for whi ch nul ti nedi a pro-
vi des val ue i ncl ude

» Fol der nanagenent : | n nany busi nesses, nuch of the cl erical and
adnni strativeworkisrel atedto hand i ng correspondence, notes,
docunent s, phot ographs, and faxes. These are often containedina
fo der placedinafilingcabinet. They are bul ky, costlytostoreand
retrieve, and soneti nes get nispl aced. H ectroni c i nage-based fad d-
ers bringsubstantia busi ness benefit, al ready bei ng achi eved by sone
i Nsurance conpani es.

o Drect retailing: Gossy catal ogues are wde y used as one of today' s
solutionstodirect selling. Mkingthemavailableindigital form
asaninteractive miltinedi aapplicationwth enhanced i nages,
videoclips, and sound reduces the direct selling cost and ext ends
theretailer’ sreachtonewcustoners. Rrototypica applicationsare
under devel opnent t oday.

e Mtor insurance cl ai ns handl i ng: Scanni ng copi es of acci dent
reports and repair estinates into anultinedi a server enabl es
or-linehand ingof theapproval process. Mdeofilns of actual dam
age i nprove the assessnent and resul t i n qui ck agreenent onthe
anount . | nsurance conpani es reduce cost s through | ess travel by
assessors, and cust oners benefit by faster response.

e Mdiainventory: Abusinessthat produces and sel | s nusi ¢ and vi deo
(s can hal d hundr eds of thousands of nusi c tracks. Today t hese
are stored onnagnetictapethat isaging, placingthesoundtrack at
risk. Gangingtheanalogtapetodigital formenabl esthedatatobe
conpr essed and st ored on a coni nati on of nagneti c di sk, opti cal
di sk, andautonatedlibrarytape. Becauseit isdigita, it canbecop
iedflawessly nany tines. Thepossibilitiesfor userstosearchthis
dat a, choose appropriate sound tracks and video clips, and create
thei r own s opens newbusi ness opport uni ti es.

Today, | BMworks i n partnershipwththe Sony Gorporationto pro-
vi de an educat i onal vi deo- on-denand servi ce to 30 €l enentary and j uni or
schoal s i nasuburb of Tokyo, Japan. Dgita videois compressed and stored
on t he 100 gi gabyt es of di sk storage attached to an | BM9672 Ent er pri se
Server runni ngthe M/Soperating system Mdeodatafiles areretrieved by
LANServer for M5 discussedin Chapter 5. This systemsupports up to 80
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si nul taneous vi deo streans eachrunning at adatarateof 3mllionbits per
second.

Inanother joint effort, |BMand I CTV are worki ng w th Qox Gabl e
Gonmuni cati ons onauser tria project that ispipinginteractivetel evision
servi ces i nt o hundreds of hones i n Nebraska. Servi ces bei ng test ed i ncl ude
vi deo novi es on denand, nusi ¢ vi deos on denand, ganes on denand, in-
teractive shoppi ng, and educati onal i nfornati on services. An | BM9672 B+
terprise Server runni ng LANServer for MSservesasthedigital nmltinedia
fileserver becauseit canguaranteethehighquality of real -tineservicere
quiredto hand el arge vol unes of subscri bers.

The systemrequi renents for an Enterpri se Mil ti nedi a Server are
famliar. Thecritica challengeisdesignngthesystenstostore, retrieve,
transmt, present, and nanage | ar ge vol unes of nul tinedi a data. These
i ssues rai sethe further requirenents of perfornance, availability, secu-
rity, connectivity, sca ability, systemintegrity, inegrati on, anddata sher-
ing. Al of theseissues arecoveredindetail inthe subsequent chapters of
this book. Al of the conponents requiredfor nul ti nedi a are avail abl e
onthe §390 Enterprise Server. As the busi ness requi renents for mul ti -
nedianature, 390wl againbeat the forefront of deliveringval ued
busi ness sal uti ons.

Summar y

Inaneravhenthelife span of technol ogy i s neasuredinafewyears, and
sonet i nes nont hs, Syst end 390 st ands al one i n busi ness conputingw thits
evol utionary hi story spanni ng four decades. As t echnol ogi es have nodi fi ed
each conponent of the conput i ng system fromt he processor tothe storage
hi erarchy, to conmuni cations, to peripherals, andto operating systemand
appl i cati on software, Systent 390 has adapt ed t o t hose changes and has
exploitedthemt o del i ver functions critical tobusiness grovth. Rather than
yi €l di ngto change, System390 has beenaforcefor change, deliveri ng added
val uetoits busi ness partners. The renai ni ng chapters of this book detail the
i ncreased val ue your busi ness canreal i ze t oday w t h Syst ent 390.
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Syst emt 390 Pr ocessor s—
Sde-Seppingthe Tar Ats

Nowt hat you are famliar wth basic concepts rel atedto Systemi390 pro-
cessors, wew !l ook noreclosely at their architecture, configurations,
options, and perfornance. Because para | €l syspl ex i s the engrgi ng ervi ron
nent for S 390 processors, wefocusinthis chapter on processors that oper-
ateinandsupport that conputing envi ronnent. Ve present an overvi ewof
ot her Systemi390 processors, currently supported by | BMbut necessarily
not inapard |l e syspl ex enviroment, intheappend x. Athoughtheri sk of
exposingyoutotoonuchdetail ishigh wepresent theinformationinthis
chepter togveyouanagppreciationfor theflexibilityandadgptaality of the
S 390 processors.

Wththischapter, onenrereferencetodinosarsisinevitad e Gear-
acterizingthe configurations of e ectronechani cal devicesrequiredtostore
and process data (that i s, nainfrane conputers) as giant prehistoric crea
turesis apt for at | east two reasons. The nai nf ran@ conput er confi gura-
tions have beenvery | arge (i nsone i nstances they requi red space equi val ent
toawarehouse), and, by the 1980s, they shoved cl ear signs of failureto
adapt tochangesintheir envi ronnent.

Sone of the best scientificevidencefor thesizeof dinosaursandfor
their failuetoadapt hasbeenfoundintar pits, thefina restingplacefor
nany of these stoneagerelics. Intheory, these huge beasts wandered f ar
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fromtheir origina environnent inpursuit of additional resourcestocon
sune. Bventual |y, bogged domnwththeir ownwei ght, they weretrappedin
unfamliar, hostileterritory, andd ed. Systent390 nai nfranes, tothe con
trary, have shonnnoinclinationtoward sinkinginto oblivion. Far from
succunii ng i nthe rapi dy evol vi ng conput er envi ronnent, |1 BMhas gi ven
the nai nfrane the characteristicsit needstosurvive. To cay, it isadpting
very wel | and show ng heal t hy growvt h.

SHesof IBVIstraditiona processors (aswell as those nanuf act ured
by “pl ug- conpat i bl e nanuf act urers”) reached record proportions i n 1994;
indications arethat 1995 has been anot her banner year i n nai nfrane sal es.
The narketpl ace has suppliedclear indicationsthat it isnot preparedtodo
w thout these nachi nes.

A though several reasons exi st for this reboundin denand, a naj or
factor i s thenunber of changes built intothe newer nodel s. These changes
assure busi ness i nvestors of 1 BVIs conmit nent to a migrati on and adapt a-
tionstrategy that renovestherisk of investingin“trad ti ond” conputers.

The Systemi390 parall el sysplesthekeytothisstrategy. Parall e
syspl ex enabl es many current processors runni ng the MS ESAoperati ng
systemto cooperateinpara l el wth newer processors by sharing inforna-
tionthroughacouplingfacility at very hi gh speeds. Busi nesses can add ca-
pacity inincrenents rangingfromas littleas 15mllioninstructions per
second (MPS) toclusters approachi ng 10,000 MPS Qher busi ness ben-
efitsthat derivefromhepardld syspexarchitectureinc ude

+ PRotectionof existinginvestnentsinsoftware through conpatibil -
itywthprior systens.

« Qntinuallyavail il e systens, 24 hours aday, 7 days aweek, through
i nt er connect i ng syst emconponent s t hat can be renoved fromt he
systemwthout i npactingtheusersadlitytoaccess dataor applica
tias.

« Snplifiedoperati ons and systemnanageabi lity, asthenol tip e sys-
tens present a sing e-systemi nage t 0 syst emadmni strat ors.

Wien you concl ude thi s chapt er, you shoul d have a cl ear under st andi ng of

t he nagni t ude of change i ntroduced i nt o Syst emt 390 processors. You shoul d
asoseehowtheir rdeisevdvingwilerenainingcritica tobusi ness opera-
tias.
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Paral | el Sysplex—Meeting Business Objectives

Miny busi nesses requi re nore t han one processor wthinadatacenter to
ensure suffici ent capacity or toprovi de backup capabi lity. Minag ng sever a

of theselarge systens i ndependent | y creat es denand for resour ces and adds
cost tooperations. The Syst et 390 archi tect ure enabl es you to i nt er connect

nul tiplesystens andtoviewthemas asinglelogical entity. Thetermfor
thisconfigurationis“para l d sysp ex’ (sysplexisashortenedformof “sys-

temconpl ex”). Busi nesses current!y operati ng ES 9000 9121 511- based
processors or 9021 711- based processor s can use t hose processors i na par -

all el sysplexa ongwth newer 9672 nodel s (di scussed |l ater). A so, busi-
nesses can shar e wor kl oad anong t hese bi pol ar and QW5 processors to
reduce capeci ty constrai ns.

The base syspl ex envi ronnent, i ntroduced by | BMi n 1990, provi ded
sinplifiedmiltisystemmanagenent through a conponent of MS ESAcal | ed
the Oross-SystemCoupling Facility (XCF)The XCF enabl ed aut hori zed
prograns on one syst emt o conmuni cat e w t h prograns on t he sane system
or other systens. |1 na base syspl ex envi ronnent, processor i nages runni ng
M/S communi cat e usi ng channel -t o- channel connecti ons and t he shar ed
dataset. Wenthe MSinages are ondifferent conputers, a Syspl ex Ti ner
synchroni zes the ti ne on t he connect ed syst ens. These functions, alongwth
the@uplingFaci lityandcoud inglinks, d scussedlater, arecritica tonak-

i ng dat a shari ng work. Shari ng dat a anong t hese systens i s wher e your
busi nessrecel vesred val Le.

Aparall el sysplex allows custoners to dynamcal |y connect and
di sconnect systens i ntothe syspl ex wthout stoppi ng systemoperati ons.
It alsoallowsincremental horizontal growt h (addi ng newprocessorsto
the syspl ex) whi | e nai ntai ni ng a si ngl e i nage perspective. A so, the par-
alel sysplexensures dataintegrityinanenvironnent of continui ng change
where data i s freel y shared anong processor s and wor kl cads.

WWen onl y one processor has accesstodata, traditiona data nanage
nent products apply cache(aformof tenporary storage for data, a socall ed
a hi gh- speed buf f ¢ nanagenent and | ocki ng t echni ques (for control I'i ng
access to data). Wen users on nore t han one syst emrequi re access tothe
sanedata, particudarlyif theyneedtochangethedata, keepingtrack of the
status of thedataacross those systens i s essential . Thi s requi res conpl ex
routi nes for nanagi ng and updat i ng t he cache and | ocks.

Traditional |y, processors have passed nessages to reguest and aut ho-
ri ze accesstodata. The act of nessage passingrequiredthe partici pating
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systens t o st op ot her work and process t he nessage request. The conpl ex-
ity and del ays associ at ed w t h nessage passi ng i ncreased exponential |y wth
addi tional processors. If the nost recent copy of therequested datawvasin
aninternal buffer, rather than ona DA evennore tine el apsed before
the request coul d be conpl et ed.

Toeffectivel y nanage dataintegrityinthis shared envi ronnent and
t o nanage t he conmuni cat i on and seri al i zati on necessary for sharing dat a,
| BVicreat ed a newstruct ure, a conination of hardware, software, and
licensedinternal codecalledthe  Coupling Facility Accesstothe Gupling
Facilityisthroughhi gh-speed fiber-opticlinkscalled coupl i ng | i nks.These
l'i nks connect each systemi nvol vedinthe paral | el syspl ex tothe coupling
facility, providi ng hi gh perfornance wth both hi gh bandw dt h and f ast
response tine.

M/S ESAVersi on 5 provi des t he servi ces enabl i ng aut hori zed appl i -
cations, includi ng MS ESA conponent s and subsyst ens, to use t he Qu-
pling Facility services to cache data, share queues and stat us, and access
syspl ex l ock structures to i npl enent hi gh- perf or nance dat a shari ng and
rapi d recovery fromfail ures. The subsyst ens and conponent s supporting
dat a shari ng and recovery dosotransparently to (requiringnoactiononthe
part of) their godicatios.

Coupling Support
INn19A, tofulyexpat thecapability of i nterconnecting (or couding) nol -

tipleinagesinaparal l el syspl ex, | BViintroduced several conponents of
S 390 har dvar e and sof tware t echnol ogy (see Hgure 3. 1):

The Gupling Facility (9674), whichrunsthe Gupling Facility Gon
trd @de (licensedinterna code)

 Quplinglinks (hi gn-bandw dthfiber-optic cabl es) to connect the
Qupl ing Faci ity to 9021 711- based, 9121 511-based, and Paral | €l
Transacti on Server (9672) processors

» The Syspl ex Ti ner to synchroni ze ti ne-of -day (T cl ocks acr oss
al participatingsystens

- MSEAWersionb, Rl ease 1, which provides coupling services
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Figure 3.1. Aparalel sysplexconfigurationreguires severa conponents.

» Sisystensthat expoit the @ugingFecilitytransparent!lytousers
and appl i cati ons

Coupling Facility (9674)

The S 390 Goupl i ng Faci | ity nakes hi ght per f or nance, nol ti syst emdat a sher -
ingpossibl e 1t provi des hi gh-speed | ocki ng, cachi ng, and nessage i st ser-

vi ces bet ween coupl i ng-capabl e § 390 processor s runni ng M ESAt hat
arecomectedby couplinglinksinaperal lel sysplex. Toensurefault toer-
anceand high-avai | abil ity characteristics of aproducti onewvironnent, nore
thanone Gupling Facilityisrequired. Newlicensedinternal codeinthe
Qupling Facility, the Goupling Facility Control Code (CO-QCCprovi des the
functionthat enablestheparall el sysplex. TheGuplingFacilityisinpl e

nent ed i n one of t hree vays.
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The st andal one Coupling Facilitis based on t he QW5 t echnol ogy
usedinthe Parall el BEnterprise Server. There are three nodel s. The 9674
Model Q01 based on the 9672-Rl, has 1to 6 QM5 engi nes. It supports
nor e than 32 coupl i ng i nks and 2 nenory cards wth upto 1 B on each
side. Upgrades fromthe nodel A1 to the nodel s 2 or A3 are of fered.

The 9674 Mobdel C02 based on the 9672-R2, offers 1to 5 or 7 QM5B
engi nes. Anaxi numof 32 couplinglinksis supported. Wth 2 nenory cards,

thi s nodel supports a mni numof 256 MB and a maxi numof 2 (B of
processor storage. The 9674 Mdel (03 based on the 9672-R3, has 5to0 8
engi nes or 10 engi nes. Anaxi numof 32 coupl i ng | inks are supported. Wth

4 nenory cards, this nodel supports a mni numof 512 MB and a naxi -
numof 4 (B of processor storage, when coupling 511-based or
711- based ES 9000 processors. Mdel s @2 and A3 of fer 8to 10 per cent

i nprovenent i nthroughput over the nodel Q1.

The second optionistoexecute the Gupling Facility Gntrol Gxde
(A inan LPARof acentral el ectroni c conpl ex ((E) of a 9672 paral -

l el server or by running the Gupling Facility Gontrol GdeinaPRSM
LPARpartition ona 711-based ES 9021 processor. (Notethat the ES 9121
511- based processor s cannot serve as a @upl i ng Faci lity. They do support

thelntegrated Goupl ing Mgration Facility and can parti ci pat e as a con-

nectedsystemnapard l d sysp ex.)

An I ntegrated Coupling Mgration Facility (1QW) on an ES/ 9000
711- or 511-based processor or a9672 paral l el server isthethirdoption.
Initialy, | QW provi ded an envi ronnent for testing Gupling Facility
functionw th sinul atedcoupl ing links and for mgrating workl oads i nto a
paral | el syspl ex. The | CMF emul at es a conpl et e dat a shar i ng envi ronnent
W thinasingl e processor wthout using couplinglinks. This supports
i nt er connect ed comuni cat i ons bet ween M/S ESA systens i n | ogi cal
pertitions and enabl es aspecid newl ogical pertitiontypeinwh chthe LPAR
QuplingFacilityruns. Al logica partitions assignedto | QWF nust be on
the sane 390 coupl i ng- capabl e processor. Wth the rel ease of MY
ESAVersion 5, Re lease 2 2, | QW supports a producti on envi ronnent as
asing e processor.

The | QVF D spat chi ng Assi st feat ure hel ps reduce syst emover head
when runni ng the coupl i ng faci ity functi onwth shared processors. This
featurerenoves theneedfor pollingtodetermneif workis avail abl e, nak-
ingthe Gupling Facility anorelikely candi date for di spatching whenit
needs to respond t o arequest.

Wthinthe Gupling Facility, storageis nanaged as aset of objects
called structures Authorized users can nani pul ate dataw thinthe struc-
tures, each of whi ch has a uni que function.
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» The cache structurgrovides abuffer invalidationlist toensurecon
sistency of cacheddata. It al so serves as a hi gh-speed buffer for
storingdatathat canberead or wittenfromml tipl e systens.

« Thelist structurendd esgoicati onstoshere dat a-such as vork queues,
sawinfain adredaiestha aeagaizadinasa o ligs.

» The | ock st ruct ur ¢rovi des shared and excl usi ve | ocki ng capabi l ity
for serid iz ngsheredresour ces.

Processor storage i nthe 9674 nodel s can be confi gured as central
and/ or expanded storage. Al storage upgrades requirerenoval of existing
storage cards andinsta | ati on of newst orage cards, each of whi ch nust have
the sane capacity. Mdel upgrades are supported fromany nodel to any
hi gher nodel .

Bhhancedrediability, availability, adserviceability for the @uding
Fecility are achi eved by

e Q@nfiguringbathmltiple@uplingFacilitiesandnltiplecoupling
linkswththeprocessor, renvingasingepoint of falue

- \Vayingasingecoyplinglinkdf-lineadonlinefor service

« Uilizingan N+ 1 pover subsystemcapabl e of supporting a proces-
sor conpl ex for nost power supply fail ures wthout interrupting
systemoperation. Wth concurrent power nai nt enance capability,
the fai | ed power supply can be repl aced w t hout systemi nterrup-
tionat aconven ent tine.

Achi evi ng val ue fromthe Gupl i ng Faci ity regui res support fromsub-
systens that interact wth busi ness and operati ons appl i cations. Thefd | ow
i ng subsystens usethe Gupling Feci lity:

. I nformati on Managenment System Dat abase Manager (I MS DB)
uses t he | M5 Resour ce Lock Mainager (1 RLM Version 2, Rel ease 1
tosupport up to 32-way dat a shari ng. The confi guration options
i ncl ude 1 systemw th 32 | M5 subsyst ens; 8 systens, eachwthfour
| M6 subsyst ens; or 32 systens, eachwth only one | M5 subsystem
| MBt akes advant age of VSAMand C5AMdat abase buffer inval i -
dationnotificationandthe | RRMIl ock tabl e. Thi s enhancenent
isapplicabl etol M Transacti on Manager/ | M5 Dat a Base Manager
(INTMIMSCB) and A CI | M5B Nvay dat a shari ng envi r onnent s.
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INBwW | of fer dynanic workl oad bal anci ng by pl aci ng a shar ed
I M6 queue (Shared Queue Support) inthe Gupling Facility. Wth
thissupport, thesystemthat isready for vork pul | sthetransacti on
fromt he shared queue, whi ch supports aut onati ¢ wor kl oad bal -
acingacrossal INbsystensinthepard | el sysplex. Util INGpro-
vi des Shar ed Queue Support, the INBMIl ti SystemGoupl i ng (MO
featurew || bal ance workl oad for the | M§ TManong t he syst ens
intheparalle syspex. InGCS theequival ent support is provi ded
t hrough t he M/SY ESA Wor k Load Manager (WM and A CSH ex
Syst emManager (CPSV).

» Database 2 (DB2) Version &l |l ows nul ti pl e DB subsystens wthin
aparal l e sysplextoconcurrent|y access and updat e shared dat a-
beses. Thi s subsyst emseri al i zes dat a access t hroughout a dat a sher -

i ng group viathe | M Resour ce Lock Manager (I RLM) and t he
QuaingFecilitylaock structure.

« The Virtual Storage Access Method (VSAMa conponent of Data
Facility S orage Minagenent Syst ent WS (OFSVE M/S), supports
recordlevel sharinginalater release. Wsingthe GuplingFacility
w || enabl e syspl ex-w de dat a sharing of VSAMfilesinthe dCS
environnent. Inafuturerel ease, ACYESAW || expl oit VSAM
accesstodataat therecordlevel toenable QCSapplicationpro
grans to share VeAMdatawthintegrity.

« The Resource Access Control Facility (RACEses the Goupling
Facilitytoprovidealarge buffer, vhichit shareswth other sys-
tens, foritsdatabaserecords. It d sousesthel ockingcapability of
the@QuplingFacilitytoinproveitsinterna perfornance.

» The Job Entry Subsystem?2 (JES2al | ows instal | ations to define
checkpoint datasetsinthe Gupling Facility as wel | as on DA,
Hacingthis datainthe Gupling Facility provides nore rapid
access todataand ensures equal accesstothedataby mitip e JEX2
subsyst ens.

« The Virtual Tel econmuni cations Access Met hod (VTAM ovi des
network access tothe paral | el syspl ex. VIAMGeneri ¢ Resour ces
epotsthe@uiingFacilitybynaintaninginit thelist of apdi-
cations providing generic functions. Qher infornation used by
VTAVIt o sel ect the best applicationfor eachsessionisa sokept in

the Gupl i ng Feci l i ty.
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Coupl i ng Li nks

@upl i ng 1 nks are hi gh-bandw dt h fi ber-optic cabl es, onewth i ncomng
signa s (receiver) andthe other wthoutgoi ng si gnd s (sender), that connect
poi nt-to-point betweenthe Gupling Facility andal | coupl i ng-capabl e pro-
cessars. Theselinks canbep uggedwithout regerdtothestaed porer (onar off).

The 9672 RL nodel s support up to 16 coupling |inks. Li ke ESON
channel s, sender coupling |inks using ESOON Ml tipl e Image Facility (EM,F)
di scussed i n Chapt er 4, can be shared between two or nore | ogi cal parti -
tions onthe sane nachi ne. Thi s capabil ity reduces the need for coupling
l'inks. Thus, the 9672 R2 and R3 nodel s support a mini numof O and a
naxi num of 12 |inks. The Goupling Facility (9674 Mbdel s 01, 02,
and A03) re quires a mni numof 2 and supports a naxi numof 32 coupl i ng
l'inks. Boththe 9672 and 9674 accept i ncrenents of one addi ti onal |ink.

For data sharingina coupl ed systemenvi ronnent, acouplinglinkis
requi red fromeach parti ci pati ng MS ESAsystem If BEMFis used, one
l'ink per processor is sufficient. Qherwse, onelink per MSinageis
required. Toensure afaul t-tol erant environnent, |inkingtotw Gupling
Facilities and provi di ng two | i nks bet ween each syst emand t he Goupl i ng
Facility is recommended.

Twotypes of links provideattachnent at different d stances. Thetypes
nust nat ch at the Gupl i ng Faci ity and t he connect ed processor. The 50
nmicron nul ti node fi ber-opticlink provides support upto 1 kmdi stance at
approxi natel y 0.5 @ per second. The 9-nicron si ngl e-node fi ber-opticlink
provi des attachnent at up to 3 kmdi stance (up to 10 kmw th a speci al
request feature) at approxi natel y 1 @ per second. The singl e-node | i nks
canuseexistingfiber-optictrunksinstal |l edfor ESCINXCF channel s. The
m ni numof two | i nks per processor side (for ES 9000 511- based and
711-based processors) canbe net wthall miltinode, all sing enode, or a
nix of the two.

The ES 9000 511- based and 711- based mul ti processor nodel s can
have a naxi numof 4 coupling links per sidefor atotal of 8 per system
Wi | e the § 390 RL nodel nicroprocessors hol d a naxi numof 8 coupl i ng
l'inks per (BEC(at the expense of sone channel support), R2 and R3 nodel s

support 12 coupl i ng | i nks, i ndependent of channel support.
Syspl ex Ti ner (9037)

The Sysplex Tiner (9037) isatabetopunit thet provides acentra i zed source
for thetine of day. Wihit, theparall el syspl ex architecture synchroni zes



90

EXPLORING | BM S NEW AGE MAlI NFRAMES

tinereferences across nl ti pl e 390 processors, enad ingthemtointeract
wthprecision(tineisnanta nedwthin32seconds per year). Al systens
inthe syspl ex nust connect tothe sane Sysplex Tiner or toapair of Syspl ex
Ti ner s.

The Syspl ex Timer Attachmen{ 6150, 6151) provi des t he nechani sm
for settingthe tine-of-day (TQDcl ocks and for nai ntai ni ng synchr oni za-
tioninanultipl e processor environnent. Al Parall el Transacti on Server
nodel s i ncl ude the Syspl ex Ti ner Atachnent (6150) inthefirst two (B>
and f eat ure #6151 i n each of t he subsequent (BEX. These features arere-
quiredonall 9672 Mel s Eand Pparal | el servers. The Ti ner A tachnent
(6150) isavailableonal |l 9672 Rnodel s.

The External Tine Reference (ETRpual Fort (6152) attaches a pro-
cessor totwo Sysplex Tiners toensure high avail ability. The Mister ETR
Grd (6150) provi des asimlar capability when usedwththe ETRExt ernal
Gibl e (6153), whi ch connect s pai rs of 9672 Rnodel s to enabl e the sharing
of Sysplex Tiner ports. This feature enabl es 16 Syspl ex Ti ner ports to sup-
port upto 32-way processor connecti ons.

If preferred, anexternal tinesourceattachestothe Sysplex Tiner to
keeptine. Miltiple Sysplex Tiners, calledan expanded avai | abi l ity con-
figuration cankeepcorrect tineinthe event of afailure of one Syspl ex
Tiner. Inorder tosynchronizethetine, the nultipl e Sysplex Tingr units
nust be physical lywthinacabl elength of nonorethan 3 neters.

An enhancenent tothe Renote Channel Extender( 9036) enabl es t he
Syspl ex Ti ner to connect to asing e-node, pudlicright-of-way and back to
nul tinode at the other end. This all ows arenot e processor toacquireits
ti ne synchroni zation fromthe central Sysplex Tiner. Hgh-availability
appl i cations usi ng two Syspl ex Ti ners requi re four Renot e Channel
Ext ender s.

Data Sharing Capability

Intoday’ s busi ness environnent, applications frequent!y outgrowthe
capacity of thelargest singl e nachi ne. Runni ngthose applicati ons on nol -
tipl e software subsystens (for exanpl e, onnul tipl e copi es of the I nforna-
ti on Managenent System(|l M) subsysten) can provi de a pat hway for
conti nued, cost-effectivegronh. Todothat wthout duplicatingthedatato
run w t h each subsyst emrequi res t hat each subsyst emhave concur r ent
accesstothesanedata; that is, the systemnust support datasharing.
Pard | e syspl ex enad es nol ti pl e processorstosharedatawthout di s

tributingor partitioningthedata, acritica factor i nnai nta ni ng system
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availabilityandsca adlity. Mitisystemdatasheringa sosupports agreeter
nuntoer of i nqui ries agai nst a si ngl e dat abase t han previ ous si ngl e-i nage
systens. This data-sharinginpl enentationrenoves the needto partition
dataor torepartitiondatawhen addi ng another system renoves thelimta
tionof two systens accessi ngt he dat abase, and ensures that no si ngl e sys-
temcreates a bottleneck. Now upto 32 M/Sinages can access t he sane
data concurrently.

Dat a shari ng, as provi ded by t he dat abase nanager s and enabl ed by
thepard |l e syspl ex, provi des substanti a benefits conparedtoother system
dternatives. Threthreeprinary dternativesfor organizingdatainapera l e
enviroment ared stributingdata partitioningdata, or sharingdata

In distributed dat ssystens, datais divi ded anong nul ti pl e servers
(processors) wth each server connected via a network. The routi ng of
requests for data across a network i ntroduces overhead that significantly
i npacts response tinefor snal | transacti ons, nakingthisinpl enentati on
i npracti cal for workl cads consi sting of nany snal | units of work.

In partitioned dat ssystens, the dat abase i s di vi ded anong t he vari -
ous serversinthe systemand theworkl oadis distributedtothose servers
based on what dat a each needs t o access and ont he frequency of usefor the
data Thet is, aserver candrectlyaccessdatathet isdrectlyatachedtoit
and i ndi rectly (through connectiontechnol ogy) access datadirectly attached
toother connected servers. Each part of thedatais accessed and updat ed by
onyoneserver, dimnatingthepossibility of dataintegrity prodensintro
duced when nul ti pl e processors updat e t he sane data. Thi s i npl enentati on
requires splittingthe dat abase and continual | y nanagi ngit sothat the
wor kl oad remai ns evenl y di stri but ed anong t he processors. Wen t he
vor kl oad or processor confi gurati on changes, the data nust be reor gani zed.

By contrast, the §390 shared dat asyst emprovi des each server direct
and equal access (through dat a shari ng technol ogy) toany datainthe data
bese. Th sprovidesthebenefit of asind einagefor anentiredat abese, rather
thanonethat isphysicallyor logica lyal locatedtotw or nore processors.
It allowstheworkl oadto be spread based onthe server’ s utilizationl evel
rat her than by datal ocation. Wth shared data, workl oad and processor
changes donot requireareorgani zationof thedata. Acloser look clarifies
thefu | benefit of 9390 datashering

Qe berefit of thisformof datasharingis seeninthetechni ques used
todistributevarkl cad Inpartitionedand d stributed systens, as noted ear-
lier, thedatais preassi gnedto specific processors. Toensure equitabl e
wor kl oad bal anci ng, the data and wor kl oad ar e anal yzed and nat ched
accordingly. Sncetheworkisroutedtothe server that has|ocal accessto
therequireddata, hot spots (oneserver isoverutilizedwhileothers are
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under uti li zed) occur. Viarkl oad i s conti nuousl y noni tored and dat a frequent |y
red stribuedtonninzethisinpact.

I'nan § 390 shar ed dat a envi ronnent, thework is submttedtothe
server wththe nest avai | abl e capacity, since every server has equal access
tothe data. This dynanic workl oad bal anci ngrovi des nore evenl y bal -
anced (and hi gher) utilizationof eachserver, resultinginnore consistent
and shorter responsetines for users. Anoperati onal benefit i s al soderived
fromel innati ng server hot spats. Servers can be si zed cl oser tothe average
vor kl oad acrass the syst emrat her than havingtoinstal | excess capacity on
eachtohand el arge workl cads. Gnparedto partiti oning systens t o achi eve
vor kl oad bal ance, dynamic bal anci ng uses the i nstal | ed processor capacity
nareefficietly.

Li kew se, when anewserver or storageis addedtoasystem parti -
tioned and di stri but ed syst ens nust redi stri but e t he dat abase and r ebal ance
work request s to opti mze each server’ s perfornance. Thi s requi res anal ysi s
of theworklcadto determnethe best split after newresources are added.
A'so, thisoftenresutsindatabe ngunavai | abl etousers vhil ethereorga
ni zi ngtakes pl ace.

I'n &390 shared dat a envi ronnent s, addi tional server and/ or storage
capacity is addedtothe syspl ex wthout di srupting applicationworkflow
The enti re dat abase need not be unl oaded and r el caded, as workl oad i s
autonatical |y rebal ancedto use the newresources andnolengthy andl ysisi s
neededtosplit theworkl oad or data

Snilar benefitsarederivedinsituati ons werecapacityislost. Ina
partitioned envi ronnent, wenaserver fails, another server nust take over
thefaledserver’ sworkl oad, usua |y by activati ngabackupdatapathtothe
failedserver’s data. Backup servers nust bel arge enoughto hand ethe cur-
rent vork plus thevorkl oad of afail ed server, or a“reserve” server nust be
availabletopickupthat workl oad. The severity of theinpact is deternmned
by t he anount of excess capacity onthe renai ni ng processors and t he speed
wthwichanaternativepathtothel ost processor’ sdataisestadished In
dstributedsystens, by cotrast, |ossof aserver resuts, a lesst far aperiad
of tine, inloss o accesstodatacomectedtothat server.

I'nan S 390 shared dat a ervi ronnent, 1 oss of aserver resutsind nin
i shed syst emcapaci ty but mininal inpact tothe applicationinthat all
rena ni ng servers continueto have accesstoal |l data Verkl oad conti nues
t o be bal anced across t he renai ni ng processors i nthe syspl ex. Because
reserve capacityis spread across a | servers, each server runs at a hi gher
uilizationrateandusers shouldsee mninal, if any (depend ngonavail abl e
capecity), incresseinresponsetinedwingthefal weof aserver.
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Avail ability and Fault Tol erance

Thepard |l e sysp exprovi des enhanced avai | abi l ity by a | oW ng nondi srupti ve
increnental gronth, byeimnatingsing epoints of failure, and by ensuring
theintegrity and consi stency of datathroughout the entire sysplex. Wth
thistechnol ogy, any | evel of availability—ncludingfull 24-hour-a-day,
7- day- a- week oper at i ons—ean be confi gured. Data sharing, as di scussed ear-
lier, isacritica conponent inensuringavailabilityandfault to erance.
Addi tional features are d scussed bel ow

To ensure that sof t ware changes occur on a syst em by- syst embasi s
wthinasysp exwthout inpactingtheavail ability of the sysplex as awd e,

I BMintroduced software cloning This permits different M/Ssystens t hat
arepart of thesysplextosharethe sane softvarelibrari es and definitions,

al | ow ng changes t o be nade on one syst emand repl i cat ed t hr oughout t he
syspl ex. Because para | e syspl exis designedto have anewl evel of softvare
coexi st wthanoldlevel, software changes can be nade on one system
thoroughly tested, andreplicatedtothe other systens wthout i npacting
theava ladlity o thesysdex

Mi tipecoudinglinksand/ or GuplingFacilities canconnect toeach
MS ERAsystem providingflexibilityinconfiguringfault-to erant shared
datasystens. Thisisparticdarlyusefu for nmssioncritica onlinetransac-
ti on processi ng (QA_TP) appl i cation envi ronnents. MAS ESAsyst ens can be
added or renoved dynamical |y fromthe paral | el syspl ex, and t he Goupl i ng
Facility canbeconfiguredat installationtoa |l owcouplinglinks (but not
Qoupl i ng Faci ity channel s, which canbeinstal | ed at pover-onreset and
cofigredat alater ting) tobeinstaledwilethesystemisoperating This
supports horizontal grow hwthout disruption. Theinpact of schedul ed
and unschedul ed outages i s reduced, if not el i nnat ed.

The@upingFecilityad socontainsinternal betteriestoprovi de pover
tothecentra el ectronic conpl ex ((B) for ashort periodof tineduringa
pover out age. The “power save state” keeps only the nenory acti ve but for
upto B0 mnutes. Inaddition, anexternal DCpower connecti on mni nizes
therisk of extended poner out ages.

The power systemin the 9672 R2 and R3 nodel s has been enhanced
wthapover supply that offers dual prinary pover feeds. Eachfeedis el ec-
tricallyisol ated and enabl es redundant power pat hs to each server, en Sur-
ingthat asing epower outage wll not disrupt systemoperati ons. Aso, a
ocal uninterruptibl e pover system(local UPS isavailable Thisunit pro-
vi des over 5mnutes of full power hol d-upinthe event of extended cus-
toner pover |ine di sturbances.
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The 9672 R2 and R3 nodel s of fer addi ti onal advanced functionto
enhance avai l abi lity. Vilenacentral processor () stops processingwil e
inLPRnode duetoanerror, aself-test isautonatica lystarted If thetest
i s successfully conpl eted, the @Pis dynanical |y pl aced back i ntothe pod of
shared O, potential ly elinnati ng anoutage. Systens that have nore than
one (Phave the ability to dynamcal | y reassi gn a processor as a system
assi st processor (SAD) if the preassi gned processor fails. This capability,
referredto as SAPreassi gnnent, nai ntai ns continuity of 1/Oprocessi ng ad
pernitstherepair tobescheduledat anore covenient tine. Inadditionto
licensedinternal code (LIQ nai ntenance to the hardware naster consol e,
concurrent nai nt enance can be appl i ed t o channel s, service el enents, and
power control. Gncurrent nai ntenanceis availablefor al (pen System
Adapter 2 cards, al lowngthe cards to beinserted and renoved w t hout
poveri ng domn t he syst emor adversel y affectingather cards that areinuse
External |ocal areanetwork (LAN cabl es al so can be added and r enoved
wthout el ectrical danagetothe port andwthout di srupting other ports.

Qefacility previously avai | abl e on ES'9021 processor nodel sisthe
Frocessor Assist Fecility (PAD). Thisfacilitywas used onbipd ar 9021 pro-
cessors toaddress central processor unrecoveradl e errors. Becausethe Rar-
adlel EHterprise Servers areexpectedtohavefar fewer harderrors, PAFi s
not provi ded onthese servers.

Addtiond availadilitycharacteristicsof theS30famly, nat |innted
to coupl ed envi ronnent s, assi st i nachi evi ng conti nuous syst emoperati on
(24 hours aday, 7days aweek). Apartia list includes

» Subsystemst orage protectioanabl es A CY ESAto reduce system
fail ures by protecti ng subsystemcode, control bl ocks, and data
ar eas fromi nadvertent nodi ficationor destruction. This prevents
nost failingapplications fromtaki ngdown the A CSsubsystem

» Subspace Group Facilitiegavailabl e through A CS ESA \ersion 4
and support ed by MY ESA Version 5) i ncrease A CSapplication
programisa ati onthroughafunctioncal ledtransactionisol ation.
Thi s functionensures that one transacti onand/ or applicationpro-
gramcannot i nadvertent|y danage t he code or data bel ongingto
other transactions and/ or application prograns. Anapplication
at tenpting to access storage outsi de of its own subspace i s abnor -
nal |y termnated, enablinguserstoquicklyidentify andresol ve
causes of dataintegrity prod ens.
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Renot e site recoveryor | nfornati on Minagenent System( | M
dat abases and t ransact i on nanagenent resour ces i s provi ded through
IME ESAVersion 5. Thi s feat ure enabl es custoners who nai ntai n a
renot e secondary site for backup, inthe event of an extended pri -
nary outage, toresune on-line operationswthinmnutes of failure
andtonaintaindatacurrency at that renote site. A so, shadow ng
(nai ntai ni ng i n&ge copi es of databases and critical datasets) is
autonati c.

Concurrent channel mai nt enancal | ows the repl acenent of afailed
channel card w thout powering down t he system

Concur rent patch mai nt enancal | ows nost updates to | i censed
internal code (LI Q, includingthosefor the processor contrad ler,
central processor, and channel subsystem to be appliedand acti -
vat ed concurrent wth operation. FR SVMLPARLI Cpat ches are al so

i ncl uded. For 511-based and 711- based EY 9000 processors, a
beckup processor contrd ler e enent isrequiredtoperformthis nai n-
tenance,

95

The Fault Tol erant Dynamic Menory Arrays Faciliegabl es the

hardwaretodetect afailureincentral or expanded st orage chi ps,
wichit flagsandlogsfor future nai ntenance activity, andtosel ect
a backup chi p | ocat ed on t he sane nenory car d.

The Processor Availability Facilitsaves the status of the applica-
tioninprogress wieenacentra processor (@) fails ona511-based
or 711- based ES 9000 processor w th nore t han one GP, al | ow ng
the operating systemto nove the applicationfromthefailing @GPto
another @P. Thisfacility al soenabl es LPARS to recover fromnany
previowsl y urecoverad e Pfail wres. Their inherent reliability nakes
this feat ure unnecessary on 9672 QWS pr ocessor s.

M/S consol e i nt egrati omeduces t he need for backup consol es by
al | ow ng t he har dwar e syst emconsol e to i niti al i ze and recover
MAS ESAsystens inthe event the prinary consol efails.

Concurrent power nai nt enancenabl es fai | ed power supplies to be
repl acedwthout systeminterruption, a atine conven ent for sched
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ul ed nai nt enance. ES 9021 711- based nodel s support nai nt enance
of a@ s TAW whi | e ot her processors w t hi n t he syst emcont i nue
towork. Al nodel swthtw or nore processors canvary acentral
processor of f-1inefor TOMnai nt enance and vary it back on-1ine
wthout apover-onreset or | FL

» Dynamic storage reconfiguratioal | ows dynamc real | ocati on of
central and expanded storage to an LPARpartiti onwthout deacti -
vatingthe partitionbei ngreconfigured. Sorageincrenants of 4 MB
(16 MBon systens wth 2 Bof central storage) can be noved
bet veen partiti ons.

« Dynanic reconfiguration manageneral | ows | ess di sruptive I/O
configurationchanges for channel paths, contra units, and devi ces
by el imnatingthe need for a pover-onreset and IFLto definethe
new configuration. Inan ESCNenvironnent, this feature en-
abl es fi ber-optic channel cabl es tobe pl uggedinto exi sti ng ESCN
ports during syst emoperati on.

« The Hardware Configuration Definition (HCDg conponent of
the MY ESAoperati ng system defi nes the channel and 1/ Oequi p-
nent used by an § 390 conput er. M/S ESA uses the HIDt o per-
formdynam ¢ reconf i gurati on nanagenent (di scussed above).

W ESA permits the use of the HDto define the I/ Oequi pnent
once. The definition can then be used by bot h t he har dwar e and
softvare.

« The Hardware Configuration Manager (HC¥jor M/Si nt egrat es
logica cofiguwationdataas wel | as physica cofigurationdatato
provide accurate configurationreportsingragphica adtextual fom
Wth theincreasi ng conpl exity introduced into the Systent390
envi ronnent (noll ti pl e-processor envi ronnents, | ogi cal partitions,
ESON optical cables, distributionpanels, and pat ch panel s have
al contributed), managi ng physi cal data has becone i ncreasi ngly
i nportant tothe busi ness and i ncreasi ngly conpl ex t o nanage. HM
functions aredesignedtosinpli fy thi s process.

HMprovi des a user-friend y graphi cal user interface (Gl)
andisdesigedtowrkasaclient/server applicationwththe Hard
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ware onfiguration Definition (HD as the server onthe MS
host. It displays configurati ons as graphi cal d agrans, a | ow ng you
toquicklylocate objects andtoidentify their connectionswthin
thetotd configuration. As changes are nade, i nmedi at e vi sual feed
back al | ows a rapi d overvi ewof pl anned changes. Easy navi gati on,
i ncl udi ng zoonng, | ocating obj ects, andfiltering capabilities,
al lovsyoutofocus oncriticd parts of the configuration.

The HMGJ nai ntai ns t he physi cal el enents of confi gura-
tiondataandthel ogical configurationdatacontrolledby HD
I nconsi st enci es betweenthe l og ca and physi cal € enents of the cont
figurati onare highlighted. HMguarant ees correct and synchro-
ni zed confi gurati on datathroughthe rigorous validationthat HD
provi des. HoMval i dat es configurationdata, wenit isen tered,
for conpl et eness, accuracy, and conpl i ance wth connectivity rul es
and updat es physi cal andl og cal configurati on e enents concurrently.

ESOON cabl es, i nadditiontothe ESONbenefits di scussed i n Chap-
ter 4, dimnatethepossibility of signd errorsandbert pins, wich
cause out ages i n the bus and t ag envi r onnent .

Coupl i ng- Capabl e Processors

Wthinthe | BMfamly of coupl i ng-capabl e processors are four types of pro-
cessors, introducedin Ghapter 2:

Lhi processors wthasingl e centra processor (P .

S ngl e-si de processorsith two (dyadic) or nore (triadic or qua-
dratic) centra processorsthat share conmon processor storage and
appear tobe asing esystem

N-way mul ti processorswthtw or nore CPs that can be physi -
callypartitionedintotw or nore i ndependent | y operati ng proces-
sars. The Nreferstothe nuniber of central processors. For exanpl e,
an ES 9000 processor wthtwo central processorsis cal | ed a 2-vay
nul ti processor. Those wth four central processors are cal | ed
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4- vay nul ti processors, andthosewthsix central processors are
cal | ed 6-vay nul ti processors.

« M croprocessor suse newt echnol ogy and newar chi tect ure t o sup-
port verylargecentra e ectronic conpl exes ((B3) wthpotentialy
dozens of processars operatinginperald.

Processor storage, as definedinthe ESA 390 architecture and
explanedearlier, cosistsof catrad storage and expanded storage. Inlarger
S 30 conputers, twod stinct typesof storagecircuts areused onetype for
central storage and anot her type for expanded storage. Insnaller § 30
conput ers, hovever, processor storage actua |y consists entirely of centrad
storage, sone of whi chyou can definetoact |i ke expanded st orage.

Inether case, naothing seens togrowfaster thanthe conputer systems
appetitefor processor storage. Ingenerd, the nore processor storage (cen
tral and expanded) install edinan S 390 conput er, the nore work the sys-
temcan performw t h accept abl e response ti nes. Thus, as t he workl oad
appl iedtothe S 390 conput er i ncreases, so shoul dthe processor storage.

Thi s section expl ores each of the processor types and provi des
nodel - speci ficinfornati onfor the nicroprocessors. Mdel -specificinfor-
nation, aswell as upgrade paths for other S 390 processors, is descri bed
inthe ap pend x.

9121 Processors (511-Based Model s)

I'n February 1993, ei ght additional alr-cool ed frane processors (Mdel s 311,
411, 511, 521, 621, 622, 732, and 742) wereintroduced at t he hi gh end of
the ES 9000 ai r-cool ed fam |y of processors. In Novenber 1993, aninth
processor, the Mdel 522, was added. These ES 9000 processors are col | ec-
tively cal | ed t he 511- based ES 9000 pr ocessors because a | are bui It using
t he sane t echnol ogy i npl enent ed i n t he EY 9000 Mbdel 511 uni processor .
Aninproved, easy-to-understand processor nunieri ng schene i dentifies
these newnodel s. Thefirst digit of the nodel nunter, rangingfrom3to7,
representstherd ative si ze and posi ti onngwthinthe processor fanly; the
secodd gt ind caesthernunber of cetrd processors (uni-, dyadic, o nolti-);
adthethirddigit represents the nuniber of processor si des.

The 511- based processors of fer approxi nat el y 50 per cent nore per-
fornance thanthe o der 320-based processors. Thecentra processorsinall
511- based nodel s contai n a 256- KB cache (di scussedinnore detail later in
this chapter) conparedto cache si zes for t he 320- based processor s rangi ng
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from32 KBto 128 KB, dependi ng on t he nodel . S orage on 511- based
nodel scasistsetirdy of centra storage-typecircutry.

These processors fully parti ci pate i n coupl ed syst ens envi ronnent s.
@upl i ng 1'i nks connect t he 9121 511- based processors t o a Gupl i ng Faci | -
ity. THsintunprovidestheflexhilitytoneet capecity requ renants through
the coupling of instal |l ed 9121s wth ot her coupl i ng capabl e 9021s, 9121s,
or § 390 9672 i cr opr ocessor - based systens. The | nt egrat ed Goupl i ng
MgrationFacility (1QWP isstandardona | 511- based processors. The Gu
pling Facility Control Gode (CGFQOQ is not supported on the 9121
511- based processor s.

bsyst emst orage protection, the Subspace Goup Facility, FR SV
the BBEONMiltipleInage Facility (BMP), Logical Sring Assist, andthe
Asynchronous Dat a Mver Facility (ADMF) are al so standard on al |
511- based nodel s. EMF al | ows t he shari ng of ESOON channel s anong
nul tiple PR SVl ogi cal partitions. Subsystemstorage prot ecti on expands
the key-based storage pratectionfecilitiestod | owaddi tiond integrityfor
subsystens that share storage protect keyswththeir applications.

Al 511-based nodel s can be operated inful | ESA 390 node or in
ESA 390 LPAR node (di scussed i n Chapter 2). For the mul ti processi ng
nodel s, this appliestobothsing e-i nage node and physi cal | y partiti oned
node. Upgrade pat hs to t he 511- based nodel s are avai | abl e fromt he pri or
320- based processors, wththe excepti onof the 9121 Mbdel 180. Thereis
no upgr ade pat h fromt he ES 9121 processors to t he nor e power f ul
ES 9021 processors (Wt hout repl aci ngthe processor unit). |/ Odevi ces, how
ever, canbe mgrated fromES 9121 syst ens t 0 ES 9021 pr ocessor s.

9021 Processors (711-Based Model s)

Thenodel sinthisgroupareal | basedonthe centra processor desi gnof the

ES 9000 Mbdel 711. Mbdel nunbering fol | ows t he sane conventi ons as
those used for the 511-based nodel s, defined earlier. These 711-based

nodel s i ncor por at e enhanced | evel s of technol ogy that providea25to 35

per cent perfornance i nprovenent over the ol der 520- based nodel s. The
latest additiontothisline the 10-way Mdel 9X2, extends processi ng
capacity 16 to 22 percent beyond t he Mbdel 982, the previous
top-of-the-1ine ES'9000 processor. These newnadel s doubl ed t he si ze of the
second- | evel buffer (larger cache) and added a second i nput/out put pre
cessor (1 CP) onconfigurati ons wth nore than 64 channel s. The | G5 pro-

vi de backupfor eachather inevert of failure.
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Inthisfamly of processars, thereisaphysica d fference betveenthe
two conponent s of processor storage, central storage and expanded st or age.
Dfferent processor circuits are used for each and each can be expanded
i ndependent | y. The null ti processi ng nodel s do not requi re equal anount s of
expanded st or age on each si de.

Al 711-based nodel s support ESOON (basi ¢ ESOON or ESCON XOF)
and have PR SV} the ESGONMIl ti pl e | nage Faci lity, subsystemst orage
protection, data conpressi on, the Asynchronous Data Mwver Facility, and
the Qubspace G oup Faci l ity i ncl uded as standard. Upgrade pat hs fromt he
earlier ES 9000 vet er - cool ed processor s (520- based and 340- based syst ens)
to the 711- based nodel s and upgr ade pat hs w t hi n t he 711- based fam| y
have been est abl i shed

In 1994, 1 BMi ntroduced a newprocessor control | er (9022 Mbdel
1B to be shipped wth newinstal | ati ons of 9021 711- based processors. Thi s
nodel provi des enhanced reliability, i nproved SECPat ch code | oadi ng, a
50%snal | er footprint, and doubl e the nenory of its predecessor, the Mdel
1A Asnotedearlier, processor control |l ers provi dethe contra | i ng necha
ni smf or noni t ori ng and super vi si ng t he processor conpl ex. They provi de
thecontro unit functionfor the system service, and programsupport cor-
sol es and for the systeniservi ce noni tor consol e. They al so provi de adapt -
easfodspaystaiosadpiners.

The 711- based processors ful | y parti ci pat e i n coupl ed syst ens envi -
ronnents. Guplinglinks (upto4 per processor side) connect the 9021 711-
besed processorstoa@uplingRecility. Thisintunprovidestheflexibility
toneet capacity requi renents throughthe coupling of installed 9021s wth
ot her coupl i ng capabl e 9021s, 9121s, or S 390 9672 nicr opr ocessor—based
systens. Gupling Fecility Gntro Gde (GFQ) and coupl i ng | i nks t oget her
support data sharing anong mul ti pl e, interconnect ed WS ESA syst ens
runni ng i n LPARs on t he san@ 9021 processor or runni ng on ot her coupl i ng
capabl e processors. The Integrated Gupling MgrationFacility (1QMP) is
standard on al | 711- based processor s.

M croprocessors

| BMadded t hree S 390 ncr opr ocessor paral | el server configurationstothe
S30famlyinApril 1994. Theseincludedthe S 390 Paral | el Transaction
Server (9672); the 9390 Paral | el Query Server (9673); and a Goupl i ng
Facility (9674). These configurati ons a | owbusi nesses an af f or dabl e capac-
ity upgrade for existingapplicationsor anenvironnent inwhichtooperate
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newappl i cations not feasi bl e beforetheintroduction of thistechno ogy.
A though each of these configurationsis based onthe Systemi390 archi t ec-
ture, al depart fromthe general -purpose function of the ES 9000 processars
and provi de hi gh perfornance for specifical |y defi ned work envi ronnent s.

The addition, in Septener 1994, of the Systemt390 Paral | el Enter-
prise Server provi ded nore upgrade opti ons toaw der vari ety of busi nesses.
The Pra l el Bterprise Server supportstraditiona vertica upgrade peths.
ptotenprocessors can be aggregated, inincrenents as snall as one, as a
single Paral l el BEnterprise Server wthinonefrane. Beyondthat, parall €
syspl ex enabdl esthe horizonta couplingof upto32Paral lel Eierprise Serv-
ers(seeHgure3.2). Thesetechnol ogi cal changes, conbi ned w th reduced
softvarelicense charges (discussedin Gapter 7), nakethe paral e syspl ex
andPara lel En terprise Server practical andaffordabd e opti ons for nest busi -
nesses. Feat ures such as dat a shari ng and dynannc wor kl oad bal anci ng (
cussed earlier inthis chapter), enhance t he busi ness val ue of these
nh cr oprocessar sol uti ons.
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i

Figure 3.3. S390 Mdel Rnicroprocessors span the perfornance capability of the
I BI3090- 600 and t he | ow to nid-range nenbers of the ES 9000 fanily.

In 1995, | BMenhancedits famly of Systemi390 Paral | el Enterprise
Servers wth a broad range of nicroprocessors usi ng a newl evel of QB
technol ogy. These newR2 and R3 server nodel s ext end si ngl e-i nage QM5
processing2 2to2 7tinesthat of the Rrallel Eierpri se Server RLnodd s.
The newnodel s enabl e busi nesses to repl ace ol der systens, incl ud i ng t hose
equi valent to I BMs 3090 Mbdel 600J and the first generation of
ES 9021 340- based processor nodel s, wth nuch | ess expensi ve processor s.
(SeeHgure 3.3 For additional perfornance conpari sons, see“Rerfornance
Qeerview later inthis chepter.)

30 nmcroprocessors areinstal ledincentral e ectroni c conpl exes
(EX). BEach CECis an Nway Processor Lhit supporting 2- to 10-way
processi ng. The S 390 microprocessors that are configuredas the Paral | €
Transaction Server (9672) andthe Goupling Facility (9674), requiretwo
equal -si zed storage cardstobe pl ugged (instal l ed) at all tines. The base
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storage configurationis two 64-MBcards, whi ch can be upgraded wth two
128-, 256-, 512-, or 1,024-MBcards, for a naxi numcentral storage con-
figuationof 2@

For al | 9672 paral |l el server processors, all storage upgrades require
renoval of theexistingstoragecard(s) adinstd | ati ondf newstoragecard(s).
Al renoved st orage cards becone t he property of | BV

Sone of thefeatures avai | abl e onthe ES 9000 processors are not avai | -
abl e on these S 390 microprocessors. The nonsupported features in cl ude
theVector Facility, thelntegrated Gyptographi c Feature (1GRF), andthe
Frocessar Avdl laa ity Fecility.

S/ 390 Parall el Enterprise Servers (9672)

Sone busi nesses eval uat i ng t he new QWS pr ocessor s nay vi ewt hemonl y
inthecontext of rumingafulyconfigwedparallel sysplex. Thiswu dbea
mist ake. Wt h t he announcenent of 12 newParal | el Enterprise Server nod
els(picturedinHfgure 3.4) inJune 1995, aw de range of per f or nance-
enhanced nodel s provi de a cost-effective, general - purpose repl acenent so-
lutionfor d der bipd ar processors. A so, for busi nesses eval uati ng capeci ty
upgradestolarger processors, the Pard | el Eiterprise Server e imnates the

Figure 3.4. S3%Parallel Enterprise Server.
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“bigjunp” upgrades of the past. You nowhave a highlevel of granularity
that enablesyoutotreat MPSasa“just-inting” conmodity. (1nCapter 7,
ve di scuss anat her cost-efficient businessoptionfor theRard el Bterprise
Server, “The Btry Server Gfering.”)

Al curent MS W and VSE oper at i ng syst emver si ons are sup-
ported BEergy, facilities, andnai ntenance costs aresustatia ly | over, com
paredtotraditional processors. Wien mgrating froman | BM3090 or
conpar abl e processor, for exanpl €, you can reduce energy costs by upto 97
per cent, service and nai ntenance cost s by up to 65 percent, and fl cor space
use by up to 94 percent.

The six 9672 RL nodel saretheentry line of the Paral l el Enterprise
Server fanly, whi ch ranges fromt he R uni processor (roughl y equi val ent
tothe I BVI3090- 1509 to the RB1 6-way processor (roughly equival ent to
the 1 BM3090- 300J). Each nodel can be upgraded to any | arger RL nodel .
Mgration paths al so exi st tothe R2 and R3 nodel s.

These systens requi re a mni numof 128 MB of processor st orage,
whichisextendibleto2 @inincrenents of 128 MB 256 MB, 512 MB, or
1 @& Al storage above the mini num128 MBi s confi gurabl e as central or
expanded storage, inincrenents of 16 MB at power-onreset. Anini num
of three channel' s, parall el or hi gh-perfornance ESGN can be expanded
toatotal of 48inincrements of three. If nore than 24 channel s are
requi red, an Expansi on Gage nust be separat el y or der ed.

The seven 9672 R2 nodel sprovi de sol uti ons for busi nesses w t h nod-
erat e and nenory channel configurationrequirenents. Mdel R is asub-
uni processor roughly equi val ent to an | BM3090 Mbdel 150J. CEC
uni processor s i nthe newnodel groups provi de 40 t 0 60 percent nore per-
f or nance t han t he RL nodel s.

Processor storagefor the RR2 begins at 128 MBandis extendibleto
1@inincrenents of 128 MB, 256 MB, or 512 MB. For the Mxdel s R12
through R72, the mini numi s 256 MB of processor storage extendi bl eto 2
@inincrenents of 256 MB, 512 MB, or 1 (B. F gure 3.5 sumari zes
nodel confi gurati ons.

Three paral | el or four ESCNchannel s are t he nini numr equi r ed.
The maxi numfor RA2 nodel s i s 64 channel s but only up to 48 paral | el
channel s. For other nodel s, the naxi numi s 128 channel s but only up to 96
parall el channel's. Expansionisinincrenents of 3parale or 4 ESONchan
rds

The five 9672 R3 nodel sprovi de sol utions for custoners requiring
hi gher capacity and | arger nenory and channel capacities. Mdel RG, a
10-way processor, provides 30 to 60 percent greater capacity than an
| BM 3090 Mbdel 600J. Mbdel s range fromthe 5-way RB3tothe R3. A
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naxi numconfi gurati on of 32 9672 R3 nodel s coupl ed t oget her provi des
7.5t08.9tines the processi hg capaci ty of asingleinage ES 9021 Mdel
9%, thelargest bi pol ar processor provi ded by | BV These i ncreases resul t
fromi nproved desi gn as wel | as fromt he capabi ity of expandingtoten
central processors (0%) wthinasing e (C

Anmni numof 512 MB of processor storage can be extendedto 4 B
inincrenents of 512 MB, 1 B, or 2 B F gure 3.5 summari zes nodel
configurations. For al of thesenodel s, a | storage above 128 MBi s defi n-
abeat pover-onreset, inincrenents of 16 MR as central storage. Al other
storage def aul ts to expanded st or age.

Three paral | el or four ESCNchannel s are t he nini numr equi r ed.
The naxi numfor the B3 is 128 channel s wth a naxi numof 96 paral | el
channel s. Al other nodel s support up to 192 channel s but only up to 96
pardld chards.

QT2 G2 Madal Merary Paratlei EZCOH Tk
Mirviiz Chariels Chanrel = Chargels
pireMas O3 Mindax [z]

A2 -Widay processor T2dmdbBin GE o 342 <Lt e
B12 vy procesaxr  FPhiEdRS2GE SHIG 4123 138
FEd 2y processor AAGRAA/2GE A dirih ity
F32 3-Wiay proces=aor  FAGRES2GE GHG d0928 1ih
FAZ 4-meny proesssor 2EGMAA02GR A dirih it
B2 S Wiy proces=axr FAEES2GE SHIG 45123 158
P2 ey procecsar 2EGRARSZGE 24 dirin iz

SEF2 R Monlel My Fiaraile! E50OM Toka!

Miras Chizrrel = Charrels Charnals
MiwiEe 17 MinMas 2]
Fal a-Maynrocezsor  SiT04/40G0 ZHE i 24 118
FE2 5-WMay orocessor S12MBMHGE 286 47102 ig2
71 T7-MAyprocessor ARG DE ZHE g2 162

P2 8- Sy orocessor SiZMADSGER 286 4162 ig2
Fit 10-Way processor S1200040G0 ¥zl g 02
mote:

(11 Pamalizl Channal incraments by 3

(21 ESCON Channel incraments by 4

A4 COZ2 and D02 Model s ST Y Mz neaarn irrernerd s
Coupiing Linhs 2 3F 1
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Figure 3.5. 9672 R2 and R3 nenory and channel opti ons.
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Busi nesses wth Systent390 Paral | el Transaction Servers (PTSs)
and/ or Gupling Facility Mdel 1 installedcan upgradetothe newer
nodel s i n several ways. Those upgr adi ng fromt he PTS Mbdel ED3 (see de-
scriptions bel ow can, for exanpl e, separatethe singl e nodel intothree PIS
Mdel Rls. Each Mbdel RLthen can be upgradedtoa Parall el Enterprise
Server Mdel Ror R3. Fgure3.61llustrates the coni nati ons of upgrades
avalddewthintheRrdld Eterprise Server famlies.

A Har dwar e Managenent Consol e (HMD) runni ng on a PS 2 under
B2providesafull graphica interfacefor operatingmiltiple S wthin
a9%/2Parale Eterprise (or Transaction) Server. Wser applicati ons canbe
run on the sane PS 2, and a 3270 emul at i on sessi on al | ows the HMCt o be
used as an MY SOP consol e. The HMCappl i cationi s a di rect - nani pul a-
tion, dyect-orientedgraphical user interfacethat providesasing epant of
control and a si ngl e systemi nage for hardware el enents. It provi des aut o-
nat i ¢ di scovery of hardware el enents it can nanage, custoner groupi ng
support, aggregat ed and i ndivi dual rea -tine systemstatus viaco ors, con
sol i dat ed har dwar e and oper at i ng syst emnessages support, consol i dat ed
servi ce support, and har dwar e conmands targeted at a si ngl e system

Qperator tasks, suchasinitia programl oading (I FL) and power-on
reset (Rd), arecarriedout by dragginganiconof acentra e ectroni c com
plex (E) tothe appropriate task iconand droppingit. I consrespondto
changes i n stat us by fl ashi ng and changi ng t he background col or. Logi cal
(ECgroups can be set up by usi ng t he G oupi ng Task.

Asingl e HMCoperates al | configured paral | el (B3 attached t hrough
the support el enent (SE) of each 9672 CEC The HMCi s attached by a
token-ring LANtothe support e enents of the S 390 processorsit contra s.
The processors can be di stribut ed over any geogr aphi ¢ ext ent support ed by
i nt er connect ed LANs. Renot e nanual operati on of an HVCi s avai | abl e via
F1 CGattached P 2 consol es. The O stri but ed Gnsol e Access Facility
(DCAF) product is usedto providethe renove operator consol e for HMC
For addi ti onal di scussi on on renot e operation and syst emnanagenent
capabi lity, seethe di scussi on on TSO- and A0 M/Sin thapter 7.

Inadditionto providinganenduser wththeabilityto viewand
nani pul at e nanaged obj ects, HVCal so provi des appl i cati on progranm ng
interfaces (AAs). Theuser interfacetransitioning AH provides al oca
applicationwththeablitytotransfer intothe FMCuser interfaceincon
text. |BMs ESOONMnager Rel ease 3 product (di scussedin Chapter 7)
planstousethis capability. The nanagenent AHs cotaintheabilityto get
or set an HMCnanaged obj ect’ s attri butes, i ssue conmands to be perf or ned
on a nanaged obj ect fromalocal or renote application, and recei ve asyn-
chronous evert nati fi cati ons.
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Figure 3.6. Paralel Enterprise Server upgrades.

The Paral | el Enterprise Server cones wththe I ntegrated Gupling
MgrationFacility (1QWF) supportingaparal | el syspl ex test envi ronnent.

Thi s enabl es you t o becone confiortabl ewthoperatinginaparal l el syspl ex
envi ronnent before puttingit into productionacross miltipl e &3,

The (pen Systens Adapters ((BA1 and 2), discussedindetail in
Ghepter 6, providethevehiclefor comnectingthe Paral l e Eterpri se Server
tolocal areanetworks. This supports client/server operati ons for busi ness
applications or provides analternati ve nethod for connecti ng users wor k-
stations tothe processor. GBA 1 requires an i ndependent CBA cage, dedi -
catedtoits adjacent (EC Thus, the networkis attachedtothat (EC CGFA 2
supports attaching at | east one GBAcard i n each CECor 1/ Ocage, en-
abl i ng conveni ent network attachnent to each CEC and provi di ng
r edundant pat hs.
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IBVihas stated anintent to enhance t he network connectivity capa-
bilities of CBA2 by providing support for asynchronous transfer node
(ATN). This support w | be provided for Forumconpl i ant LANenul ati on
for token-ring applications aswel | as nati ve ATMsupport. A itsintroduc-
tion, datarates supportedw! | be 100 Mvit/sec and 155 Mbi t/ sec over nul -
tinode fi ber and 155 Mbi t/ sec over singl e-node fi ber.

S/ 390 Paral |l el Transacti on Server (9672)

The S30Prd | e Transaction Srver (Fgure3.7) provides pard | € process-

ingfor on-linetransaction processi ng (Q.TP workl cads. It isdesignedto
support transaction workl oads as an addi ti onal conputer system as a
repl acenent for an exi sting nai nfrang, or as anextensi onto an existing
nai franeprocessar. It participateswthather processarsinapard ld sysp ex,
or it canoperateas aparal el sysplexonits own. Transaction processi ng
vor kl oads general |y are conposed of miltiplesnal | units of work that are

Confi guration per CEC
Iufin Tofan
Central Faocessors (CFs) 2 u]
Chanmels 3 24
With Expandon Caps 3 43
Conpling Lindes 1 a,
With Expandon Cape 1 24
|:| Heardwame
Managercent | Processor Stomge (ME) 128 2048
Comscile

Eand P roodels suppodt both ESCOM 2md patatlel chanmnel=

—F rocdels prooride full-sfee pedallel channel tailgabes
—E rrodels utitize specialized pamile] channel adapters

hfaziraurn of & franees i a configuration (4 CEC frarnes; 2 expansion frares)

Figure 3.7. S93%Paral el Transacti on Server (9672) speci fi cs.
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i ndependent of each other. Thi s enabl es a | ar ge nunter of snal | -capaci ty
[rocessarsto process nany tramsacti ans cocurrertly, thet is, inpardld.

PISisavailablewth G CI ESAapplications or wththe | My TMf ea-
ture when t he dat abase nanager uses the Gupling Facility for datasharing.
(Dt a shari ng and subsyst emsupport were di scussed earlier inthis chapter.)
| ndependent sof tvare vendors (1 S) al soplanto support data sharingwth
their dat abase nanagers. Innost cases, dependingonthelevel s of softvare
installed, nodataor programconversionis required, and exi sting softvare
investnent i s preservedvhilenovingintoparal l e processi ngtechnal ogy.

The Paral | el Transacti on Server cones inavari ety of nodel s based on
the nunier of central el ectroni c conpl exes ((E3) and the type of channel s
request ed. The nodel nunbers are B t hr ough EO8 and FO1 t hr ough PO3.
Thelast digit represents the nunber of (B3, andtheletter indicates units
supporting ESCONchannel s or paral | el channel s. Each (BCcones with a
vari abl e nuniber of processor units (fromtwotosix), whi ch are upgradabl e
toanylarger configuration, not onlytothenext larger. @nfigurationswth
nor e t han one CEC can have any mix of processor units. Thi s provides a
40-fddgothpatentia for thissystem achievad einsnall i ncrenents.

Busi nesses that recei ve an advant age fromanul ti pl e (ECparal | el
syspl ex envi ronnent oper ati ng under one seria nunfber can request con-
figurations usingthe newQW5t echnol ogy. Aternatively, businesseswth
PTSconfigurations can upgrade tothe newParal | el Enterpri se Server nod-
dsRoa R

The S 30 Paral | €l Transaction Server requi res a Syspl ex Ti ner (9037)
wththe Syspl ex Ti ner Atachnent (6150, 6151), which are configured as
standard. Becausethe paral | el transacti on processi ng envi ronnent i s com
posed of two or nore coupl i ng-enabl ed systens, al | systens nust connect to
a@upling Facility wth couplinglinks connecting each S 390 processor toa
Qupling Faci lity. Rrocessor storagein each (ECranges froma nini numof
128 MB (two 64- MB cards) to a naxi numof 2 B (two 1- @ cards).

Mdel ED1to ED8 configurations support 1to8 ESwth2-, 3-, 4-
5, or 6-vay Rl-based processor unitsineach (EC These nodel s support a
m ni numof 3 ESCON channel s per CEC and a naxi numof 48 added i n
increnents of 3. If nore than 24 ESONchannel s are requi red per (BEG an
expansi on cage nust beinstalledinthefranewththe (BC Each (BCal so
nust have a m ni nrumof one coupling | ink and can have as many as 8.
Expansi on cages d | owfor the additi onof nore couplinglinks, uptoatotd
o 24

Mbdel PO1 to PO3 configurations support onetothree (B wth
2-, 3, 4,5, or 6-vay processor unitsineach. These nodel s support a
m ni numof 3 ESGON channel s per CEC and a naxi numof 48, whi ch can
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be ei ther ESONor paral lel, addedinincrenents of 3. These nodel s al so
support currentlyinsta ledpara ld busandtagcad esthrougha“tail gate.”
Each CEC al so nust have a mini numof 1 coupling |ink and can have as
nany as ei ght. Expansi on cages al | owfor the addi ti on of nore coupling
links, uptoatota of 24. Inthese nodel s, the expansioncagefitsintoa
frane besi de the (ECfrane.

PC Server 500 Systenf 390 (PC SERVER)

Inkeepingwthits strategy of providingsol utions to busi ness needs, | BV
devel oped a | ow end PCserver capabl e of runni ng bot h Syst eni 390 and
Intel -based appl i cati ons and sof tvare. The RCServer 500 Syst emd 390 (pi c-
turedinHFHgure 3.8) supports MS ESA W ESA and VSH ESAoperat i ng
systens and G5 2 and Gormuni cat i ons Manager/2 w th Networ k Trans-
port Services/2(NIS2). This sd utionprovides val ueinthree aress.

The Devel opment Wor kbench Serverprovi des a dedi cat ed,

cost-effective platformfor reduci ng appl i cati on backl og, reduci ng devel op-
nent sof tware costs, and i nprovi ng progranmer productivity. By novi ng
thisworkl oadtothe PCSERER the mai n processor resources are freed
for producti onworkl oad. Inthis configuration, the CERERI s targeted
for devel opers of Systemi390 applications, bothinternal to abusi ness and
by i ndependent sof t war e devel opers.

Dependi ng on t he devel opnent envi ronnent, nul tipl e appl i cation
devel opers can be support ed wi t h subsecond response tine. Test resul ts show
that, inadedi cated VWM QVE ESA appl i cat i on wor kl oad envi ronnent, 60
users were supported wth 32 MBof § 390 nenory, 110 users with 64 MB,
and 190 users wi th 128 MB. Responses wer e subsecond. | n a dedi cat ed
M/A TSOenvi ronnent, estinates of user support areinthe range of 30
users wth 64 MBof § 390 nenory and 50 users w th 128 MB of nenory.

Wii I e expl oi ting the productivity of 82 and §390toolsinthe
devel opnent of S 390 appl i cations, the PCSERVER provi des i nmedi at e
accesstoafull function S 390 systemfor testingand debuggi ng. PG based
systemanal ysi s/designandre-eng neeringtod s, plusthe 3G.and 4G tod s,
hel pto shorten devel opnent cycl es. As adedi cated resource for protatypi ng,
debuggi ng, andtesting, the RCSERVERI ncreases resource avai l ability by
el i nnnat i ng dependenci es on a shared host .

For systens support, the PCSERVER provi des an envi ronnent for
testingandnai ntai ning S 390 appli cations. It provi des a dedi cat ed resour ce
for systens support personnel to naintain and test operating systens
i ndependent of the production envi ronnent. An aut ononous, depart nen-
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Figure 3.8. PCServer 500 Syst emt 390.

tal environnent wthcontinual access toresources and support personnel

can i nprove operations productivity. For probl emdet erminati on/ probl em
sourceidentification (PODPI), systemprogrammers can di spl ay § 390
nenory, trace I/ Ooperations, and change control bl ocks and regi ster con-

tents. G52 provides anodern graphi cal user interface (GJ) i nproving pro-

ductivity through ease of use.

As an open/ distributed server the PCSER/ERneet s t wo separ at e
needs. For busi nesses requi ri ng syst ens nanagenent of nul ti pl e renot e sys-
tens, the RCSERVER provi des a di stri but ed pl at f or mcapabl e of runni ng
S30applicationsvhileprovidingadditiona C52capabilities. Therenote
| ocations canrunthei r busi nesses aut ononousl y. Gonsi stent servi ce, wen
needed fromt he host site, can be provi ded by mini - DAT tapes (4 nm), by
@D RM or by tel ecormuni cati on connecti ons (used onl y when transnis-
sionis necessary). Thefull functionof Systemi390is availabletorenote
sites where previ ousl y cost s nay have beenprohi bitive. Additional cost sav-

i ngs cone fromreduced adm ni strati ve expense, providi ng unattended
aut omat ed operati ons (for PCSERVERS runni ng VSH ESA), and t hr ough
consal i dat ed support resour ces.

Busi nesses t hat have noved wor kl oads i nt o LANenvi ronnent s can
alsobenefit fromthe FCSRER whichactsasaclient or aserver inthis
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environnent. The CSRERis afullyintegrated § 390 and G5 2 server
wththeflexibility of runningthe G582 LANServer, Release4.1. It can
provideservicesasafileserver ar aprint server, far exanple. Assadiet, the
PCSERVER seanhessl y parti ci pates i n LANenvi ronnent s. Busi nesses can
runtraditional Systemi390 applications and CB 2 softvare concurrently vhil e
participatinginlocal areanetworks. Sol ution devel opers can i ncorporate
their applicationsonthe CSERERandtarget thetota sol utiontoprevi-
ousl y unobt ai nabl e nar ket s.

As an entry-level § 390 serverthe PCSERVERTrepl aces ol der § 370
and l owend S 390 systens vhi | ei ntroduci ng cl i ent/ server sol uti ons vhere
they night nat haveexistedatherwse. Theinprovedreliahbility, availability,
and serviceabi ity (RAS characteristics of Systemi390, conparedto ol der
systens, can provi de i nmedi at e busi ness benefit toapplicati ons runni ng on
the PCSERVER Busi nesses experi enci ng bat ch wi ndow pr obl ens m ght
findrelief by noving applicationswth | ower usage requirenentstoaPC
FRER where, inadditionto having a dedi cat ed operating envi ronnent ,
the appl i cation al so has a dedi cat ed bat ch w ndowenvi r onnent .

The PC Server 500 § 390 (see FH gure 3.9) cones standardwth a
90- Mz Pent i umpr ocessor conpl ex with 32 MB of storage, an § 390
M cr oprocessor Gonpl ex wth 32 MBof storage, disk drivestorage (inter-
nal) of 45t011.25@ a @ RMdrive, a2 83 Mdiskettedrive, anda
4 nmDAT drive. Each systemships with IBMCE 2 Vrp for WNOB2,
Gonmuni cat i on Manager/ 2, and Server Gui de wth NetH nity (a sel ecti on of
net wor ki ng sof t ware t o support or enhance the PCserver function). The
requi red § 390 operati ng systemsoftware for VSE ESAA VW ESA or
M/S ESAi s specifiedwththe order and i s shi pped on a choi ce of sup-
ported nedi a, i ncl udi ng t he new4 nmDAT cartri dges.

Addi tional characteristics of the § 390 processor side of the PC
SERVER i ncl ude

+ QW technol ogy wth adesignuniquetothis product.

« ptional nenory configurations of 64 MBor 128 MB, whi ch
requirestheusedf anadditiond slat for pover.

« (¥2and RCserver emul ationof I/Odevices for S 390.
« 3270 displays emulated via QM2 in an 5 2 sessi on. Point and

click functions are provi ded for systemoperati ons such as | AL and
systemcortra .
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Figure 3.9. IBVIRCServer 500 Syst eni390 (cross-sectional view.

Achannel enul at or card for attachi ng devi ces such as tape dri ves,
printers, termnal control | ers. §390 DASX cannot attachtothis

system

The RCsi de of the PRCSHERERI ncl udes t hese characteri sti cs:

v 2, D5 and Wndows appl i cations run as usual , incl udi ng LAN
Srve.

exi stence i na Netware envi ronnent. To run Netwar e as a ser ver,
Netvare4d. 1for G52isrequired. Torun Netwareasaclient, G582
Requester for Netware i s required.

W to 256 MBof error correction code (EQQ nenory with 32 MB
standard and i ncrenents of 4 MB, 8 MB, 16 MB, or 32 MB.



114 EXPLORING IBM S NEW AGE MAI NFRAMES

- PCMA Adapt ers provi de connectionto token-ring, B hernet,
nul ti protocol, LG and asynchr onous transfer node (ATM. The
M cr ochannel M nf rane Gonnection (MM card i s not supported
fromthe S 390.

Sorageoptions avai lableincl ude a L3 -2 fast/wde contra ler or a
RA D(seediscussionin Chapter 2) SC3-2contro ler, configuredwth RAD
0, 1, or 5. You can defi ne groups of di sks fromanong the 17 bays avai | abl e
and set themupindifferent, i ndependent RA Dconfi gurati ons.

Apreconfigured Dw th systeminages that are “l oad and go” i s
avai | abl e. These systens are special |y tail oredto nake best use of the RC
SERVER devi ce nanager s.

A Closer Look

Nowt hat ve have revi ened the functi onal characteristics of ind vidua nodd s
of the IBVIS 300 famly of conputer systens, the renai nder of thi s chapter
provides acl oser | ook a specific el enerts of these syst ens:

« Pocessor Achitecture
«  Pocessor otions

« Perfornance Orervi ew

Processor Architecture

The configuration of aconputer systemsinternal el ectrica conponents
iscaleditsarchitecture. Thearchitecture underliesall systemfunctions
and set s the boundari es for the behavi or of the conputer system (Soft-
war e det er mines howt he conput er act ual |y behaves i n speci fi ¢ situa-
tias.)

The 930 famlyisdefinedas al those systens that conformtothe
ESA/390 architecture. That i s, when properly configured, any nodel can
runany programwittenfor the ESA 390 archi tect ure, whi ch enconpasses
theearlier Systemi360 and Systemt 370 architectures. Thus, al the nodel s
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wthinthe S30famlyare, by definition, softwareconpatible. Despitethis
simlarityinsoftvarearchitecture, indvidud nadd scand ffer intheir herd
varearchitecture.

Havi ng a basi ¢ under st andi ng of the S 390 har dwar e architecture
nakes it easier to conpare S 390 conputers wth other systens andto un-
derstand i nportant aspects of systemperfornance and capaci ty. Unhder st and-
ingthe S 390 hardware architecture beginswthal ook at howi nf ornati on
isstoredinsidethesystem

St or age Addr essi ng

The snal | est piecedf infornati onthe conputer recognizesiscalleda bit. A
bit can have one of twovalues, alor a0, storedinanextreney snal l
electroniccircuit calledastorage or nenory circuit Btsaregroupedinto
bytes(8hits), half words(16bits), and full words(32bits) insidethe com
puter toformrepresentationof nunbers, letters of the al phabet, and
instructions of aprogram Goups of 26 bits (S 370 node) and 31 bits (a |
other nodes) are usedtospeci fy or identify uniquely the address for any of
thennllions of nenory circuits that conpri se processor storagewthinthe
conput er system The nore address bits a conput er systemsupports, the
greater arethe coni nations of 1sandOs avai | abl e and, therefore, the nore
processor storage that can be addr essed.

Al programi nstructions and dat a used by the centra processor(s) are
storedinprocessor storage. Thecentra processor nust access that storage
and retri eve each programi nstructi on and each el enent of dat a needed dur -
ingtheexecuiond aprogram Todothis, circutryinthecetrd processor(s)
generates a real address whi ch corresponds tothe physical locationinpro
cessor storagethat ishddingtheneededinfornati on. Fortunately, program
ners need not concern thensel ves wth nachi ne detai | s |ikereal addresses.
They use an easi er-to-nanage  virtual address whichisthekeytoapoverful
concept called virtual storage The process of derivingrea addresses from
virtual addressesis acornerstoneinthe Systemi370 and Syst et 390 archi -
tectures.

H gure 3. 10 shows howa conput er systemtransl ates avirtua address
intotherea addressfor aneededpiece of datal ocatedinprocessor storage.

Redl addresses aregenerated usinginfornati onfromtranslationtad esca l ed
segnent tabl esand page t abl esconti ned wth i nfornati on contai ned wthin
thevirtual storage address referenced by the progranmer i na progranm ng
instruction. Thesetabl esarel ocatedinprocessor storage.
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Figure 3.10. Mrtua addressto-real addresstranslation process.

Asolocatedinthe central processor are regi sters hi gh-speed
vor kspaces used for tenporary storage of datato be usedincal cul ati ons,
thecacu ationresults, andstatusinfornation A base control registeor an
access regi stercontains apointer tothe Segrent Table Qi gin (STO Base
cotro reg sters conta nthe address space pa nters; anaccess reg ster corr
tainsthedataspacepointer. Dfferent cotrd regstersareinvd vedinthe

transl ation process, dependingonthetype of address.
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Aportionof thevirtual address, inconjunctionwththe specified
Segnent Table @igin, isusedtose ect anentry fromt he segnent tabl e. The
first fewbitsof thevirtua address act as ad spl acenant intothat segnent
table pontingtooeentryinthetab e Theva vestoredinthet | ocati onof
the segnent tablepointstothebeginning of still another table, caledthe
page t abl e

Aswiththe segnent table, part of thevirtual address acts as adis-
placenent intothe pagetable, pointingtooneentryinthe pagetabl e. The
valuestoredinthat |ocationof the pagetabl e pointstoone of the nany
4- KBareas ( pages) of processor storage. Findly, thelast part of thevirtual
address acts as ad spl acenent intothat page of processor storagetopoint to
the physical nenory circuits wthinthat page-thereal address that hol ds
theinfornation needed. Theinfornationinthat locationis thenread and
providedtothecentra processor.

Sncethevirtud addressistranslatedintoareal addressinmed atey
upon denand, the transl ationprocessis call ed dynani c address transl ation
Thisisquiteaconpl ex and ti ne-consuning process to gothrough for every
access to processor st orage-especi a |y when you consi der that every sing e
programi nstructionand every piece of data used by the central processor(s)
nust at one poi nt be read fromprocessor storageinthi s nanner. For this
reason, another el enent, not showninthefigure, has beenincludedin
ES 9000 processors (and earl i er System 370 conputers as wel l) to stream
lineth sprocess.

The transl ation | ook- asi de buf fer (TLBs a specia storage areathat
acts as a cache—aut onati cal |y renenfoeri ng t he nost recent |y used vi rt ual
addresses andtheresul ts of the dynanmic address transl ati on for each (t hat
is, thereal page address). Gonputer prograns, by nature, tendto create
sequential accesses to processor storage. This neans t hat the accesses to
processor storage usual |y stay wthinasing e 4-KBpage of processor stor-
age for nany cycl es. S nce dynanic address transl ati on has t he sane resul t
for al processor storage accessestoagi venpage, the TLBusual Iy provi des
thevirtual -to-rea addresstranslationresutswthout havi ngtogothrough
thetine-consuning cal cul ations just described. That is, the TLBi nproves
the overal | systemperfornance by providing nost of thevirtual -to-rea
address transl ati ons wthout performing any of the cal cul ati ons.

If the dynanmc address transl ati onassoci atedwthvirtud storageinp e
nentati on seens conpl i cated, it is. Sowy nust we havethislevel of indi-
recti on between vi rtual addresses and real addresses-that is, Wy i npl enent
virtud storageat dl?Theansver isthat thevirtual storage gpproachal | ons
the operating systemto nask detai | s of the conputer systems storage hi er-
archy (centra storage size, expanded storage size, and DAL, for exanpl €)
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sothat the conputer systemappears to prograns and users to have as nuch
central storage as necessary (evenwenit physical |y does nat).

Beforevirtual storage, conputer progranmers and users had t o con
cernthensel ves wththe physi ca anount of central storageavailableonthe
conuter systens. Oeadl of theinstaledcentral storageisinuse, nonare
newacti vi ties can begi nand any ot her users are deni ed access tothe system
Thetranslationfromvirtual toreal storage provi des anopportunity for op-
erating systens t o nanage t he storage hi erarchy sothat processor storage
seens unl i nted, wii chrelieves programmers of this concern. The users of a
systemsupporting virtual storage seemt o have nuch nore st orage avai | abl e
tothemthanis physical lyinstalledinthe system because the operating
systemexpl oitsthevirtua storage dynanmc address transl ationprocessin
order toqui ckly swap pages inand out of centra storage as needed t o neet
user denands.

The novenent of infornationanong central storage, expanded st orage,
anddisk storageis hand ed prinarily by the operati ng systemrunninginthe
S 390 conputer, throughatechniqueca led paging Wenauser tellsthe com
puter tostart anaccounting program the conputer attenpts tol cad the needed
portionaf theaccounti ng programi nto processor storage. If therei s no space
left incentra storage, sonespaceisnadeavail dd eether by overwitingan
inacti ve portionof aprogramor by “  swappi ng sone i nacti ve dat a fromcen-
tra storagetoatenporary storage areaca | ed page space Wi chi s inexpanded
staorageor ind sk storage. The needed parti on of the accounti ng programi s then
loadedintothe central storage space nownade avai | abl e, and t he user can
begi n usi ng t he account i ng program

If the programt hat was overwittenor the datathat was swapped out
topage spaceis needed agai n, it i s rel caded fromexpanded st orage or di sk
storagetosone other avail abl ecentral storagearea. Asbefore, if nocentra
storagespaceisavailad e, it iscreatedby overwitingor swappi nginforna:
tiontopage space. Inthisway, the operating systemi npl enentingpagingis
constant |y swappi ng prograns and dat a bet ween central st orage and page
space-H effect, robbing Reter to pay Paul .

Pagi ng al | ows t he naxi numsi ze programor coni nati on of al | pro-
grans and datatobe linnted only by t he conti ned anount of central stor-
age and page space rat her than by the anount of central storage a one. 9 nce
pagi ng i s done by the operati ng systemby expl oi ting virtual storage capa-
bilitiesdefinedinthe ESA 390 architecture, neither programmers nor the
users need t o concern thensel ves wth central storage size. Tothem the
systemseens t 0 have as nuch central storage as they need. They are never
nade avare that i nfornationis constantly novi ng fromcentral storageto
page space and back agai n.
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Athoughpagingisapoverful systemfeature, it cones at aprice. The
swappi ng between central st orage and page space i s processi ng over head,
whi chcanreducethe overa | systemperfornance. Thiseffect isanplifiedif
page space i s onthe sl oner di sk storage provi ded by el ectronechani cal DAS>
rather thanonfaster expanded staorage circuitry. Alittle swapp ng does not
hurt perfor nance appreci abl y; but t he nore swappi ng, the nore syst emper -
fornance i s reduced. Wen t he pagi ng get s excessi ve, the systemi s thrash-
i ng, or spendi ngtoo nuch tine swappi ng i nfornati on between central storage
and page space. Thrashi ngi s reduced by i ncreasi ng t he anount of central
storageinthe conputer systemby insta lingthe appropriate centra storage
expansi on opti ons. Thi s reduces the need for pagi ng.

Aternatively, instaling nore expanded storage provi des nore page
space inthe faster expanded storage. This al | ows for nore pagi ng bet ween
central storage and expanded st orage and | ess between central st orage and
the sl over disk storage. Fnal |y, nanagi ng t he syst emby reschedul i ng vork
for off-pesk peri ods a so hel ps reduce t hrashi ng.

Low End Processor El enents

Asinpl e bl ock di agramof t he nachi ne organi zati on used i nt he ES 9221
uni processors, shoninFgure3. 11, illustratesthebasi c hardvare e enant s.
Asvesawearlier, thecentrd processor istheheart of thesystem Thisisthe
circuitrythat actua |y execut es aconputer programs instructions and per-
forns all of thenat henatical cal cul ations.

The central processor concept ual |y consi sts of five besi c €l enert s:

+ Cache

« Hoating Roint Execution Uhit

*  Gneral - Rurpose BExecution Lhit

« Ontrol Sorage

- Rgsters

The cacheis ahi gh-speed storage areawthinthe central processor
that hol ds the progranming i nstructi ons and associ at ed dat a about to be

executed by thecentra processor. It isthejobof thecachetoretrieve (from
processor storage) adtohd dtheinstructionsanddatathat arelikeytobe
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Figure 3. 11.

Machi ne or gani zat i on of rack- nount ed ESY 9000 uni pr ocessor nodel s.

needed very soon by the central processor. Asthey are needed, theinstruc-
tions and associ at ed dat a are pul | ed fromt he cache and processed by one of
tw units (describedlater), dependingontheinstructi onto be executed
The floating poi nt execution uniits speci al i zed t o perf or mnore effi -
cietlythefloatingpoint arithneticinstructi ons.

The gener al

instructions, includingthosethat noveinfornationor performsi npl e nat h-
enatica o logca fuxctians.

- pur pose execution unilhandl es al| of the rest of the
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The control storagd s another hi gh-speed storage areathat hol ds the
nost conmonl y used | i censedinternal code (LIQ. LIG a socal |l ed mcro-
code, isaset of programiminginstructions, providedwth every ES 9000
processor, that is usedto guidethe general - purpose executionunit inthe
execution of conpl ex progranmm ng i nstructions. Al though the
gener al - pur pose execution unit circuitry executes sinpl e progranm ng
instructions (75out of thetotal 229 progranminginstructions definedin
the BSAI3%0 architecture) directly, aseriesof nicrocodeinstructionsis
executed toi npl enent the conpl ex progranming i nstructions. S nce there
arenore LI Cinstructionsthancanfit incontro storage, sone nust resi de
inareserved areaincentra storage and be swappedinandout of contral
storage as necessary.

Frdly, the registers asnotedearlier, provi deahi gh speed vork space
for tenporary storage of detatobeusedinca cu ations, calcu aionresuts,
and stat us i nf ornat i on.

Theactivities of thefivecentra processor € enents are coord nated
byasingleelectronicsigna caledthe Systemd ock the heartbeat of the
conputer system It isthetinereferenced thecertra processor, settingthe
pecefar dl centra processor activity, includ ngeachstepinthe executi onof
aprogram Qe pul se or beat of the systemclockis calleda machi ne cycl e

Thetine durati on of one nachine cycleis calledthe systems cycle
time Al other things bei ngequal, the perfornance of the conputer system
isdrectlyproportiona toitscycletine Becaused | ather things arenct
equal (the nunter of cycl es requiredtoexecute eachinstructionvaries, for
exanpl €), nany ot her aspects of a conput er work t oget her wth cycl etine
todefinethe overal | perfornance of aconputer system It canbevery nis-
lead ngtouseind vidud specificationssuchascycletineor anyother sing e
factor asaqguidetooverall systemperfornance.

Soneof theactivitiesthesed fferent central processor € enent's per-
formoccur inparal | el . For exanpl e, the general - purpose executi on unit can
beinthe nmdd e of performngacal cul ationwhileanother instructionis
retrievedfromthe cacheandtheresult of apreviouscad cu ationis stored —
a | duringthe sane nachi ne cycl e. This overlapof activity duringasingle
nachi ne cycleis called pipelining Wenupto four things are goi ng on
dringasingenachinecyd e, thesystemhas afour-stagedppeine. Rpdinng
enabl es the central processor to performnorework inagiven period of
tine, whichusua lyinprovesthe overal |l perfornance of the system

Thecentra storageshominFguwe3 1listheset of eectroniccir-
cutsthat provides awork spacefor thecentral processor. It hd dsthepro-
granmaing i nstructi ons and associ ated datathat areready tobetransferred
tothecentral processor and executedat anytine. It a sohd ds any i nf orna-
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tionthat isvaitingtobesent tol/Odevi ces such as conmuni cations |ines or
t he DASD.

Two different schenes areusedtoprotect theintegrity of theinfor-
nation storedincentral storage: key-control | ed storage protecti and
error detection/correcti onBvery central storagelocati onconsistsof 32bits
of infornation(aful vord). Inadditiontothe32hits of infornation, each
wordincentral storage has associ atedwthit other bitsthat are usedto
i npl enext key-control ledstorage pratectionand error detecti o/ correction.

For every page of central storage, thereisaunique 7-bit storage key. Ay
programw shi ng t o have access to that page of central storage nust first
present the proper 7-bit storage key. Rrograns that do not have t he proper
7-bit storage key arecalled  unaut hori zed prograns Key-control | ed st orage
protection hel ps prevent one programfromacci dental |y or intentiona |y ac-
cessingor corruptinginfornationstoredinacentra storage area bei ng used

by anot her program

Uhaut hori zed appl i cati ons use st orage-protect key 8. Nornal |y t hese
applications areisol ated fromeach ot her by bei ng pl aced i n separ at e
address spaces. The operati ng syst emor subsyst ens t hat occupy t he sane
addr ess space as the unaut hori zed appl i cati ons generd |y use st orage prot ect
keysOto7toprotect thensel ves fromthose appli cati ons. Hwever, there
are ti nes when subsyst ens such as the Gustoner I nfornation Gntrol Sys-
tem(ACS nust runw th storage-protect key 8inorder tonanageits
applications. Snce @CSandits applications are bothinthe sane address
space, runningwththe sane storage protect key, G CSstorage viol ati ons
canoccur. Subsyst emst or age protecti gorovi des an addi tional , but special,
unaLt hori zed protect key for those applications. It isakeyintowhicha
subsystemrunninginkey 8canstore, but it prevents the applicati ons from
storingintothe subsystem Previously, key 8 was prevented fromstoring
intoany other key-protected storage. | npl enentati on of subsyst emst or age
protectionfor ACSis through § 390 nicrocode, the WS ESAoperating
system and t he A C§ ESA subsyst em

Inadditiontokey-control |l ed storage protection, the ESA'390 archi -
tectureprovidestw other pratectionfacilities: page protectionafacilityto
control accesstovirtual storage and prevent i nproper storing, and | ow
address protectignafacilitythat provides protecti onagai nst destructi on of
nai n storage i nfornation used by the GRUduri ng i nterrupti on processi ng.

Toinplenent errar detecti o/ correction, severd other extrahits ( check
bits) aregeneratedfor every full wordand storedwththat wordincentra
storage. Thecheckbits arebasedonthe val ues of the 32 bitsstored at that
perticu ar location. Intheevert that 1or 2of the32bitsinthat full vord
are sonehowcorrupted, theerror correctioncircuitry detectstheer ror. If
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onyld thehbtsiscoruted asisusudlythecase thecheckbitsactu
dlyrestorethecoruptedbit andcorrect theerror. If 2or norebitsinthe
32-bit word have been changed, the error nay not berecoverable. Inthis
case, thegperati ngsystemi s natified

Tofullyinpl enent the ESA/ 390 architecture, expanded storageis
requi red. Sone ES 9000 processors neet this requirenent by al | owngthe
systemoperator toidentify anareaof central storagetobetreated as
expanded storage. By having part of the centra storage behave as expanded
storage, users arefreetorun ESA 390 prograns t hat use advanced dat a
struct ures (such as H perspace, discussedin Chapter 5) provided by
expanded st orage. 1 nthese ES 9000 processors, cooperationof the central
processor and central storageis essentia toexecute prograns.

A so of paranount i nportance tothe perfornance and functi oni ng of
aconputer systemisitsabilitytoexchangeinfornati onwth devices out-
sidethe processor unit—ranel y, |/ Odevi ces. Twoarchitectura aternatives,
syst embuses or channel s (both are shownin F gure 3.11) are avai | abl e vihen
attaching 1/ Odevi ces to BE5 9221 processors. Wthether aternative, infor-
nat i on fl ows between the |/ Odevi ce and t he processor st orage under the
control of the Bus Adapter

Wththe systembusapproach, Dual Bus Link cards areinstalledin

slots providedinthe ES 9221 processor unit, each capabl e of control ling
two systembuses. (otional card units (wichactual Iy contai nthe group of
wresthat conpose a syst embus and nechani cal slotsthat accept integrated
|/ Oadapters) areinstal ledinthe processor rack or an adj acent rack. These
inegratedl/Oadaptersarecircut boards that house the circui try necessary
tocontro various I/ Odevi ces, includ ng DAY, tape drives, and conmuni -
cati ons equi pnent .

Infornation fl ows over asystembus at arate of upto 6.5 MB per
second. Ml tipl e systembuses canbeinstal | edinasing e ES 9221 proces-
sor. Each |/ Obus operat es i ndependent|y, wthout interferingwththe ot her
syst embuses. Thus, the nore syst embuses, the greater the fl owof i nf or na-
tion. Snceaconputer spends alot of itstinenovinginfornation, having
nor e syst embuses usual | y neans better overal | systemperfornance. The
syst embus approach i s nost of ten used wth snal | er ES 9221 processor
cofigurations becauseit offersal over cost, al oner perfornancel eve , and
aconpatibilitywthentry-level 1/Odevices. For Systent370 Base (otion
node (di scussed i n Ghapter 2), the Systemi370 B ock Ml ti pl exed Ghannel
(BWPY isinstall edtoprovi de a Systeni370-type channel for attachnent to
I/Odevices. (This channel typeisdscussedfurther inGapter 4.)

Channel sare the ot her net hod of attachi ng 1/ Odevi ces to ES 9000
processors. Again, theinfornation flowbetween the channel s and t he cen-

123
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tral storageis controlledby the bus adapter. Wth the channel approach,
circuit cards containingfromonetothreechannel sareinstalledinslots
providedinthe processor unit. There aretwo types of channel s fromwhi ch
tochoose: parallel or ESON(Enterpri se System@nnecti on) channel s.
B ther channd typeiscad edtoexternd cotrd unit circutrythet i shoused
inafreestandi ng box or inarack-nounted draver. This control unit then
nanages one or nore |/ Odevi ces and responds t o coomands sent by t he
at t ached channel . Gonpar ed t o t he syst embus appr oach, channel s typi -
calyprovideafaster |ink betweenthe processor unit and afaster contrao
unit contralingoneor norefaster |/ Odevi ces.

Fnally, the systemassist processqrexclusivetothe BES 9221 Mdel s
170, 191, 201, and 211, provides addi ti onal processi ng pover to hel p nan-
agetheinfornation fl owbetween channel s and central storage. It canbe
thought of as an |/ Ocopr ocessor .

H gure 3. 12 shows t he har dwar e nachi ne or gani zati on used i n t he
ESY 9221 Mbdel s 200, 221, and 421 processor units, the only rack-
nounted processors that have two central processors sharingt he sane cen
tral storage and channel s. Systens wthtwo central processorsinthis
organi zati on are cal | ed dyadi c nul ti processors. Qe of the advantages of a
nol ti processor isthat it provides noreefficient perfornance t han a conpa
rabl e groupi ng of uni processor nodel s. VEw 1 | earn nore about nul tipro-
cessors as we expl ore sone of the ot her ES' 9000 nodel s.

M d- Si zed Processor El enents

The nd-si zed ES 9000 processor units are built around t he basi ¢ har dvare
nachi ne organi zati on shown in FH gure 3. 13. Sone of the el enents are
functional |y the sane as those used i nthe snal | er ES 9000 pr ocessor s.

For exanpl e, the central storage and central processor el enents perform
thesanero einthese nodel s asthey dointhe snal | er ES 9000 processors.

Brenwthinthe central processor (showninthe expl odedviewinthe fig

ure) thereis sone coonmon functional ity inthat the cache andthe control

storageplaythesanerd easinthe snal | er systens.

There are, hovever, sonedifferencesinthe central processor design
usedinthese md-si zed systens. FHrst of all, thecycletineof thecentra
processor(s) i s reduced, i nproving perfornance. Further, therearemitip e
executionunitswthinasing ecentra processor rather thanjust two (gen
erd -purposeexecutionunit andfloatingpant executionunit) inthesnal ler
systens. This al | ows nore operati ons to occur i na g ven nachi ne cycl e,
andthisdeeper pipeiningresutsinbetter systemperfornance.
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Figure 3.12. Mchine organi zati on of rack- nount ed ES 9221 dyadi ¢ nul ti processors.

Shomn at the bottomof Fgure 3. 13, the I/ Ochannel s are functional |y
identical tothoseusedinthesnal | er systens. 1 nthese systens, the channel
control el enent nanages the fl owaof infornation between central storage
and the channel el enents for al | channel sinstall ed. The channel el enents,
whi ch house nul ti pl e channel s each, nanage the i nf or nat i on f1 owbet ween
the outboard contro unit(s) andthe channel control e enent. Bothpara | €
and ES0Nchannel s are supported, but thereis nosystembus alternative
for these md-si zed nodel s.

Anewel enent, the systemcontrol el enent (SCBisintroducedinthe
nd-si zed ES 9000 processors. The systemcontrol el enent nanages t he trans-
fer of infornation between central storage andthe cache of each central
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processor. (Asvas discussed earlier, acachel ocatedineachcentra proces-
sor accunull at es programinstructions and associ ated datathat istobepro
cessed very sooninthe centra processor.) Sncetherearemitipl ecentra
processors that share the sane body of central storage, the systemcontrad
el enent enabl es efficient i nfornati on fl owand nanages contenti on as t he
cacheineachcentral processor conpetes for accesstocentra storage.

Sone n d- si zed EY 9000 processors that use thi s har dwar e nachi ne
organi zati on have onl y one central processor (uni processors); ot hers have
nul tipl e centra processors (nul tiprocessors). |'n ES 9000 processors t hat
use t he nachi ne organi zati onshoanin H gure 3.13, a |l centra processors
share the sane central storage, expanded storage, and channel s. Systens
wththisorganizationandwthtwo centra processors are dyadi c ml ti pro-
cessors; thosewththree Gntral Rrocessors aretriadi ¢ nol ti processors.
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Figure 3.13. Mchine organi zati on of nid-si zed E5'9000 uni -, dyadic, andtriadic
processor nodel s.
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Qe of the advant ages of these nul tiprocessorsis the good perfor-
nance thet i s achi eved becausethe central processors ared ectronica ly cl ose
tocentra storage, ensuringinproved efficiencyinnavinginfornati onwthin
the conput er systematask that is key to systemperfornance. Miltipro-
cessors organi zed i nthi s way cannot be physical ly partitionedintotwo
i ndependent processor s.

Anatural extension of the hardware nachi ne organi zat i on used by
sone M d-si zed ES 9000 processors i s shownin F gure 3.14. Thi s nachi ne
organi zati on basi cal | y doubl es the capahi [ ity of the prior nachi ne organi za-
tion, dlowngfromwotosixcentra processorsinasingl e ES 9000 proces-
sor. Both“sides” of the systemhave their owncentral storage, expanded
storage, channel' s, and systemcontra el enents.
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Fi gure 3.14. Machine organi zati on of nid-si zed ESY 9000 N-way nul ti processor
nadel s.
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Systens that enpl oy thi s nachi ne organi zati on are cal | ed N- vay
multi processors Wwththe Nreferringtothe nuntoer of central processors.
For exanpl e, an ES'9000 processor wth central processors #1 and #2 shoan
inFAgure3.14iscaleda?2-wvay nl ti processor. Thosewth central proces-
sors nunibered 1 through 4 are cal | ed 4-vay null ti processors, andthosewth
central processors nuntered 1 through 6 are cal | ed 6-way nul ti processors.

Nway ES' 9000 processors oper at e as one | arge conput er syst em(t hat
is, a single systeminmgg. Hwever, a chi ef advant age of the N way
nachine organi zationistheabilityto  physically partitiobhe systens (see
F gure 3.14) sothat one ES 9000 processor act ual | y becones two i nde-
pendent | y operat ed conput er systens sharing a si ngl e ne chani cal frane.
For exanpl e, an ES 9000 Mbdel 610 (that is, a4-way nul ti processor) can
be hal ved i nto two i ndependent | y oper at ed conput er systens—each afully
functional dyadicnultiprocessor wthits owncentral processor, processor
storage, channel's, and processor controller. Hal f of the syst emcan be pow
ered down wthout di sruptingthe operationof theother side.

Havi ng two i ndependent | y oper at ed ES 9000 pr ocessor s has advan-
tagesinbathfledblityadavaladlity. Hexhilityresuts becaseeachhd f
of the physica |y partitioned systemcanrund fferent operatingsystens or a
singleoperatingsystem Infact, wththehel pof thelogica partitioning
afforded by FR V) each hal f of the systemcanrunupto 7 different operat-
ing systens for atotal of 14 systemi nages. Physical partitioningal so
reduces sone types of conput er out ages, naki ng t he conput er syst emnore
cosistentlyavail sl etousers. For exanpl e, hal f of aphysica |y partitioned
syst emcan be pover ed down, upgraded, tested, serviced, and soon, wth-
out disruptingthenornal operationof theother hal f.

Hi gh- End Processor El ements

F gures 3. 15 and 3. 16 showt he har dwar e nachi ne organi zati on used i nthe
hi gh- end ES 9000 processor units. Mist of the el enents i nthese fi gures have
al ready been di scussed; however, two newel enents are i ntroduced i nthese
| arger systens: theinterconnect conmuni cations e enent (1) andt he sec-
odleve bufer (cache).

The i nt er connect comuni cati ons el enerhandl es t he transfer of
i nfornation between t he systemcontrol el enent and t he channel control
elenent. The second-1evel buffei s another hi gh-speed st orage area (cache)
that hel ps gat her upconing progranming i nstructi ons and dat a fromcen-
tral storage and nare qui ckly provi dethemtotheind vidua cachesthat are
| ocatedinsi de eachcertral processor. Theresult isthet the needed program
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nming i nstructions and dat a are nore qui ckl y provi ded to the mol ti pl e execu
tionunitsinsidethe central processors, inprovingtheoveral perfornance
of the system The second-1 evel buffer i nthe 711- based processors i s doubl e
thesizeof that i nthe 520 based processors.

Inadd tiontothe second-1evel buffer, the higher perfornance of fered
by thelarger B 9000 nodel sistheresult of shorter centra processor cycl e
tines, additiona executiond enentsineachcentra processor, and speci d -
izedcircuitrythat al ows programinstructions to be executed out of se
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Figure 3.15  Mchine organi zati on of the | arger ES'9000 uni - and nul ti processor
nodel s.
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Figure 3.16. Mchi ne organi zation of the |l argest EY 9000 Nway nul ti processor
nadel s.

quence. “Qit of sequence” neans that whil e one central processor is busy
executi ngal engthy programi nstruction, other centra processors execute a
later instructioninthe sane programeventhoughit is conpleted prior to
theconpl etiondf thelengthyinstruction. Inthiscase, topreservetheinteg
rityof theprogram thespecidizedcircutry pitstheresutsd the

out - of - sequence acti vity back i n sequence. Thi s capability neans that the
availad ecentra processor pover isnareefficiently uilizedthaninsystens
wthout thespecidizedcircutry.

H gure 3. 16 shows howt hi s nachi ne organi zationis used to buil d
N-vay nul tiprocessor systens that al l owfor physical partitioningas dothe
ni d- si zed ES 9000 processors. The 711-based fanmily design al | ows for 4
and 5 central processors per side, the basis for the 8-way and 10- way
nol ti processor.
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Processor Options
Qher options for the I 390 famly i ncl ude
« Data Gonpression
« Battery Backup
- \ecto Fility

« Integrated Gyptographi c Feature (1R

Dat a Conpression

The 511- based, 711-based, andthe 9672 paral | €l server processors i ncl ude,
as standard, har dvar e-assi st ed dat a conpr essi on. The dat a conpr essi on f unc-
tionappliesareductional gorithmaga nst the datato reduce t he nunter of
bytesthat needtobestoredor transferred. Thegoa of thisreductionisto
| over the cost of conputing by i ncreasi ngthe effecti veness of DA, by
i nprovi ng t el econmuni cati ons effici ency, and by i nprovi ng el apsed ti ne,
response tine, andthroughput. Thel evel of data conpressi onis dependent
onthecharacteristics of the databei ng conpressed.

Reductions i n DA st orage can resul t i n savi ngs as hi gh as 70 per -
cent for sone appl i cations, but typicallysavingsareinthe 40to 50 percent
range. The nunber of physical 1/G al so can be reduced significantly. Net-
vwork transmissionefficienciesinterns of el apsedtine, nuntoer of |ines,
and/or transmssionlinespeeds ared sored i zed

Inthe past, data conpressi onwas i npl enented on storage control lers
or onthe host through softvare. I nplenentingit onthe storage contraol | er
reduced physi cal storage requi renents but had no ef fect on channel use or
netvork ef ficiency. Software-only i npl enent ati ons, conpressi ngdataonthe
processor or at theworkstation, i nproved response tines i n sel ected envi -
ronnent s and reduced physi cal st orage and t el econmuni cat i on requi renent s.
Syst emresour ces consuned to i npl enent thi s conpressi on often of fset the
advant ages achi eved.

By confoi ni ng processor har dvar e and subsyst emsoftware, al of the
l'isted benefits can be achi eved w th i nprovenent s i n syst emper f or nance
and response ti nes. Thi s opens the use of the conpressi onfunctionto nore
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appl i cations and users. | BMipl ans t o use t he processor - assi st ed dat a com
pressionwth DB2, | M5, VTAM and DFSVE M/S.

Batt ery Backup

Rack- nount ed S 390 conput er s have an opti onal batt ery backup syst emt o
r educe t he headaches caused by short pover failures. The battery backupis
desi gnedtosustainonly the processor unit, easi ngsystenrestart fdlowng a
brief power failurethat is, beforethe battery backupis exhausted (ap -
proxinatel y 5mnutes). For exanpl e, if, whileusingthe V3 ESAoperating
system ashort power fail ure occurs, the systemoperator shoul d not have
to performthe VSE I PL and “col d-start” procedures when power re -
turns. This neans that the systemi s accessiblebytheusers narequickly. It
isinportant tonotethat nol/Odevi ces, not eventhe DAY are covered by
thi s bettery backup.

For thePrall el Enterprise Srvers, thisfeatureis avail ablevhena
9672 R2 or R3 nodel i s upgraded from9672 RL, EOX or POXnodel s or
when a 9674 Mbdel Q02 or 03 i s upgraded froma Q01 nodel . Thi s
optiond featwreusesinterna batteriestoprovi de pover duringapover [ine
d sturbance. Thebatterieslast upto3.5ninutes whi | e the ECconti nues to
run

For 9672 R2 or R3 nodel s runni ng the Gupl i ng Faci ity Gontrol
Program(C-CP) or the 9674 )2 or 03 nodel s runni ng i n “power save
state,” couplingfunctionis quiesced, but the batteries preserve Gupling
Facility nenory for up to 80 minutes.

Vector Facility

The\ector Fecilityisanoptional extensiontothe 9390 processor units. It
provi des i ncreased processi ng power i n perforning the nany cal cul ati ons
associ at edwtheng neeri ng desi gn, heavy statistica andysis, and ot her sci -
entificappications. Theinstructione enent fetches and decodes vector ad
scal ar i nstructions fromthe hi gh-speed buffer. The Mector Facil ity under -
stands 191 addi ti onal instructions and houses addi tional executionunits
that canperformcal cu ationsonupto 256 different sets of operands sinuil -
taneousl y.

ne Vector Facility can be added t o each central processor in
an § 30 processor unit. (Ntethat theector Fecilityisnotua |y excl usive
wththelntegrated Gyptographi c Feature, describedbel ow) Vector Facili -
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ties are not supported on rack-nounted § 390 conput ers or on the Sys-
tem3%0 Para | el Eterprise Server nodel s.

\ector Facilities, wenaddedtol arge, hi gh-end ES 9021 processors
(Mbdel s 900, 962, 972, 982 and 92, for exanpl €), bringthese systens to
super conput erl evel s of perfornance. A perfornance- enhanced vect or
designis used wth the 520- based processors (such as t he Mbdel 900),
increasingparal | el operations of the scal ar and vector executi on el enent
and addi ng the capabi ity to support nul tipl e pi pel i nes concurrently. The
vect or executi onel enent obtains uptofour resultsinonecycle. Additiona
vector and scal ar instructions and al evel of asynchronous operati ons
reduces the overhead of theinstruction setup.

Theoretical peak perfornance of this\ector Facilityis 444 mllion
floating point instructions per second (negaHLAS). Gnthe Mdel 900w th
sixvectas, thetheoretica agyegatepeskrateis2 67billionfloatingpoi nt
i nstructions per second (gi gaALaPS for 64-hbit preci sion.

I n February 1993, the perfornance of the \ector Fecility was i nproved
throughincreased paral | €l operations. Ohthe 711- based processors, vect or
instructionsinprovedby 25t040 percent, sca ar i nstructions by 25t0 35 per-
cet. Theoretica aggregate vectar pesk perfornance of aMdel 982wthe gt
vectorsis4.5g ggH@Sfor 64-hit preci sion. On511-based processars, \ector
Feci lity perfornance i nproved by 30t o 40 percent for vector instructi ons ad
by40toDpercet far scd ar imstructios. Thstraslaestoatheoreticd vedtar
peak per f or nance of 27 negaHLAPS

I ntegrated O yptographi c Feature

The Integrated Gypt ographi c Feature (I RF) canbeinsta | ed onone centrd

processor (twoin Nway mul tiprocessor S 390 conput ers) to i nprove data
security. Likethe\Mector Facility, thelntegrated Gyptographi ¢ Feat ure adds

speci d i zedinstructi ons and execution el enentstothe attached centra pro-

cessor wthinthe S 390 9021 nodel s processor unit. Theseinstructions and
execution el enents encrypt infornationthat isthentransmtted over com

nuni cati ons | i nes and decrypted on the ot her end, naki ng i nterception
of theinfornationnared fficut.

The I ntegrat ed G ypt ographi ¢ Feat ure al so can be usedto encrypt data
that isthenstoredind skstorage, hedpingtopratect the privacy of inforna
tionwthinthe data processi ng center. The cryptographi c functi ons are Cata
Encrypti on Sandard (CES based and are provi ded by a t anper - det ecti ng
thernal conduction nodul e (TQV). Mister keys are entered into a physi -
cally secure key storageunit (K3J. The KSJhas abattery backup to prot ect
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the keys for uptooneweek inthe event of power failure. Qher functi ons

provi ded by the I nt egrat ed G ypt ogr aphi ¢ Feat ure i ncl ude nes sage aut hen-
tication, personal authentication, and key nanagenent. An I ntegrated
Gyptographi c Feature i s nut ual |y excl usi ve wth one \ector Fa cility, ad
onyonelntegrated Gyptographi c Feature canbeinstal | ed oneach side of a

nul ti processor nodel .

Perf ormance Overvi ew

Qeinportant aspect of aconputer systemistherateat whichit conpl etes
its assigned work. Thisis known as the perfornance of the conputer. The
hi gher t he perfornance, the nore work t he conput er does i na giventine
period. Miny things, includingthecentral processor(s), centra storage,
expanded st orage, 1/ Ochannel or bus confi gurations, DASDs, conmuni ca-
tions |ine speeds, and progranming effi ci enci es af fect the perfornance of a
conputer system This conpl exity nakes it difficult, and often msl eadi ng,
topredict the overal | perfornance of a conputer systemby | ooki ng at
sel ected specifications of theind vidual conponents.

9 nce 9390 processor s have peri phera devi ces incommon, it is pos-
sibl etofocus onthe perfornance di fferences bet ween t he vari ous § 390
processor unit nodel s wthout too nuch oversinplification. Bvenwtha
focus on processor unit perfornance, however, there are nany el enent s t hat
together determnethelevel of perfornance aprocessor unit delivers. Gene
tra processor cycl etine, nuner of executionunitswthinacentrd pr oces-
sor, rateof instructi onexecuti on(oftenneasuredinnillionsof in structi ons
per second, or MY, thefunctiond theinstructionset, cetra storagesize
and speed, and expanded st or age si ze and speed are al | naj or factorsin
processor unit perfornance. A though each of theseis i nportant, none
of themi ndi vi dual | y defi nes processor unit perfornance.

Benchnar k t esti ng conpares the overal | perfornance of different pro-
cessor units. Thi s invol ves | cadi ng each benchnar k conput er wt h t he sane
nuniber of users, running t he sane prograns, and neasuri ng howt he sys-
tembehaves under thel oad. Throughthi s benchnark testing, all of theel e
nents cone i nto play, andthe overal | perfornance of sel ected processor
unitsis conpared neaningfully. It isinportant to choose abenchnark that
isrepresentative of thetype of workl oad supported by the conput er.

Exi stingtypes of benchnarks areclassifiedintotw categories

1 I ndust ry- st andar d benchnar ks are usual | y run i n bat ch node,
exercisethearithnetic capabilities of theconputer, andre por t
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resutsinMPS(mllionsof instructi ons per second). Dhrystone
M PS uses 100 G Language sour ce st at enent s, whi ch are cho-
sen by statistical anal ysi s and execut e usi ng no nenory ac-
cess or 1/Q SPEQrark-1 and SPEQrark-F are i ndustry-
st andar d benchnar ks for scientific conputing. They neasure
theinteger andfl oating poi nt perfornance and arerunin batch
node.

2 I ndependent cormer ci al benchnar ks, such as the Transacti on
Processi ng Perfornmance Gounci | ’s TPG A TPG B, TPG C
TPG D, and RAMP-C usual Iy report results i n nunber of
transactions per unit of tine. TPRGAis asinple “on-line”
benchnar k, TPG B neasur es per f or nance i n bat ch node, TPG
Cneasur es per f or nance of conpl ex transacti on- processi ng
wor kl oads, and TPG D neasur es a deci si on support envi ron-
nent. RAMP-Cis an | BMpropri etary benchnark that nea-
sures perfornmance of four transaction cl asses rangi ng from
sinpl e to conpl ex. They i ncl ude heavy |1/ Ouse but no ful l
rel ati onal dat abase (ROBVB) use.

| BMihas conduct ed benchnark testing to conparetherel ative perfor-
nance of the various § 390 processor unit nodel s wth one another. This
testing was done by | oadi ng t he conput ers wi t h vari ous mixes of specialy
desi gned prograns, cal | edvorkl oads, that exercisethe processors as they
vwoul d operate i nvarious hypot heti cal busi ness envi ronnents. To perform
benchnark testing, thetest group nust nake assunpti ons about the ki nd of
wor k bei ng done and t he behavi or of the users at eachworkstation. For this
reason, notesting can say exact!ly howa processor perforns under anindi -
vidual application Becauseall assunptions arethesanefor al S 390 nod-
e sincludedinthe benchnark testing, honever, thetest provi des anexcd | ent
neasure of the rel ative perfornance of the various S 390 processor unit
nodel s. The fol | ow ng secti ons descri be the types of perfor nance neasur e-
nent | BMuses for S 390.

Usi ng I nternal Throughput Rate (I TR)

The perfornance of § 390 processorsis neasuredinterns of t hr oughput, or
the anount of work the conputer doesinagivenperiodof tine. Inorder to

i sol atethe processor unit perfornance fromthat of other subsystens neces-

sary t o nake a conpl et e conput er system the internal throughput rate (1 TR
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i s neasured. The | TRi s the anount of work done duri ng the portions of the
testingperiodinvhi chtheprocessor unit isactua |y performngwerk (rat her
thanvaitingfor externa devicestorespond). It isaneasure of the nuniber
of conpl et ed transactions, divided by the amount of tinethe central
processor (s) i s busy. To conpar et he perfornance of processor units toeach
other, therawl TRfor each processor i s convertedtoaraio. Tocacu atethe
ITRratio, the S3%0 nodel | TRis dividedby the | TRof anearlier processor
nodel , such as an | BM3090 Mbdel 180-J (a forerunner of EY 9000 proces-
sors). ThislTRratioi s usedto conpare the perfornance of the various nod
ds

FH gures 3.17-3. 20 showthe | TRrati os resul ti ng froml BVIs bench-
nark testing for the ES 9000 processors. Rerfornance testi ng was done us-
ingtwo different operating systens (MY ESAand WM ESA) inorder to
showt he perfornance di fferences wth each. To showthe variationsin per-
fornmance | evel under varyi ng wor kl oads, | BMt est ed each syst emunder a

Motes: Resibs based on benchimark estingusing warious worldosd s with

MuSIES A 42.0(JES2) and WIMIESR 1.1, Thisindom afon i eccurate for e

Spenific bt ermironment weed, bt e resaltm sy vanyg inoacial busness

ervdronments, and $ere iz no guaranes that similar resals wil be obtained

alnmabera,
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Figure 3.17. Relative perfornance of the ES 9000 processor units.
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vari ety of workl oads (six for the M/S ESAenvironnent and two for the
W ESA envi ronnent ). The shaded area of each bar shows the variancein
| TRrati o neasur ed under the varyi ng wor kl oads.

The perfornance | evel of the | BVI3090 Mvdel 180-Jis arbitrarily
giventhe val ue of 1in both operating systemenvi ronnents and under al |
vorkl oads. The larger the I TRrati o, the higher the perfornance of t hat
EY 9000 processor. Any | TRgreater than 1 neans that t he ES 9000 nodel
out per f or ned t he | BM3090 Mbdel 180-J i nt he benchnark testing. Gon-
versely, any | TRl ess than 1 neans that t he ES' 9000 nodel was not ableto
per f ormas nuch wor k as a 3090 Mbdel 180-J i nt he benchnark t esti ng.

Inthe MY ESAenvi ronnent, the Mdel 480 has an | TRrati o rang-
ing froml. 47to 1. 80, dependi ngonthe type of workl oad. Thi s neans t hat
Mbdel 480 out perf or ned t he 3090 Mbdel 180-J by 47 to 80 percent. Inthe
VW ESA envi ronnent, the Mbdel 480 has an I TRratioof 1.71to 1. 74,
dependi ng on the type of workl oad. Thi s neans t hat the Mbdel 480 out per -
forned t he 3090 Mdel 180-J by 71to 74 percent. The variation (t he shaded
part of thebar) islarger inthe MS ESAenvironment thanit isinthe
W ESAenvi ronnent, inpart because six different types of workl oads were
testedinthe MS ESAenvi ronnent but only two different workl oad types
weretestedinthe VMESAenvi ronnent.

The per f or nance of two ES 9000 processor units can be directly com
pared as wel | . For exanpl e, the Mdel 210 (I TRratio 0.58t00.64inthe
W ESA envi ronnent ) out perforned t he Mdel 190 (1 TRrati00.43t0 0.52
inthe W ESA envi ronnent) by between 23 and 35 percent inthe VM ESA
envi ronnent, dependi ng on t he type of workl oad.

V@r kl oads sel ect ed duri ng t he M/S ESA benchnar k testi ng refl ect
thedifferent types of workl oads foundintoday s conputing envi ronnent.
They i ncl ude BEngi neering/ i enti fic Batch, Gonmerci al Batch, Ti ne Shari ng
Qotion (TSSO r-1ine, Qustoner Infornati on Gntrol System(A CS n-
line, Database 2 (0B2) Online, and Infornation Minagenent System(l My
n-1ine. These charact eri ze workl oads of t he Syst emt 370 and Syst eni 390
famlieswthstadardfeat ures; therefare, the Bg neeri ng/ S erti fi c vrkl ced
was not i npl enent ed t o t ake advant age of the Vector Facility, whichtypi-
callyinproves perfornance for this type of work.

INEneasurenents aretraditional |y nade wth asingl e | Mssubsyst em
hovever, to utilize the newhi gh-capacity processors (that is, 8way and
10- vay processors) fully, anot her workl oad was devel oped t o use two | M
subsyst ens shari ng Dat a Language/ | (OL/ 1) datat hrough t he | M6 Resour ce
Lock Mnager (1R.M. The | Ms perfornance nunbers refl ected in FH gure
3. 20 wer e nade usi ng a si ngl e | M5 subsyst emunder M/ ESA at t he
MS SP-JEX2 4.2.0 1 evel ; Mdel s 972, 982, and 9X2 ranges i ncl ude t he

137
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wor kl oad running two | M5 Subsystens under MVS/ESA at the
MY SP-JE2 4. 2.2 | evel . The W ESA wor kl oads i ncl ude a QvB Program
Devel opnent n-1i ne workl oad and a OVB H gh Transacti on On-1i ne

Vir ki oad.
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Figure 3.18. Relative perfornance of the ES 9000 processor units.
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Figure 3.20. Relative perfornance of the ES 9000 processor units.

For nore i nf ornati on concer ni ng t he wor kl oad envi ronnents, the
netrics of neasurenent, usi ng perfornance data, and validating a new
processor’ s capaci ty expectati ons, seethe | BMLar ge Systens Perfor mance
Ref erence (LSPR) S(28-1187.

Usi ng the Transacti on Processi ng Performance Council (TPC)

The Transact i on Processi ng Per f or nrance Gounci |, of whi ch | BMhas been a
nentoer si nce Noventoer 1988, consi sts of conput er vendors seekingto pro-
duce i ndust ry- st andar d benchnarks for the on-l i ne transacti onprocessi ng envi -
ronnent. Manuf acturers run t he benchnarks at thei r own expense and
conformtoaset of rul es defi ned by the TRC Results requi re TRG appr oved
auditingandare pudl i shedinaful discl osurereport witten by the vendor.
TRCnetricsincl udeatransacti onrate expressedintransacti ons per
second (tps) or transacti ons per ninute (tpm and acost per transacti on per
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unit of tine Thiscost iscdcuaedbydvidngthe5 year cost of thetested
systemby the transactionrate. The 5 year cost i ncl udes el enent s such as
termna s, termnal controllers, network contra | ers, channel' s, processar,
tapes, disks, softvare, and nai ntenance. Each TRCbenchnark al so i ncl udes
severa nonperfornanceteststoensurethat thetestedsystens have area-
sonabl e | evel of robust ness. Four benchnarks, described | ater, have been
defined and nade avai | abl e, and three addi ti onal TRCbenchnar ks ( neasur -
ingclient/server, server only, and enterpri sevorkl oad applicati ons) arein
pr ocess.

The TRG Abenchnark, rel eased to the publicin 1989, standardized
neasur enent s of the Debi t G edit banki ng appl i cati on and provi ded speci fi -
cations on howto i npl enent, neasure, and report resul ts using t hat
vor kl oad. The TRG B benchnark i s the “bat ch” versi on of the TRG Abench-
nark; that is, it doesnat includethefront-endtransacti on nanager, reduc-
ingthepathlength per transaction

The TRG Chenchnar k represent s sone typi cal transactions of a com
nercial business engagedinse linganddi stributingaproduct. The vorkl oad
consi sts of fiveun quetransactions, wtheachbeingsed ectedat definedfre-
quenci es. The frequency of only oneof thefivetransactionsisreported as
the transacti ons per mnute (tpn®.

The TPG D benchnar k represent s a deci si on support envi r onnent
consi sting of 17 queries and 2 bat ch updat e j obs. The TPG D benchnar k
becane avai | abl ein April 1995.

I n 1993 | BMpubl i shed TPG A Versi on 1 benchnark resul ts for two
ES' 9000 nodel s, the air-cool ed ES 9121 Mbdel 511 uni processor runni ng
TPF (Transact i on Processi ng Faci lity) and t he EY 9021 Mvdel 742 4-way
processor runni ng MS ESA(see H gure 3.21). (TPFsystens are used pre-
domnart |y i nhigh-vol une hatel and ai rl i ne-passenger reservation systens.)
The ES 9121 Mbdel 511 runni ng TPF achi eved a benchnar k of 3, 504 t psA
wth apricel perfornance of $7,964/tpsA The ES 9021 Mdel 742 runni ng
M/ ESA and | M5 Fast Pat h achi eved a benchnark of 1,427 tpsAwth a
pri cel perfornance of $13,437/tpsA Theseresu ts positionthe neasured con
figurations at the highend of previously publ i shed TRG A neasur enent s.

Measuri ng Systenf 390 Paral |l el Transacti on Server Performance

Wthits April 1994 announcenent, | BV ntroduced the paral | el syspl ex.
Usi ng coupl i ng t echnol ogy, nany Syst et 390 processor s performas a singl e
i nage. Transacti on processi ngworkl cads executingwthinthepara e syspl ex
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Figure 3.21. Published TPG Aversion 1results (Q.TP perfornance).

sharedataat afinelevd of granularitywthread witeaccessandfull data

integrity. AQCIBCILworkl oad operatinginaparal | el syspl ex environ

nent consi sting of &390 Paral | el Transaction Servers and EY 9021
711- based systens wth the Gupling Facility (9674) was used t o neasure
perfornance i n thi s newenvi ronnent. (Perfornance datafor | M5 Transac-

tion Minager, EY 9121 511- based nodel s, and ES 9021 711- based pr oces-
sosuwsingthe@udingReci litieswll beavailad el ater.)

The wor kl oad defi ned t o t ake advant age of dat a shari ng across ml -
tiplecentra el ectroni c conpl exes ((E3) uses a @ CStransact i on nanager
and | M5 DBCTL dat abase derived fromthe standard G CS and | M5
vorkl cads used for the | BMLSR It consists of |ight-to-noderat e transac-
tions fromd verse busi ness appl i cations, incl uding order entry, stock con+
trd, inetaytracking, producti onspecification hatd reservetians, banki ng,
andteller systens. (For additional detail s ontheseworkl cads, pl ease con
tact anlBVisal es representative.)

Thr ee neasur enent environment s were created t o denonstrate
capacity andsca ability aspects of the S30peral ld syspl ex.

1 Parallel Transaction Servers Mdel s ED2 t hr ough ED8 coupl ed by
the Gupling Faci ity Mdel 1.

2 E59021 Mdel 821 systens coupl ed by the Goupl i ng Faci ity Mdel
Q1.



142

EXPLORI NG IBM S NEW AGE MAlI NFRAMES

3 EY9021 Mdel 821 and Paral | el Transacti on Server Mxdel s BED2 or
B4 coupl ed by the Goupl i ng Faci | ity Mbdel QD1

Each (BCof the Paral | el Transacti on Server and the Gupl i ng Faci | -
ity contai ns si x § 390 nicropr ocessors.

The neasurenent s i n envi ronnent 1 showthe resul ts of taking a
vor kl oad fromt he Mddel 821 andplacingit onthe Paral | el Transaction
Server. The noncoupl ed Mdel 821 (therefore wth no dat a sharing), per-
forned 200 A CStransacti ons per second (trans/ sec). The workl oad, when
novedtothe Paral el Transacti on Server (at 100%dat a shari ng), perforned
from156 A CStrans/sec on the Mdel ED2to 601 A CStrans/ sec onthe
Mdel ED8. Theseresutsindicatethat add ngsystenstothepard |l e syspl ex
does not generate significant overhead. Nearly thefull pover of each addi -
tiona systemisappiedtotransactionprocessi ng.

The neasurenent s i n envi ronnent 2 showt he capacity grow h t hat
occur s when an i ncreasi ng nunber of ES 9021 Mbdel 821s are coupl ed.
Thi s environnent was tested at rates of 25, 50, 75, and 100 percent data
shering.

The base neasurenent for this nodel renai ns at 200 A CStrans/ sec.
The coupl ed syst ens perf or nance ranged froma | owof 288 A CStrans/ sec
wthtwo Mxdel 821s and 100 percent data sharingto a high of 739 A CS
trans/secwth 4 Mdel 821s at 25 percent data sharing.

Inenvironnent 3, withamxedenvironnent of one Mbdel 821 and a
variabl e nuner of Paral | el Transacti on Server nodel s (ED2 t hr ough ED4),
the per cent age of dat a sharing was agai nvariedin 25 percent i ncrenents.
This environnent illustrates what acustoner coul d experience innaking a
transitionfromthe Mdel 821toaParallel Transacti on Server environ-
nent. Perfornmance ranged froma |l owof 296 A CStrans/sec wththe
Mbdel E02/821 and 100 percent data sharing to a hi gh of 490 A CS
trans/ sec wth aMdel E4/ 821 and 25 percent dat a sharing.

Gapaci ty growt h beyond t he confi gurati ons neasur ed can be achi eved
w th § 390 coupl i ng technol ogy. Proj ections of perfornance using | arger
nodel sinfull parale sysplexind cateacapabilityintherange of 1500to
2000 @ GStrans/ sec.

Measuring Systeni 390 Paral | el Enterprise Server Performance

The Paral | el Enterprise Server (9672) R and RB nodel s have al arge perfor-
nance range that enabl esthemtoreplace a | of the o der 4381, 308X 3090,
9121 nodel s and the first generati on of 9021 (340- based nodel s) proces-
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sars(seeFgure 3.6, earlier). Fomtheentrylevel tothelargest RG nodel
wthten processors, you can growyour systemcapacity froml0to 13ti nes.
H gure 3. 22 shovs t he perfornance range avai | abl e i nt he t hree 9672 Rnodel
famlies. Each nodel i s conparedtothe 3090 Mdel 180J. The wor kl cad
environnent for determningthe | TRratio (I TR is MS ESASP \ersi on
51

The 9672 R and RBnodel sarefull participantsinaparal e syspl ex
offering. Thisofferingextends thesing e-i nage QWBprocessing2.2t02.6
tinesthat of theearlier Paral lel Bterprise Servers. Rl evant perfornance
conpar i sons i ncl ude

e The 390 Parall el Enterprise Server Mdel R (R famly) is
roughl y equi val ent to an | BM3090 Mbdel 150J and t o t he 9672
Rl1 (RLfamly). The Mdel RS (R3famly) is approxinately 1.3
tol.6tines the processi ng capacity of the | BVI3090 Mdel 600J.

« The 9672-R12 (RRfamly) provides 1.4to0 1.6tines the perfor-
nance of the 9672 R11 (RL famly). The 9672- R3 (R3 famly)
provides 2.2to 2. 7 ti nes t he perfornance of the 9672 R61 (RL
famly).

« Aconfigurationof ei ght 9672- R/2 nodel s, coupl ed wth the new
9672 @2 or M3 Gupling Facility, provides 1.5to 1. 6tines the
| TRof a9672 Paral | el Enterprise Server Mdel EO8, wth six
engi nes i n each (GBCG coupl ed w t h a 9674 Mbdel Q01.

« Aconfigurationof ei ght 9672 R3 nodel s, coupl ed wth the 9672
@2or M3CGuplingFacility, provides2.2to2 6tinesthel TRof
a 9672 Paral l el Enterprise Server Mdel BD8, wthsixenginesin
each CEC coupl ed w th a 9674 Mbdel Q01.
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RX1 Fam |y RX2 Fam |y RX3 Fam |y

R11 0.6-0.8 RA2 0.6-0.7 R53 3.75.1
R21 1.1-1.4 R12 0.91.1 R63 4.36.0
R31 1.521 R22 1.7-21 R73 4.86.9
R41 1.9-28 R32 2.33.1 R83 5.3-7.7
R51 2.2-3.5 R42 2.94.0 RX3 6.1-9.3
R61 2.44.1 R52 3.44.9

R72 4.26.4

Figure 3.22. Relative perfornance of 9672 RXX nodel s.
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Measuring PC Server 500 System 390 (PC SERVER) Performance

The PCSERVER introduced earlier inthis chapter, runs onthe Intel
90- Mz Pent i umpr ocessor and has a 256- KB | evel 2 cache. Mi n nenory
isatw-vay interl eaved 64-bit error correction code (BEX) systemt hat
extends to 256 MB. | BM's Synchr oS reamdual bus t echnol ogy provi des
si mul t aneous nenory access for GPUand I/ Q A40- MB/ sec parity-pro-
tected Mcro Ghannel bus provides el gt 32-bit slots fast enoughto deli ver
t hroughput fromat t ached devi ces.

Because thi s server uses a QWBt echnol ogy opti mized for | over price
rather thanfor hi gh perfornance, traditi ona perfornance neasurenent cri-
teriacanbemsl eadi ng. Toreflect true busi ness val ue, studi es were com
pl et ed by | BMt o det er m ne t he nunber of busi ness application and
appl i cati on devel opnent users that t he FCSERVERwoul d support inava-
riety of productionenvironnents. Theresultsindi catedthat the RCSRER

supports upto

 SB0usersinaninteracti ve MS TSOenvi ronnent ;

« 150 usersinVE

e 140usersindCs

« 210usersinIM LY

« 30usersinlMDB; and

« 90usersinW QW
Wiile offeringvirtually al | the functional benefits of atraditional
Systent 390 pl atform the PCSERVERI s not desi gned as a repl acenent for
current nodel processors. Wtha QB chiprated at about 4.5t05.0

MPS its effectiveworkl oad-perforning capacity, basedonits ext er nal
t hroughput rate (ETR),j s about 2 MPS. *
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Summary

Bd ngthischapter wthad scussiondf the RCServer 500 Systemi390i s appro-
priate It, norethenany aher sing eproduct, typifiestherevd ui onary changes
that 330 hes udergone. Vi leprovid ngfu | functiond conpetibilitywthits
predecessars, it fitsunder adesk andcosts|essthan$100,000fu |y cofigured
Astepwpfronthat istheRrdld BiepiseSrver. Satinga aound $600,000
andoccuyinglittlenare spacethanyouneedtostandon, it tooreresentsthe
reva uti oninS 390 processors that has produced cost savi ngs and per f or nance
g rsfar your busi ness. Atributes cheracteristic o aprehi stari cd nosaur have
d sappeared. Today' s nai nfranes prove thei r val ue to busi nesses every day as
hi ghrporered serversandas hostsfor business criticd aopicatioms.

*The precedi ng i nf or mat i on was used by per m ssi on of The A i pper G oup, | nc. and was
takenfrom The Qi pper Goup Navigator bulletinwittenbytheauthor, titled“RPint-9 zed

Mai nf r ane Enabl es NewBusi ness Sol uti ons—+BM s PC Server 500 Syst end 390, ” dat ed May
22, 1995.
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|ftherwdutimychang&sinuocessortechrlologyverenot sufficient to
reki ndl e busi ness i nterest i nnai nfranes, the expl osi ve denand for usabl e
busi ness i nfornati onwas. The nai nfrane not onl y adapt ed t o t he newbusi -
ness envi ronnent but al sofound that the resourcefuelingits grovth over
the past decades was nowi n even great er denand.

As conputer s are the engi nes dri vi ng busi ness processes and busi ness
gonh, dataisthefuel that powers those engines. Videt her your busi ness
perforns sci entific or conmercial conputing, each of your applications and
processes has one el enent i n conmon—dat a. Dat a—avai | abl e whereit is
needed, wenit isneeded, inappropriate quantity, andinasuitabl e form—
iskeytodrivingbusiness processes. It isthefud for drivingyour busi ness
growt h,

Thi s chapt er focuses ontechnol ogy and products that nove datainto
and out of processors and that provide storage for datawhenit i s not
activel y bei ng used by t he processor. I nput/ out put (1/Q channel gor sinpl y,
channel s), whi ch provi de t he neans of connecti ng devi ces t o processors,
wereintroducedinthe previ ous chapter. This chapter expl oresthetwo pri -
nary channel types, parall el and Enterprise SystemGonnection (ESON.
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Devices cal led peripheral sare usedtogather, display, andstoredata
inavariety of fornats andfor avariety of busi ness purposes. (Seethed s-
cussionof thestorage hierarchy inChapter 2for additiona infornation.)
Feriphera devicesareattachedto S 390 conputers (usual lyviaacabletoan
installedfeature) and performfuncti ons under the conputer’ s contra . D sks,
tapedives, printers, adp dtersfdl inoth scaegry.

Hstorica ly, conputi ng has used dataas afini shed product t o be pack-
agedandusedvirtual lyinthe saneforminwhichit was captured. Avari ety
of display fornatswas providedtosinplify the presentati on of data, but
littlevasdonetothedataitse f. Inthepest tenyears, wththergodevd u-
tionof personal and of fi ce conputi ng, the focus has noved fromusi ng dat a
asafinishedproduct tousingdataasrawnateria . Athoughstill vauedin
itsomright, dataisincreasingly viewed as val uabl e for theinfornation
that canbe derivedfromitsanaysis. Thefini shed product isnowtheinfor-
nation, or know edge, that is derivedfromthe data. Andthat advance,
stinul at ed and support ed by the technd ogy of peripheras, isfuelingarevo
[utioninthe use of datato achi eve busi ness advant age.

Thi s change i n the perception of data has dranatical | y changed how
dataisprocessed, stored, add splayed Cetaadysis, for exanpl e, requires
adifferent processi ng schene t han does t he processi ng of transacti ons t hat
use snal | anounts of data. This, inturn, drivestheneedtofeed processors
| arge anount s of data and to present the sunmary of that datain user-
friendyd splaysor printouts. Because datais viewed nowfor its contri bu
tiostobusinessinfornation, retannglargeanaunts of historicd dataviile
ensuringitsaccuracy andintegrity areincreasingy inportant to busi ness
operetions.

Ghapter 3 addressed the reval uti onary changes i n processor capabi | -
ity. Thischapter exp ores equal |y revd uti onary changes i nperiphera s. Gep-
ter Spresetsthesoftvarestructuresbu It ontgpof thisfoudati on Toget her,
these chapt ers descri be the i nteracti ons anong t he har dwar e and sof t ware
portions of aconputer systemand present the nagni t ude of the reval ution
that has occurredincentral -site S 390 conputi ng systens. Addi ng t he com
nuni cationlayer, inGapter 6, expands the scope of the reva uti onto your
whol e busi ness.

Thi s chapt er does not provi de conpr ehensi ve coverage of al | peri ph
eralsthat canbe usedwth S 390 conputers. It does, however, introduce
severa devi cetypes that represent those nost cormonl y used i nthe busi -
ness envi ronnent . V& begi n by expl ori ng t he ar chi t ect ure and t echnol ogy
that connect s t hose devi ces t o processor s.
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| nput/ Qutput (1/0) Channel Architecture

The input/output (1/Q channel s in S 390 conput ers provi de a pi pel i ne
through whi chinfornationis exchanged between t he § 390 processor uni t
and external devi ces. The nost conmon type of devi ce attached t o a chan-
ne isacontrd unit (or cotraler). Thecotrd unit isadevicetha houses
circuitry desi gnedto nani pul at e one or nore speci fi ¢ types of |/ Odevi ce.
FHoured 1lillustrates howl/Odevi ces andcontrd units areattachedto chan
rds

Inthefigure, an 9390 processor unit i s equi pped wth severa chan
nel s. Thefirst channel (channel #1) is attachedto a 3174 Est abl i shnent
G@ntroler (thiscategory of cotrd unit, cal |l ed conmoni cations contrd | ers,
isdscussedinGapter 6), wiichisattachedtoagroupof termnal s and a
printer. Another channel (channel #2) is attachedtoa 3990 DASDGontrol
Lhit, wiichis attached to RAMMCDASs. | nanother application of chan-
nel s (not showninthefigure), achannel inone S 390 conputer can be
attached t o a channel in another § 390 conput er through a nul ti system

290 Processor Uit

| | Chanrel] W ﬂl_

Q-PP_'C'I": Chanrel #1
Carral | | Cireuty
Srage oL 274

Chenne! §2 Esmblishm an E Lol
. Corwoler erminds

'u-.a-.ﬁlw— —Ii_
g—=F

System printer

w0 oy Yy (o
e | o b B
Unit

Figure 4.1. 1/Odevices attachto S 390 processors vi a channel s.
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channel communi cati on unit (M3Q), enabling hi gh-speed i nfornation
exchange between two § 390 Processor Lhits.

Each channel isasna | conputer initsowright, consisting of a
speci a |y programmed nicropr ocessor and associ ated circuitry. This micro-
processor sends and recei ves packets of i nfornationin prescribedfornats
cal | ed channel command wor ds (G0/8) and channel stat us words (CSVg) .
Thr ough G0/¢ and CSV¥, t he channel s nani pul at e t he att ached control
units, andthusthe r 1/ Odevi ces, under the contra of the operating system
and appl i cati on prograns executi ngwthi nthe 390 processor unit.

WingFHguwed 1, vecantracethe steps necessary for acertra proces-
sor ((P) toreadinfornationfromaDAD Wen the need for additi onal
infornationis detectedinthe andtheinfornati onisnot foundincentral
or expanded st orage, the applicati on programand oper ati ng syst emgener -
atealist of Q3K (ineffect, asnal | programthat the channel s nhcropro-
cessor execuies) designedtorerievetheneededinfornation Thislist ispaced
inaspecia areaincentra storage associ atedwththe appropri at e channd
channel #2inthiscase The operati ngsystemthennatifies channel #2thet it
hesworktodoandreturnstoits other Pactivities.

Channel #2 s nicroprocessor retrievesthelist of 38 fromits area
of central storageand sendsit tothe attached 3990 DASD@ontrol Lhit.
The DA Gontrol Lhit instructs the DADunitstoretrievethe nec essary
information, andit responds wth status infornmation (CS/8) as re -
qui red by t he channel protocol . The DADunits read the requi red i nf or na-
tionfromdisk and provideit tothe DAAD@ntrol Lhit, which, inturn,
providesit tochanne #2 Gannel #2 effectsthetransfer of theinfornati on
intoadesigatedaread centrad storage, usingthechamne support circutry.
Thiscircuitryincludesthe bus adapter (insnaller rack-nount ed syst ens),
systemcontrol el enent, andinterconnect conmuni cations el enent (inlarger
S390 conputers). CGhannel #2thennotifiesthe operating systemt hat the
requiredinfornationisavailableincentral storagefor ac cesshythe @
and the QPresunes vhereit | eft off.

Breninthissinplifiedviewdf channe infornationflow youseethat
alot of activity nust occur inorder for i nffornati onto nove upthe storage
hi erarchy fromDADto central storage (di scussedin Gapter 2). The nore
cycl es aconput er syst emspends doi ng i nput/output (1/Q activity, thelessit
spends doi ng work for the users—thus | owering t he throughput of the sys-
tem For thisreason, it isbest tokeepas nuchinfornation as possibl e
(especidlyinfornationthat islikelytobeneededsoon) ashighinthestor-
age hi erarchy as possi bl e. Bren though I/ Ochannel s operate at very high
speeds conpared t o ot her types of data conmuni cati ons, a perfornance
peraltyispaideverytinethe neededinfornationisnot areadyinthe pro-
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cessor unit (either incentral or expanded storage). The fo | ow ng secti ons
ook nore cl osely at two different types of channel s used i n § 390 conput -
ers: parall el channel s and Ent er pri se System@nnecti on (ESCN chan-
rds

Paral |l el Channels

The paral | el channel s used wth S 390 conput ers are conpati bl e wth t hose

used by the earlier Systemi370fannly of conputers. Hgure4.2illustrates

devi ces attached to § 390 conput ers through paral | el channel s. Twowre
cabl es comnect aparal e channel toacontrd unit. Qecable caledthe bus
cablg carriesthedataasit floms betweenthe chamned andthecotrd unit(s).
Theother cable, caledthe tagcable carriescontra signa sthat inpl enent

t he comrmuni cat i ons prot ocol used bet ween t he channel and t he control
mnit(s). Mitipecontrd untsareatachedtoasingepardle channd ina

dai sy- chai ned f ashi on over a naxi numdi stance of 400 feet (122 n). Wth

]
] devics
devios = =
derios T
o l28metwrs | |
(0 e 1
290 Prooesoor Unit
LI [ININININ
| |Chanrel] | poalle === BusCable ==3 Cartaolf===— BusCable===3Conroli===...
3-F‘F"_‘:“": Chanr=l #1E=== Tag Cabla ==3 lhit === Tag Cable===3 Uit gz, ..
Cerwal | | Cireury
Srorage Perdld S=== BusCable S Carwolf===. ..
Chanrel 2 Teg Cable 3 Unit g===...
TT]TT
L]
Paralle &== BusCable ===p Caniral derice
Chanre| fli=== Tag Cable === Uit

Fgure4.2. |/OdevicesatachtoS30processarsviatradtiona parald chand s.
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anoptional 3044 Fiber ptic Extender Lirkor parall el channels, the dis-
tance between t he channel and the control unit can be ext ended an addi -
tional 1.8nnles (3km. Upto 256 devi ces connect and si nol taneousl y gperate
ononepara l e channel .

Asthetermpardle” inplies, inffonationistransferred8hitsat a
tineover mitiplewres (inparale) inthebus cable. Datais exchanged
betweenapara | el channel andacontra unit ineither byte nul ti pl ex node
or block ultiplex node. In  byte mul tipl ex nodeindi vidual bytes (8 hits)
aretransferred, oneat atineor insnal | groups contai ning upto 64 bytes.
Thismode is arel atively sl ownet hod of exchangi ng i nfornati on (40 KB
per secondto 1 MBper second) andi s used onl y wth sl over 1/Odevices. In
bl ock mul ti pl ex nodenul tiplebytes of infornationaretransferredinlarge
groups wthtransnssi on speeds rangi ng froml. 5 MBper secondto 4.5 MB
per second.

Achannel ' s node of operationis set by the systemoperat or through
the I/ OConfiguration Program(1OQCRNd nust mat ch that of the attached
cotrd unit(s). Prale chanelsareusedvihil ethe S 390 conputer i s oper-
atingineither Systent370 node or ESA 390 node (di scussed i n Ghapter 2).

ESCON Channel s

Rt her than usi ng t he bus and tag cabl es of paral | el channel s, ESGONchan
nel susefiber-opticcades, vhichcarrylight pul sesrather thane ectrical
sigds. Hgured. 3illustratesthefirst dfference betweenthe cabl es. The
singl efiber-optic cabl e used wth ESGNchannel s i s nuch snal I er thanthe
bus andtag cabl es used wth paral | el channel s. Aso, sincethe fiber-optic
cddeswseligt, theyarenat susceptibletod ectronagneti cinterference (aw),
toradio-frequency interference (RH), or toground shifts. Thisim noni ty
offers faster transnissi on speed and great er naxi numdi st ance.
Wthfiber-optic cabl es, ESONchannel s exchange i nfornati onwth
cotro unitsat aratedf either 10or 17 MBper second. Thedatarate varies
based on t he processor type supported. Wt hi nthe coupl i ng-capabl e groups
of processors, the ES 9121 511- based processors support 10 MB per second
whi | e the ES 9021 711- based and t he 9672 Paral | el Server nodel s support a
datarate of 17 MBper second.
D st ances supported by ESCNchannel s are afunction of the type of
fiber supported. Mil tinode fiber of 50/ 125 micron di aneter supports a
distance upto 2 kmbefore the signal nust be repeated or redriven. Milti -
node fi ber of 62.5/ 125 nicron di anet er supports di stances upto 3 km
S ngl e-node fi ber supports di stances upto 20 km Wth the ESCON
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Figure 4.3. (@) Traditiona bus andtagcabl es usedwthpara | € channel s.
(b) F ber-optic cabl e used wth ESCGNchannel s.

Ext ended Di st ance Feature (XDF)S 390 processor units can exchange i n-
fornationwthcontrol unitsat adistance of upto20km

ESONchannel s are part of the ESA/ 390 architecture, introduced
wththe §390 famly. Thereare four i npl enentati ons of ESCONchannel s:
nat i ve ESGON channel s, ESGON channel -t o- channel (CTQ, ESGNw th
parall el control units, and ESONwth byte support. They differ inthe
neans of connecting to anot her channel (CIG for exanpl €) andinthe type
of contrd unit they support. Fguwre4. 4ill ustrates howdevi ces are att ached

The fi ber cabl e att aches one ESCON channel directly to one
ESCON conpati bl e control unit, as shown at the bottomof H gure 4. 4.
Aternativel y, an ESONchannel attachestoan ESCONDOrector (this and
other ESONdevi ces are di scussed later inthis chapter), which, inturn,
attaches tonul ti pl e ESOON conpati bl e control units, a soshowninFgure
4.4, The BSONDO rector provides aswtching functionthat al |l ons any
at t ached ESCONchannel to access any attached control unit. Through one
ESOND rector, upto 256 devi ces and 32 control units are supported per
ESQON channel .

Thi s has severd ramfications. Frst, sinceany channel canget toany
devi ce, any channel can act as a backup path for any failing channel, im
provingavailabilityandreliability. Athoughredundant peths a soarecom
nonpl ace wth paral | el channel s, the ESCOND rect or provi des a nore
flexi bl e configurati on. Further, wth ESGONchannel s the workl cad i s nore
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Figure 4.4. 1/Odevices attachto S 390 processors vi a ESGON channel s.

evenl y di vi ded over agroup of channel' s, because anid e channel can handl e
anl/Oactivity request for another channel . Infact, thisswtchingfunction
al | ows one channel tosendarequest toacontrol unit and anot her channel
tohand etheinfornati ontransfer after thecontra unit hasretrievedthe
datafromitsattached1/Odevice. Thisishelpful insituationswerethe
channel handlingthe origina reguest becones busy beforethe control unit
canrespond. The net effect isthat theneededinfornati onoftenarrivesin
central storage nore quickly, inprovingthe overall systemperfor nance.

Sncethelink between ESCOND rectors (and al so 9036 Renot e Chan-
nel Extenders, discussed|ater) canbe upto 20 kminlength (ESCNXCH)
and two ESCOND rectors (or three channel extenders) canbe usedinthe
l'ink, the naxi numdi stance froma processor unit toanl/Ocontrol unitis
60 km However, various I/Ocontrol units havetheir owndistancelimta-
ti ons i ndependent of the ESCONXCF capabi lity. For exanpl e, a 3990 Mbdel
2/3DADGntrol Lhit, for perfornance reasons, shoul d be no farther than
15 kmf romt he processor unit. A3990 Mdel 6, however, can be | ocated up
to 20 kmaway. The 3490 Tape Gontrol Lhit and Tape Library canbe up to
23 kmf romt he processor unit, and other contral | ers (such as t hose needed
for the RAMMC Array, 9343, 3900, and 3590) can be up t o 43 kmaway.
Sl ected R SO 6000 nodel s (i ncl udi ng SP2) al so can be connected up to
43 kmaway.

ESON channel s are used onl y i n an § 390 conput er operatingin
ESA 390 node or Logi cal Partition (LPAR node (di scussed in Chapter 2).
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Wien operating i n ESA 390 LPAR node, ESGON channel s provi de a uni que
capabi lity. Throughthe ESCON Multiple |nage Facility (EM F)ESCON
channel s are shared across | ogi cal partitions, reduci ngthe nunber of chan

nel s requi red t o add newparti ti ons or applicati ons. Shari ng channel s al | ons

LPARs tocomnect tol/Odevi ces usingsignificantly fever cables. Thisfacil -
ityissupportedond | coud i ng-capabd e processars, a |l owng suppart of shared
copdinglinksfor para | € sysp ex.

Wih ESONchannel s, informationistransferredlbit at atine over
the fiber cable. That is, ESONchannel s are serial channel s The sl ower
byt e node of parall el channel s is supported w th ESGNchannel s via a
9034 ESCON Convert er( di scussed | ater) w th byt e-devi ce att achnent sup-
port (for devices such as 3720, 3725, and 3745). Aswthpardle channd s,
an ESON channel on one § 390 processor attaches t o an ESCON channel
on anot her § 390 processor to effect high-speedinfornationtransfer be -
tween t he two syst ens.

ESOON channel s and ESOOND rectors directly attachonly to
ESOON conpati bl e control units. However, Hgure 4.5 shows a confi gura-
tionthat al |l ows non-ESONcontrol units to attach to ESOCONchannel s
through a 9034 ESCNGonverter. This device attaches directly toan ESON
channel viafiber-optic cableandtoanon-ESONcontrol unit viatradi-

] W
o devion devion
e | o
[ devics
2han o o (basic) .
290 Processor Urit m M
= I 20 km max (X 0R
| | anrel] | OESCOM ) . WU
Spport [T Chennel #7700 S == Rber Cable==g 0772
Cermal | | Srodry — Unit
Sorage U ESCOM coccfber Cablk==3 [irampr
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[ o 122 ey o
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i deice
davic=

Figure 4.5. ESONchannel s attach to non-ESGONcontrol units via an ESOON
converter.
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tiona busandtagcables. Aternatively, bothparal | el and ESCNchannel s
cancoexi st inasi ng e S390 processor.

ESCON Directors

ESONDG rectors provi de dynamic (that is, “on-the-fly”) swtchi ng and
[ engt hen | i nks for ESOON (basi ¢ and XOF) connecti ons. Each ESCON
D rector has from8to 124 fiber-optic portsthat attachtoeither anl/O
control unit or an ESONchannel . As showninHgures 4.4 and 4.5, they
oftensit between several ESGNI/Ochannel s inan S 390 processor unit
and severa 1/Ocontrol units androutetheinfornationfl owbased on ESGN
l'ink configurationinfornationloaded by the S 390 conput er operator. They
act as high-speedtraffic cops, acceptinginfornati onfromone port, inter-
preting the destinationaddress, androutingtheinfornationtothe appro-
priate port. ESONDO rectors al so performthis swtchingfunctionin
channel -t o-channdl canfigurations, wereinfornationistransferredd rectly
bet ween two § 390 processor units through an ESCOND rector |ink.

Three ESOOND rector nodel s are used wth § 390 conput ers: the
9033 ESCON Di rect or Model 4whi ch repl aces the Mdel 1) and t he 9032
ESCON Di rect ors Model 2 and Model. 3The 9033 is atabletop unit that
provides 8, 12, or 16 ports, any of whichattachto ei ther ESONI/Ochan-
nelsor I/Ocontrol units. Aty 9033wthless than 16 ports expands at any
tine (inincrenents of 4ports) toatotal of 16 ports. The 9032 nodel s (see
Fgued.6) arefloor-standingunitsthat support from28to 124 ports, any
of whichcanbeattachedtoeither ESONI/Ochannel s or 1/Ocontra units.
Any 9032 can be expanded at any tine (inincrenents of 4 ports) tothe
naxi numnunber of ports.

h any ESCNDO rector, individual ports can be configuredto be
dedi cat ed connecti ons—bet ween an ESON |/ Ochannel and an 1/ Ocontr ol
unit, for exanpl e—er i sol atedto permt only specific connections. Lpto
two ESOND rect ors can be connect ed t oget her (usi ng a dedi cat ed port on
each ESONDrector) inasinglelink. ESONDO rectors can be used i n
conjunctionwth the 9034 ESGON Gonverter (di scussed bel ow to attach
non- ESCON capabl e |/ Ocontrol units to ESONI/ Ochannel s.

ESONDrectorsprovideflexibilityinestablishinglinks betweena
set of ESOONI/Ochannel s and I/Ocontrol units. Wthout an ESCON
D rector, one ESGNchannel attachestoonly onel/Ocontra unit (a point-
to-poi nt ESCONI npl enentati on). Wth an ESOOND rector, one ESCON
channel can send and receiveinfornati onwth nany different 1/Ocontrol
units asthe BBSOND rector perforns the swtching necessary toroute the
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Figure 4.6. ESOOND rector Mdel 3.

infornationtoany I/Ocontrol unit attachedtothat ESCOND rector. Vien
attached to mul tipl e ESGON I/ Ochannel s, an ESCOND rect or noves
infornati onnoreefficiently betweenthe S 390 processor unit and at t ached
[/Ocontra units by usingany of theavail abl e 1/ Ochannel s t o conmuni cat e
wthany I/Ocotrd unit, dinnatingtheneedtowvait for aspecific channd
toconpl eteany inprocess activity.

ESCND rectors al so extend ESCNchannel capability. S nce each
direct ESONIinkis from3km(basic ESCN to 20 km( ESCON XOF)
| ength, addi ng an ESCON D rect or doubl es t he naxi nrumdi st ance be
tweenthe processor unit andthel/Ocontrd unit (suject tothelintati ons
of specificcontrol units). By pl acingtw ESOND rectors (the naxi
allowed) inalink, ESONIinks of 9to 60 kmare obtai ned between &
390 processor units or between an § 390 processor unit and sone |/ Ocon-
trd units. Geater d stance neans nore fl exi bility wen physical |y position
ing el enents of an § 390 conput er conpl ex.

APS 2 (not providedwththe ESGCINDrector) confi gures and nan-
ages an ESONDOrector. It canbe pl aced ontop of e ther a 9033 or a 9032
@onfigurationfunctions canberestricted and password-protectedto pre-
vent unaut hori zed tanpering wth an ESOONG rector. ESGINI/ Ochan-
nel s or 1/Ocontrol units can be added or renoved froman ESCOND rect or
wthout disruptingthenornal operationof other devices attachedtothat
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ESONDirector. The ESCON Manager a licensed sof tware program(di s-
cussed in Chapter 7), works wththe ESCIND rector tosinplify thetask
of nanagi ng conpl ex syst emi nt er connect i ons.

ESCON Converters

The ESCON Converter Model 1 (9034)shownin Figure 4.7, attaches
non- ESOON capabl e | / Ocontrol units (such as t he 3990 DASD Gont r ol
Lhit) to BSCNchannel s. It convertsfiber-opticprotoco stoparallel pro
tocol s. ESCON Converter Mbdel 2 (9035)showninFigure 4.8, al | ows
ESGN-capabl e | /Ocontrd unitstodirectlyattachtopara l e |/ Ochannel s
on ol der § 370 processors, such as the | BM3090 and sone | BM4381 sys-
tens. It convertspara lel protocol stofiber-optic protoca s. Both nodel s
have a naxi numdata rat e of 4.5 Mg sec.

The 9034 i s desi gned for use inenvironnents i nwhicha S 370 or
S/ 390 conputer installationis mgratingtoESONover tine. It enabl es
nost non- ESOON capabl e |/ Ocontrol units to be used on basi ¢ ESOON
channel s to benefit fromt he ext ended di stances (up to 3 kn) af f orded by
such a connecti on w t hout havi ng to nodi fy exi sting appl i cation software
or dat abases.

PsshomnearlierinFgure4.5 the 9034 attachestothe |/ Ocontral
wit usingthetrad tiona busandtagcabl es usedwthpara I € |/ Ochannd s.
Thet is, the9034 appearstobeapardld |/Ochannel tothel/Ocontrd unit.
The 9034 then at t aches t 0 a basi c ESONI/ Ochannel confi gured t o oper-
ate i n ESOON Gonverter node. Wien an ESOON |/ Ochannel operates in
ESCON Gonverter node, it sends and recei ves data at 4.5 MB/ sec (rat her
thanitsnornal 10 MBsecrate).

Figure 4.7. 9034 ESQCN Converter Mdel 1.
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Figure 4.8. ESQON Converter Mdel 2.

I/Ocontrol units usingthe bl ock mil tipl ex node of communi cat i ons
and sel ected byte nul ti pl ex node units (supporting ESCNchannel s) can
be used wththis type of aconnection. The ESONchannel nust be dedi -
catedtothe 9034 andits connected I/ Ocontra units. Uptoeight I/ Ocon
tra unitsattachtoone 9034. Byte mil tipl exor channel support el i ninat es
theneedfor paral | € channel s for these devices and a | ovs for aneasy tran
sitionto ESON

ESCON Remot e Channel Extender (9036)

The 9036 can utilize cormon carrier fiber over ESONdi stances, enabling
di stances of upto 60 kmfor ESOONXCF. It provides the functions t hat
permt common carrierstooffer access tofiber trunks, thus inproving
renot e connecti vity across public rights-of -way. The 9036 provi des
mul ti node/ si ngl e- node conver sion, full 200- MB servi ces (conpared t o
Tl EUV T3/ E3wth a 45-MB maxi nunm), full nonitoring of common carri er
link, dataintegity, audtability, adcotrd. The9036attachesdirectlyto
an § 390 ESAON channel .

To connect tothe conmon carrier fiber, 9036s nust resi de at the com
non carrier central exchange office. This canbe asing e stand-al one uni t
wthanoperator/serviceconsd eor, for greater comectionflexibility, ol -
tiple rack-rmounted units with local or renote consoles. An
operator/ servi ce consol e supports upto 14 | ocal 9036s. The si gnal repeat
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di stances arethe sane as wth ESGQOND rectors, al |l ow ng a naxi numof
three 9036s per end-to-end | ink.

I/ O Channel/Bus Expansion Options

Exlierinthischapter, 1/Ochanne sandinternd |/ Obuses (for rack-nount ed
S/390 conput ers) were i ntroduced as t he gat eways t hr ough whi ch i nf or na-
tionis exchanged between § 390 processor units and external peri pheral
equi pnent (suchas vorkstationcontrol units, high-speedprinters, and com
nuni cati ons control units) or other 390 processor units. A so descri bed
vere the two basi ¢ types of 1/Ochannel s usedwth S 390 conput ers: paral -
I el channel s and ESOON channel s. Sone § 390 conput er s have st andar d
[/ Ochannel s, but othersdonot. Ineither case, the nunber of 1/Ochannel s
andinternal 1/Obuses is expandabl e to provi de nore pat hs over whi ch
infornati on can nove. Inthis section, we exploretheway inwhichl/O
channel s are addedtothe paral | el syspl ex—capabl e S 390 processor units.
(Seetheappend x for detail s onother S 390 processors. )

Ai r- Cool ed Frane S/ 390 I/ O Channel Expansion

Fgure 4.9 shows the a | ovabl e 1/ Ochannel configurations for the § 390
air- cool ed frane processors. Al air-cool ed frane systens requi re anni -
numnunier of |/Ochannel s, as showninthe figure. This mni numl/O
channel requirenent canbenet by installingall pardld channd s, al ESGN
channel s, or a conti nation of both. Qotional |y, additional circuit boards
for I/Ochannel s (paral | el or ESOON gi ve an § 390 processor unit nore
t han t he mini numl / Ochannel confi guration. Each I/ Ochannel boardin-
stal | ed adds four 1/Ochannel s tothe system The nuner of each channel
typeinstalled, asvel| asthetota nuner of |/ Ochannel s, cannat exceedthe
naxi nuns shown in F gure 4. 9.

The paral | el channel s operateineither ESA 390 or LPARnode and
address upto8contra units and 256 associ ated |/ Odevi ces. Thefirst group
of 8parale channel soperatesineither bytenltipl ex node (40 KB secto 1
MB sec) or bl ock nul tiplex node (1.5 M¥secto4.5 M sec). Qher paral -
el channel s operateinbl ock nul tipl ex node. Byte nul tipl ex node i s used
for attachingrel atively sl owdevi ces (for exanpl e, a 2450 Gard Reader) ;
bl ock nul ti pl ex node i s used for attachi ng faster devi ces (such as DA,
tapeuits, o priners).
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Figure 4.9. 1/Ochannel configurations for air-cool ed frane ES 9000 syst ens.
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ESGON channel s address up to 32 control units and 256 associ -
ated I/ Odevices. The basi c ESONchannel s operate i n bl ock nul ti pl ex
node (10 MBor 17 M/ sec) and can be cabl ed to control units or I/
devi ces up to 3 kmaway fromt he § 390 processor unit. Escon channel s can
address upto 123 control units and 1, 024 associ at e | / Odevi ces.

Wat er - Cool ed Frane S/ 390 1/ 0O Channel Expansion

H gure 4. 10 shows the al | owabl e I / Ochannel configurations for the
wat er -cool ed frane processors. Al water-cool ed frane systens require a
n ni numnunier of 1/ Ochannel s as showninthe figure. I nsone water-
cool ed frane processors, the mni numchannel requirenent i s net by
the I/ Ochannel s provi dedinthe standard configuration. In other nod-
els, the user se lectsthetypeadf I/Ochannel usedto neet the nini numcon
figwationrequirenant. Quionaly, addtiond circuit boardsfar I/Ochamnd s
(paralel or BS0ON givean S 390 processor unit nore than the nini numl /
Ochannel configurati on. The nuniber of each channel typeinstal led, as wel |
asthetotal nunier of I/Ochannel s, cannot exceed t he naxi nuns shown in
Haure 4.10.

The paral | el channel s operateinthe sane configurationsasinair-
codl ed frane processor s (see above) .

System 390 M croprocessor |/ 0O Channel Expansion

The S 390 paral | el server (9672) Mdel s ED1 to ED8 support up t o 24 ESCN
chamnel sinacentra e ectronic conplex ((E). Insta lingan expansi on cage
inthe frane w th the CECprovi des support for up to 24 nore ESCON
channel s, bringingthetotal per (ECto 48. Three ESONchannel s are
standardineach (EC Additional channel s are added inincrenents of three.

Mbdel s PO1 t o PO3 support ESONand paral | el channel s. Paral | el
channel s are avai | abl e by repl aci ng an ESCNcardwth aparal |l el card
(providingincrenents of three channel s) or by attachi ng an ESCON Gn-
verter (9034) Mdel 001 (di scussed earlier). Inadditiontosupportingboth
ESONand paral | el channel s, Mbdel s FO1 t o PO3 have the capability to
support currentlyinstalledbus andtag cabl esthroughatail gate. The Gu
pling Facility (9674 Mdel (D1) does not support either ESCNor paral | el
chand s; it usesonlythecoudinglirks.

161
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I/ Ochannel configurations for water-cool ed frane ES 9000 syst ens.



Syst enm1 390 Peri pheral s—uel i ng a Revol uti on 163

Serial Storage Architecture

Busi

Wthall of theinherent power and perfornance of the channel s just dis-
cussed, nore perfornance i s requiredto nove | arger vol unes of data nore

qui ckl y anong nor e denandi ng peri pheral s and processors. Serial Sorage
Achitecture (S84 isaneva vingarchitecturethat wll neet those needs.
SAisahigh-perfornance, | owcost seria interfacefor connecting storage

devi ces, storage subsystens, servers, andvorkstations. 1t has nany netvor k-

i ng and ot her features enabl i ng i nnovat i ve appr oaches t o connectivity for
nany applications. Athoughit iscurrently of greatest interest asare -
pl acenent for snal | er capecity peripherds, it isappicad etolargesystens
asvl.

Thefirst SSAinterface (cal |l ed the 9333 1/ OChannel ) was devel oped
by IBMas aproprietary interface for hi gh perfornance storage appl i ca-
tions. Today thousands of theseunits areinsta led. 1n 1991, | BVinade t he
technol ogy avai | abl eto the conputer i ndustry as one of the seria storage
optionsfor the Sal | Gnputer Systens Interface (SC3-3). 9 nce 194, SSA
st andar di zat i on and docunent at i on has been under the control of the ANS
conmttee responsi bl e for SC3-3, and si nce January 1995, the SSAIndustry
Associ ati on has been acti vel y pronoting t he t echni cal and economic ben-
efits of SSAtothe conputer i ndustry.

Wthout gettingtoodeeplyintothe SSAtechnol ogy, the fol | owng
sectionsidentifythe expected benefits of thisarchitectureand sone of its
features. Mreinformationis availabl e froml BMiand fromThe SSA | ndus-
try Associaion.*

ness Benefits of SSA

Inag neavorl dvwhereasing el/Ointerface ef fecti vel y addr esses t he needs
of the entire spectrumof conputers, frompersonal conputers to
super conput ers. SSAi s such aninterface, providi ng unparal | el ed connec-
tiontoawdearray of periphera products. It has been specifical |y desi gned
toconmnect diskdrives, tapedrives, M RN, optical drives, printers, scan
ners, and ather periphera stoworkstati ons, servers, and storage subsyst ens.
It dffersfrontraditiod pardle inerfacesinseverd besicvays.

* Mich of the informationin this section was devel oped froman SSA I ndustry Associ at i on docunent
entitled “Serial Sorage Architecture, ATechnol ogy Orerview” dated 1995. It was devel oped by D
Deni ng.



164 EXPLORING IBM S NEW AGE MAI NFRAMES

Frst, itispredonmnantlyaloop-besedinterface, incontrast to 3,
wichisalinear or stringinterface. SSAsuppartsthreeintercomnecti on (net-
work) topol ogi es (configurations): string, 1oop, andswtch. As described
later, SSAsupportsupto129nodesinastring, 128 nodesinaloop, and a
virtual 'y unlinmted nunber of nodesif swtchesareused. Thiscontrastswth
para | el SC3, whichsupports only 8 or 16 devi ces.

S ring topol ogi esrethe sinpl est topd ogi es, usinginterfacestocon
nect upto 129 devi ces (nodes) i nacontinuous string. The nodes at either
endof thestringcanbesing e-port nodes, dual - port nodes wth one port not
operational, or aswtch. Theinternedi ate nodes, if any, are a ways dual -
port nodes. Each | i nk bet ween nodes oper at es i ndependent | y and nanages
itsomdataflowcontrol anderror recovery. Anerror inonelink does not
affect other links. Abreak at any point inthe string, honever, nakes al |
nodes beyond t he break unusabl e.

The 1 oop topol ogy(illustratedinF gure 4. 11) renoves that singl e poi nt
of failureby providingaternate paths toeach nodeinthe network (upto
128 dual -port nodes). Asingl e break inthe | oop continues to al | owconmu-
ni cationanong al | nodes vi awhat has becone astringinterface. The |l oop
al so provi des the advantage of all owng anodetobeinsertedintoor
renoved fromt he | oop dynamical | y w t hout preventi ng conmuni cati on
between t he ot her nodes. Bven t hough t he net work nust be reconfi gured,
the | oop renai ns functional .

The swi tch topol ogyi s the nost conpl i cat ed and requi res addi ti onal
hardvware to i npl enent. Sartches support upto 96 ports, but because t hey
a | owa nuntoer of strings to be connected, they achi eve anal nest unlinted
nuniber of nodes (thet is, avirtua |y unlimtednetwork configuration). The
swtchsuppartsadternatepathstoachievefaul t td erance.

Asecond differenceisthesignificant i ncreaseinbandwdththat SSA
enabl es. The fundanental bui | di ng bl ock of SSAis asingl eport capadl e of
carryi ng on two si mul t aneous 20 MF sec conver sati ons, one i nbound and
oneoutbound Thisisreferredtoasthe link speed thetotd trafficonether
line, and equates to a port speed of 40 M¥ sec total bandw dthin
full -du pl ex node.

Because an SSA connectionis two ports (both of whi ch can be
dupl exed), it iscapad eof carryingonfour sinol taneous conversati ons (send
ing and recel ving through each port) for atota avail abl e bandw dt h of 80
MB per second. Achievingthistheoretical capacity requires spatia reuse
(describedbel o andful | -dud ex transfers. These, inturn, requi re advanced
har dwar e and pr ogr amm ng behi nd t he SSAi nt erf ace. Because t he SSA
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Figure 4.11. Looptopol ogy characteristics of the SSAarchitecture.

ar chitectureis open-ended, hi gher speeds (up to 40 MBand 100 MF sec)
can be suppor t ed.

Thefact that thereare nobus phases (suchas arbitrati on, sel ection,
andresel ection, i nwhi chpackets of infornati onviefor access tochannel s)
reduces t he over head associ ated wth SSAto around 6 percent. That is, ¥4
percent of thedataontheinterfaceis your business data (S3Ai s about 94%
efficient). Thethirddifference cones t hrough spatial reuse Wi ch enabl es
separat e SSAl i nks (peri phera devi ces) toperformoperati ons si nul taneously.
Addtiod detall isprovidedlater.

SAsdud -port, ful-dudexarchitecturea | ons periphera stobe con
nectedinconfigurationswthnosing epoint of failure. Because miltiple
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paths areinherent inthedesign, increasedfault toeranceisfar easier to

i npl enent . SSA provi des “hot pl uggi ng” of devices and autonati c
reconfi guration, al | ow ng devi ces t o be added or renoved whi | e ot hers con

tinuetooperate. For configurationflexibility, SSAnodes canbe upto 20
neters apart, usingl owcost, copper, shie dedtwsted pair cadl es (i nstead of

noretypical 68-wrecade). If fiber-opticcad es are used, the di stance be-

tween nodes i ncreases to 680 neters. SSAal so uses exi sting VBt echnol -

ogy, ensuringthat itscost wll benohi gher thanexisting S costs.

Feat ures of SSA

Networ k configuration (i nterconnecti ngtwo or nore nodes) ishuilt intothe
SSAstandard, enabl i ng aut onat i ¢ confi gurati on and dynannc changi ng. Thi s
sectionreviens the basi c structures of an SSAnetwork, sone of whi ch have
beenintroduced earlier. Twofeatures, routi ng and spatial reuse, are
exploredinnoredetail.

Net wor k Characteristics

The nost basi ¢ network consi sts of asingl e-port (gateway) host adapt er
connectedtoasing e-port periphera. Theseria connectionconsists of six
wres, four of whichareusedtotransmt franes of i nffornation. A franei s
aunt, wthanexact fornat, that isusedtotransfer all infornationacross
theserid link Therearethreetypes of franes, varyingbythetypeof infor-
nationthey transfer. An  application frandgransfers data (upto 128 byt es)
and any nessage structure infornation (upto 32 bytes) used for conmands,
data, status, andvendor specificinfornation A privileged frandransfers
configurationand error recovery data. A control frange s used only for node
o linkresets. Theapplicationand privil egedfranes consi st of a sequence of
at | east sevendatacharacters delinmted at each end by speci a characters.
The control franefol l ows the sane fornat but wthnodatafiel d

Alink, as describedearlier, isaded cated connection between two
single-port nodes. Wenit iside(that is, wennofranes are beingtrans-
ferred), synchronizing characters are sent between the singl e-port nodes,
keepi ngthe li nks synchroni zedand al | owng the network toi nstant |y det ect
alirkfalue

Anodeisasystem contrd ler, or devicewthoneor noreserial |inks.
Eachnode has aspecificresponsibility, task, or use(thet is, function) that
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definesitsressonfar existing Thethreetypes of nodes aresing e-port, dud -
port, or swtch-port. A port consists of the hardware and firmmare to sup-
port oneendof alink. Mt of aport’sfunctionisalready availablein
current technol ogy chi ps.

Nodes operateinone of two nodes, initiator andtarget. In Initiator
mode, the node w thi n a devi ce determines what task needs to be execut ed
andvwhichnodew || performthedesiredtask. It creates franes of i nforna
tiontobesent acrassthelink and confirns that t he node perfornedthetask
ass gedtoit.

Qeinitiator inthe network nust be desi gnated as the mast er node
Thi s node perforns the confi gurati on process of the network. A thoughonly
oneintiator issdectedasthenaster, anyinitiator i nthe SSAnetwork nost
be capabl e of perforningthisresponsibility. Thisrequirenent protectsthe
network i f the current naster breaks or soneother initiator exercisesits
option (naster priority) tobeconethe naster.

The naster i s responsi bl efor i nfformng ot her nodes of their | ocati on
inthe network by i ssui ng speci al configuration nessages. Qher initiator
nodes i n the networ k al so performa confi gurati on process to di scover the
links and nodes that are operational wthinthe network. Thisresultsina
@figrationTdd elistingd | thenodeswthpa nterstorepresent the physi-
cal links. Initiatorsthensel ect aprinary pat h address t o each node and
cal cul atethe correspondi ng return path. Dual -port nodes provi de al terna-
tivepathsfromtheinitiator, givingtheinterface redundancy and spati al
reuse bengfits.

Intarget node thenodeinfornstheinitiator that it isreadyto
recei ve afrane of i nfornati on and acknow edges recei pt of those franes. A
target node nay have upto 128 logical units (LWsyattachedtoit. AnLUis
aphysica o virtual peripherd devicethat isthebesicaddressableunit ona
target. Logical unitscanbeaportionof the periphera device(apartition,
for exanpl €). The LUs provi de the functionfor whi chthe nodeis respon-
dbe

Frame Routi ng

The router (see Hgure 4.11) isresponsiblefor forwarding franes tothe
devi ces support ed by the node functionor tothe outbound | i ne of anot her
port inthe node. The address fi el d of theinbound frane det er nnnes whi ch
actionit takes. Wenthenode ariginatesafrang, it instructstherouter to
transmt thefraneonaspecifiedport. Al nessageand datafranes rel ati ng
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toaparticul ar conmand use t he sane port. The routing capability denon-
stratesanainfeature of the SSAinterface-d | routingis doneinhardvare.
Neither firmmare nor softvareisinva vedintheforvardi ng of franes, pro-
vi di ng hi gh speed t hr ough a node.

Spati al Reuse

As defined earlier, spatial reuse enabl es separate SSAl i nks (peri pheral
devi ces) to performoperations si miltaneously. Thi s si mul t aneous
nul titaski ng capability wthinasing enetwork enabl es mil ti pl e network
intiadostotramsmt dfferent processestod fferet targets si nol taneowsly.

Because each | i nk bet ween nodes (and bet ween t he node and t he host
conput er) functions i ndependent of the other 1inks, severa transfers occur
concurrently at theful | bandw dt h descri bed above, provi dedthet eachtrans-
fer usesadfferent link. This a | ons nuch hi gher aggregat e t hroughput than
atokenringor abus. Apractica illustrationaof thisresultswenoned sk
driveonastringor loopis backed uptotapewhileanother driveonthe
sane string copi es dat a froma > RMand yet anot her dri ve sends dat a
toapriner.

Di sk Storage

Al S 390 conput er s need sone di sk st orage t o conpl et e t he conput er sys-

tem Thisstorageis provi ded by vari ous confoi nati ons of direct access stor-

age devi ces (DASXx). The basi ¢ anat ony of a DADwas descri bed i n Ghapt er

2 Wthinthelast severa years, | arge conput ers supporting nassi ve anaount s

of datahave becone critica e enentsinconpetitive business strat egies.

G ow ng vol unes of dat a and i ncreased urgency i n accessi ng dat a have | ed
tonewtechnd ogi esfor ensuringtheavailadlityandreiablity of dataad

perfornance of devi ces hand i ng data. These technd ogi es i ncl ude t he use of

Redundant Arrays of | ndependent D sks (RA D, hi gher-density devi ces, and

the integration of conponents to create “fault tolerant” and
high-avai lability products. Thi s section presents an overvi ewof thesetop

ics*

*|nformationinthis sectionis adapted froman article by J. Young and M Kahn for The ai pper
Qoup Navigator titled“I BMs RAMAG-Bat a Storage That Keeps On Ti cki ng,” publ i shed August
15, 1994. It is used here wth permssion of The Qi pper Goup, Inc.
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DASD Performance

Itisinportant tounderstandalittlebit about DASDperfor nance because
innost applicationsit paysaninportart roeintheovera |l perfornance of
aconputer system Thisisparticu arlytrueincommercia environnents, in
whichthereis usual |y heavy transfer of infornation between a DASDand
catrd staage

The “perfornance” of a DADreferstotherate at whichinf or na-
tionis|ocatedandtransferred between the DA®and central storage. The
aver age speed at whi ch afixed disk positionstheread/ wite head over the
proper regionof theplatter i sthe average seek ting usual |y expressedin
ml | i seconds (1/ 1000 second). After theread/wite headis properly posi -
tioned, thesystemnoust vait astheplater spinsuntil the needed databeg ns
topass under theread/witehead Theaveragetineit takesfor thep atter to
rotatetothe proper positionfor processingtherequireddataiscaledthe
average latency whichisa soexpressedinmlliseconds. Fnally, oncethe
read/ witeheadis positioned andthe dat a begi ns t o pass by on the spi nning
platter, theinfornationistransferredfromthedi sktothecotradler. The
speedat vhichthisisdoneiscaledthe DAD s datatransfer rateThisis
usual |y expressed inmllions of bytes per second (MB sec). The shorter the
seektineandthel atency, addthehigher thetransfer rate, thenthebetter the
perf or mance of the DA subsyst emand, often, of the overall S 390 com
puter system

I'nadditiontothese DA speci fications, other perfornance consi ¢
erations apply i n configuring the DA subsyst emof an § 390 conput er.
These consi derat i ons i ncl ude t he nunfber and type of DA control | er(s)
bei ngused, theuseof interned at e storage aress (cacheandnonvad atil estor-
age), andthe §390 1/ Ochannel configuration.

RAI D Technol ogy

The RA Dt echnol ogy was desi gnedinitial |y as a neans of | owering the cost
of storage for conputing systens (reflectedintheterm”Redundant Aray
of Inexpensive DO sks,” whi ch has subsequent |y been changed t o “Redun-
dant Array of Independent Dsks”). Michof theinitia focuswas on assess-
i ng t he advant ages of using very | ow cost drives at the expense of
conpensatingfor their norefreguent fail ures.

IBVIs history wth disk drives goes back t ot he devel opnent of the
first RAMMNCdevi ce, discussedin Chapter 2. 1ts research on net hods for
over coning storage systemfai luresledtothefirst patent i ssued, i n My
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1978, for a disk array(sinply put, anorgani zationof nultiple di sks) sub-
system Thus, it was not surprisingthat |Bviwouldjoin, in 1987, wth
researchers at the Lhiversity of Gliforniaat Berkel eyl ooking for waysto
| oner storage costswhileinprovingreliability and, perhaps, perfornance.

The origina research focused on desi gns for overcomng the defi ci en
ciesd lessreiad e |oner-capecity, | oner-cost d sks by conti ninglarge num
bersinanarray. Large nunbers woul d be needed t o nat ch t he capaci ty and
perfornance of afewvery large, high-cost storage devices theninuse on
| arge conput ers. S nce nor e di sks nean nor e chance of physical failure, the
array designwoul d preserve detaavai | abi ity offsettingthe hi gher probabi | -
ityd failueinany oned thosed sks.

The Berkel ey project resultedindefiningfivelevelsof redundant
arrays, three of wiich (RADIlevels 1, 3, and5) have beeni npl enent ed by
nanuf acturers (RA Dl evel s 2and 4 renai n prinarily academnc archit ec-
tures). Subsequent tothewvork done at Berkel ey, additiond levelsof “RAD
technol ogy have beendefined. © RAID O refersto data striping inwhich
cetaisrecordedsequetialy (instripes) across severd d sksrather thancon
tinuouslyononed sk Wil eit does nat provideprotectionagai nst fail ure of
aconponent (that is, it provi des no dataredundancy), it does provideim
proved I/ Operfornance. © RA D6 extends parity checking, explained|ater,
totwolevel's, increasingthe conpl exity of R Dprocessi ngwhi | e provi ding
incressedlevd sof fadt td erance.

RAD 1 oftenreferredtoas datanirroringor dual copy literaly
witesthesanedatatotw d fferent storage devices a thesanetine This
i sthesinplest and nest perfornance-efficient RA Dinpl enent ati on. That
isoffset, however, by the added cost of doubl i ngthe st orage space requi red
for business data. WWen usedtoprotect the nost val ued business data, it is
aninportant di nensi on of data nanagenent .

RADlevels 3, 5 and6all require the use of parity infornati oo
rebui | d mssi ng i nfornati onwen one part of anarray of dataislost. For
nany years, the parity concept has beenusedtoinprovethereliability of
conput er nenory. The t echni que i nvol ves t he use of sophi sti cat ed al go-
rithns toreconstruct mssing datafromwhat i s knowabout that data. A
sinpleanal ogyisfoundinabasicformila suchas?2+6= X inwhichthe
nuniber s represent known dataandthe X (8) represents parity. Aslongas
awytw o thefactorsintheeguationandastatenent of their rel ati onship
are known, the third el enent can be f ound.

Thedifferencesinthethree RADl evel susing parity are seeninthe
useof theparityinfornation. RAI D 3pl aces data on one set of disks and dl |
parity dataonasingl e separatedisk. Athoughthis sinplifiesthesystem
operation, it cancreateabott!eneck (contention) at the parity di sk wen
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nul tipledevicesarewitingtothat diskat the sanetine. RAl D 5spr eads
parity data across two or nore disks, onwhichit alsostoresdata. This
resutsinmitipewiteoperationstonul tipled sks, creatinga“wite pen

a ty” duri ngwhi chthe ongoi ng appli cation canbe del ayed. It does avoidthe
contention created by RN D 3, however. RAID-§ not often usedincom
nercia applications, inposes agreater “wite penal ty’ and added conpl ex-
ityasit usestwseparateparity schenestoassure dataavai lability, evenif
twodrivesshou dfail.

RAMAC Array Architecture

The first Systent 390 RAMAC devi ces wer e announced and shi pped by | BM
in1994. In June 1995, fol | ow on technol ogy was i npl enent ed i n RAVAC
2 storage systens. A though RAMMNC2 provi des greater density dri ves and
i nproves the overal | systemperfornance, nost product characteristics
rena nthe sane. The RAMMCArray architectureis built onfour building
bl ocks: the3. 5inchdiskdrive initialyintroducedas a2 @ capacity drive

and upgraded wth RAMC2toa 4 @Bdri ve; the drawer; the rack; and the
3990 Sorage Gntrol . Each of these contributestothefault tol erant and

high avai | abi lity characteristics of the RAMAC and RAMAC 2 Array
devi ces.

The 3.5-inch Utrastar XP di sk dri iesshown i n H gure 4. 12a and b)
uses | BMs thin-fi | mnagnet oresi stive (MR head t echnol ogy, whi ch has a
dual -el enent configurationthat alows readandwiteactivitiestobe opti-
nized i ndependent | y. The di sk al so provi des an areal density of 865 nega-
bits (Mb) per squareinch. Rotatingat 7,200 revol utions per mnute (rpm,
it provides an average seek tine of 8 mlliseconds (ns), a nini numseek
tineof 0.5ns, latency of 4.2ns, anddatatransfer rates of upto 12.6
negabyt es (MB) a second. (See “DAD Perfornance” for expl anati ons of
these netrics.) These perfornance characteristics nakeit one of the fastest
perfornming st orage devi ces avai | abl e.

The RAMAC drawer (shown in Figure 4.12c) operates as a
hi gh-per f ornance RA D5 array. Each of the 16 drawers has dupl ex pat hs,
bat t ery supported nonvol atil e cache, 32-bit mcroprocessors, and four
3.5 inchdiskdrives. Intheevent of apover failure, thedraner isableto
witecachedatatod skensuringfaut td erant dataavailability.

The RAMAC rack (shownin F gure 4. 12d) supports 16 drawers wth
redundant pover supplies, mil tipl e datapaths, redundant coding fans, and
adud -linecord, futher enhancingtheavailability of datatothe applica
tion. Therack, for the array DA nodel s, attaches to the 3990 S orage
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()

Figure 4.12. RAMMCArray Architecture. (a) and (b) Utrastar XPdisk dri ve.
(c) Daver. (d Rk

Qtrol, dscussedlater. Aray subsystemracks containcontro ler | ogicad
har dwar e and connect directlytoa Systemi390 channel . Inthe first RAVC
configurati ons, each drawer hel d 5.6 @and eachrack heldupto 90.8 &
Wth RAMMC 2, these capacitiesincreaseto 11. 35 @B of usabl e capacity
per drawer and each rack supports upto 180 B of data

Several designfeatures contributeto high perfornance and conti nu-
ous avai labi lityinRACstorage devices. Inadditiontothetechnol ogy
characteristics a ready nenti oned, perfornancei s enhanced t hr ough sequen
tia datastripng, DADfast wite, cache, andconcurrent copy. Availability
enhancenent s i ncl ude dynannc di sk reconstructi on, fault tol erance t hrough
conponent redundancy and nonvol ati | e storage (NS, and dynanic spar -

irg
Per f or mance Feat ures

Sequential data striping ntroduced earlier i nthe discussi onof RN Darchi-
tecture, inproves perfornance for bat ched sequentia datasets, particuarly
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for sequertia witeapplications, byplacingdataacrossnultiplevd unesin
parallel rather thanqueuinga | of thedataagai nst asing e datavo une. In
RAMMC s i npl enentation, datais stripedacrossthefour drivesin each
draver. ThisfunctionworkingwthRAD5dataparity contributesto high
per f or nance w t h near - conti nuous avai | abi lity. Vien successi ve tracks are
stripedsequertially, parityinfornationis generatedfromthe cotert of the
newywittendatawthout havingtoread o ddataand o d parity i nforna-
tion. Thischaracteristiccontributestohighdatarates and reduced e apsed
tines for sequentia witeapplications. The aggregate datatransfer rate
becones the sumof therates for thetota nuner of vol unes assi gnedto
thelag cd aray.

DASD Fast Witeenabl es dataintendedtobewittentorel atively

slowDAS»s tobewitteninsteadtononvol atil e storage (NS, di scussed
bel ow innuchlesstine. Thisfreesthe storage subsystemto proceed wth
out havingtowvait for there atively |l ong e ectronechani cal del ay associ at ed
wWthactual lywitingthedatatoa DASD NSprotects theinfornation
fromunexpect ed pover outages andwitestheinfornationtodisk at atine
conveni ent tothe subsystem

Asdefinedearlier, cacheishighspeedd ectronic storage (sennconduc-
tor nenory) that autonatical |y gathers and hol ds datal i kel y to be needed
soon. Miltilevel cache, locatedinthecontroller, therack, andthe draver,
enabl es t he subsystemt o di stri but e workl oad anong the di fferent | evel s
achi evi ng bot h hi gh perf ornance and avai | abi | i ty advant ages.

Usi ng a cache as a stagi ng poi nt for readi ng data fromandwiting
datatoaDADcan significantly inprove sone el enents of storage sub-
syst emper f or nance. There are a nunber of net hods, refl ecting vari ous
tradeoffs, for usi ngacache and a nunioer of pl acesto positionacache. The
princi pl e behi nd usi ng cache storageliesinthefact that wveendataisread
fromaDAD(are ativel y ti ne-consuning process), additional datalikely
toberequestedinanupcomng read request i s near tothel ast dataread.
Thus, rather thanvaiting for the next read, sone anount of additional data
isreadintocachewhentherequested dataisread. |f the subsequent read
request issatisfiedfromheadditional datad ready readintocache (acache
hit), sigificat parfonancegansaeachieved Gearly, thelarger the cache,
thenore datareadinandthe greater the likelihood of acache hit. The
geder thenunber of cachehitsinrdaiontothetod atenpts (hit ratio),
thebetter the overal | subsyst emperfor nance.

nthe other sideof theequationareal gorithns for mnimzingthe
i npact of cache msses (Where requested datais not foundin cache and a
triptoaDADisrequired). Asignificant neasure of subsystemefficiencyis

173
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the frequency w t h whi ch dat a nust be read froma DASDrat her than from
a cache. Asecond neasure i s the anount of tine requiredto nove data
froma DASD Aggregate performanceis afactor of both of these neasures.

To achi eve opti numsubsyst emt hr oughput, the | BM3990 Mbdel 6

Sorage Gntrol candetermneif datawoul d benefit fromrecord cachi ng,
track caching, or nocachingat all. Becausethe opti nal cache nanagenent
al gorithm(track or record) varies fromone applicationtoanother, or even
wththetineof dayfor the sane application, anadaptive designfor sel ect-
i ng the best perforning caching node i s i nportant. During bat ch process-
i ng, track cachi ng nay provi de better perfornance because nany records on
the sane track are accessed sequentia ly. Dringon-linetransacti on process-
ing, record caching nay del i ver better perfornance because requests arefor
datathat isnorerandonhy distributed (datahas apoor “locality of refer-
ace’).

Concurrent copycreat es a backup copy of data whil e al | ow ng ot her
product i on processi ngto continue, virtua Iy renovi ngthe need for a backup
w ndow Qnce the concurrent copy initializationprocessis|ogicallycom
pete detaisavaladetoonrlinegyicaioswileit iscopedtothe backup
output nedia. Rerfornanceinplications areafunctionof theextent towhich
the databaseis closed to appl i cationaccess duri ng t he concurrent copy pro-
cess. IBMIs Data Facility Program(OFP) softwareis usedto “pause” the
dat abase wthout havingto“close” it. Gosingadatabaseisatineintensive
operation, whereas a “pause” achi eves t he sane obj ective without the
del ays associ ated wth “cl ose/ open.” Thus, DFPensures virtual |y no
user -percei vedinpect todataavailadility.

Sof t war e subsyst ens such as 0B, | Mg and A CSuse concurrent copy.
Thi s function al sosinplifiesthe process of DASD t o- DA copyi ng or of
provi di ng dat abase copi es for bat ch processi ng. Gopi es can be nade to
DA, tape, or optical devices at ESONdi st ances.

Avai l abi lity Features

Dynani ¢ di sk reconstructi asupportsrepl acingafaileddisk driveinadraver
wthout affectinghost applications. Asoknownas “hat plugging,” thisfea
ture alows adiskdrive (a socall ed a head—di sk asseniol y or H2A to be
repl aced whil ethe other disk drivesinthe draver renai nactive. Datais
reconstructed onthedisk drivewhenit isreplaced. RN D5 processing
ensures accesstodatawhilethedriveis nat functioning.

Conponent redundancyenabl es hardware fault tol erance inthe
RAMRC st or age subsyst em Dupl i cat e st or age di sks, conmuni cati on pat hs,
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power and cool i ng devi ces, and power sources add to RAMAC s hi gh-
aadldilitydeaateristics

Nonvol atil e storage (NVS s a cache that keeps dat a frombei ng | ost
when a pover outage occurs by swtchingtoabattery backup system Gxched
dataisretanedinthisstorage areal ongenoughfor it tobe successfully
copiedtod sk. The 3990 Sorage Gntrao provi des sufficient battery backup
capabilitytonaintaindatainacachefor upto48hours, norethan suffi-
ci ent to hand e day-to-day pover out age situati ons.

@i nci dent wth keepingthe N\Spowered until dataiswittentoa
DASD the disk drives in RAMACdrawers are powered until the datais
destaged. Thi s sustai ned power supports a“graceful ” degradati on of DAD
function, ensuring appropriateretai ning of the datastate and preventing
nechani cal “head crashes” conmon to earl i er DASDs.

Dynani c spari nguses spar e RAMAC drawer s t o back up drawers
that encouter afalueo potetia falue Thisisanextensiond the dud
copy feat ure, whi chal so ensures the continued avai l abi lity of the origi nd
data. Wenadravner istakenout of action, deliberately or not, datafrom
thefalingdraver iscopedtothespare. Parityisreconstructed by the spare
draver as dataiswitten Accesstodataintheoriginal drawer continues
duri ng t he copyi ng process, preservingfull | ogical dataredundancy during
thet operation

Direct Access Storage Device (DASD) Characteristics

I BVIs nost recent |y announced | ar ge syst emconput er st or age devi ces, the
RAVAC 2 Array DASD and t he RAMAC 2 Array Subsyst em i npl enent
RA Dl evel 5technol ogy as wel | as supporting dual copy or mrroring. The
3990 Sorage Gontroller renainstheinterfacetothe Systeni390 for the
RAMAC 2 Array DASD as wel | as for the 3390 DASD

RAMAC 2 Array DASD

The RAMMC 2 Array DASD(see H gure 4. 13) of fers 180 B of data storage
inonerack and attaches to t he | BVI3990 Mxdel 6 Sorage Gontrol . (RAVRC
asoattachestothe 1 BVI3990 Mdel 3 Sorage Gntral.) It cancoexist ona
3990-6 with a string of 3390 DASDs, up to a maxi numof 180 B per
Sorage @ntrol. Sorageincrenents range froml1l 35 @inasingl e draver
tothefull 180 @Bin 16 dravers. Each drawer array i ndependent |y nanages
itsRADS5functionanditsinteractionwththe 3990 Sorage Gntrad . Each
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Figure 4.13. RAVAC Array DASD.

rack consi sts of a mni numof two drawers, configuredwth either RAMNC
or RAVAC 2 dr awers.

RAMAC 2 Array Subsystem

The RAMMC 2 Array Subsystemw ththeintegrated array control unit pro-
vides direct attachnent tothe host processor. It offers upto 180 @of data
storageinonerackin3390track fornat. Gypacity i s increased by addi ng
draversinincrenents of 11.35 @ Wil ethe 3380-Ktrack fornat is still
supported in RAMAC drawers and i nterm x of different enul ations
(3380- Kor 9345-2 with RAMAC and 3390-3 wi th RAMAC 2) i s sup-
ported w th the RAMNC 2 Mbdel 003 subsyst em the ot her nodel s support
only anintermx of ol der and newer 3390-3 fornat drawers.
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The RAMKC2 control | er cache si zes start at 64 MBand scale upto 2
@ Dl andguad contrad lersareavail abl e, providi nganather level of faut
tol erance and perfornance. The quad control | er enabl es a si ngl e subsyst em
t o accommodat e 3380- Kand 3390-3 track fornats i nthe sane rack. The
integrated storage control eml at es an | BM3990 Mdel 2 S orage Gontral
and attaches directly toahost system Hst connectivity options incl ude
para | el or BS0Nchannel adapters (discussed earlier inthis chapter) or a
mx of paral | el and ESCONchannel adapters. ESOONconnecti ons i ncl ude
a128-1 ogi cal -channel pat h addressi ng capebi litywththeabilitytooperate
a distances of upto43km Parall el channel confi gurati ons can be upgraded
to ESONchannel s or a nixed ESON paral | el configuration.

3990 St orage Control

The 3990 S orage Gntrol (see H gure 4. 14) nanages the fl owof i nf or na-
ti on between an § 390 processor unit and 3390 (and t he ol der 3380) di rect

access st orage devi ces (DAS3s) or RAMMC DASD arrays that provi de di sk
storage for §390 conput ers. There are four nodel s of the 3990 S orage
Gntrol: Mdels1, 2, 3 and6. Fgwe4d 19 a theendof thissection, pro

Vi des a conpari son of the capabilities of these nodd s.

The Model lattaches to ol der 3380 DASDininstall ati ons t hat
requireonlytwopathstothe DAD(illustratedinFH gure 4.15). The two
st orage pat hs f or mone st or age subsyst emi n devi ce | evel sel ection (DLS)
node. Inthisnode, thereisnorequirenent that al channel s be configured
tobothstoragedirectorswthinacluster (thet is, thereis aone-to-one
rel ati onshipbetweenthe storage pathandthe storagedirector).

h the 9390 side, the 3990 Mdel 1 connects tofromtwoto ei ght
(usingthe Four Ghannel Swtchfeature) parallel channels. Theabilityto
attacha 3990 tonul tipl e channel sis useful inseveral ways. For exanpl e,
wtha 3990 attached t o nore t han one §390 processor unit, each processor
unit canaccessthesaneset of infornation. Aternatively, noltip echanne s
fromone § 390 processor unit attached to a singl e 3990 provi de redun-
dancy (incase of achannel failure) andinprovedinfornation fl owbet ween
the 3990 and t he S 390 processor unit.

Onthe other side, the 3990 Mdel 1 attachestothe o der 3380 DA,
whichit control's. The el enent wthinthe 3990 that actual | y nanages the
DAYxsiscaleda storage director The 3990 Mdel 1 storage director pro-
vi des two i ndependent pat hs to a connect ed group of DASs, called a DASD
string Havingtwo paths toa DA string al | ows two i ndependent dat a
transferstooccur sinultaneouslytotwo different DA inthestring. This
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Figure 4.14. 3990 Sorage Qntrol .

nakes for nore efficient infornation fl owbet ween DASDs and t he 3990—
a key t o syst emperf or nrance i n nany envi ronnent s. Because of the two
pathstoa DADstring, the 3990 Mdel 1lis saidtohaveanultipathstor-
apdrecta.

TheMdel lislinmtedinits support capability (see FHgure4. 19, be
low. It does not, for exanpl e, support ESGINfeat ures, nondi sruptivein-
stal |l ationand renoval , concurrent nai nt enance, cache, or attachnent to
3390 strings or 4-path 3380 strings. The Mdel 1, wenusedat all, is used
nost often with internedi ate-sized ¥ 390 conput ers. The Mudel 1

can be up gradedto a Mdel 2 andthento a Mdel 3 wth cache and non-
wdailestaae
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Figure 4.15. D agramof 3990 Mbdel 1.

The Mdel s 2 and JF gure 4. 16 and 4. 17) have two st orage cl ust er s,
eachwthtw pathstothe DASD These nodel s operateineither OLSor in
DLS Ext ended ( DLSE)node.

OLSE t akes advant age of DASDstrings with four paths to each
deviceand a | ovs si nol taneous datatransfer toany four devicesinattached
four-pathstrings. Aty devicethat isnot a ready busy can be sel ect ed over
any of four paths, includi ng devi ces i nthe sane head—di sk assentl y. DL.SE
asoalowsanyonedf thefour pathstobe set off-1inetothe host wthout
dsruptingavailadlity of therenainingdevicestothehost throughthe ot her
300 paths. Thisendd esyoutoaddBunitstoapreviouwslyinstaled Aunit,
or toadd another 3390 stringtothe 3990 Sorage Gntrol, wthout di srupt-
ingtheava l ddility of edstingdevices.

Wt h t hese nodel s, you can confi gure a LS si ngl e- pat h st or age
director or aDLEml tipathstorage director toany of the channel ports.
For highdataavailability, thetwo storage paths i n a LS node subsyst em
arenat inthe sane storage cluster. InDL.SEnode wth four storage pat hs,
twstoagepathsareplacedineachcluster. Eachcl uster i nthese nodel s can
have two to ei ght channel ports.

A 3990 Mdel 2 attaches tofromdto 16 channel s and provi des f our
i ndependent pat hs t o DASXs. Extra channel connection capabi ity neans
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Figure 4.16. D agramof 3990 Mbdel 2 attached t o 3390s.

noreflexibility and nore efficient i nfornationfl owbetween the 3990 and
the § 390 processor unit. Four paths to DASX neans that four i ndependent
infornationtransfers can occur sinul taneousl ytofour different DASsina
singl e DASDstring—rore efficient i nfornati ontransfer between DAs
and the 3990. The 3990 Mvdel 2is used nost oftenwthinternediate to
l'arger S 390 conput ers and supports ei ther paral l el or ESCONchannel s.

ESONchannel s use fiber-optic cablestoattachthe processor tothe
3990 Sorage ntrol . These cabl es can be up to 3 kmi n | engt h when t he
390isdrectlyattachedtoachannel . Wen two swtchi ng devi ces (ESCN
Drectors) are used, the 3990 can be upto 15 km(9. 3 m) cabl e di stance
fromahost praocessor. Fber-gticcad esareessier toinstdl, aeligter, ad
requi rel ess space t han copper cabl es.

Sructurally, the Mdel 2 can be thought of as two 3990 Mvdel 1s
packaged i n a si ngl e nechani cal frane and abl e to cooperate w th one
another. Unlike the 3990 Mvdel 1, however, both the Mdel 2 and Mbdel 3
support 3390 DA as wel | as the 3380 DASDs. Bot h nodel s al so support
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Figure 4.17. D agramof 3990 Mbxdel 3 attached t o 3390s.

the ESCNadapt er feature. The Mdel 2 does not support either cache or
nonvol atil e storage (see Hgure 4. 19, below. The Mdel 2 canbefield
upgraded to a Mdel 3.

The 3990 Mbdel 3 (Fgure 4.17) is a 3990 Mdel 2w th bot h cache
and nonval ati | e storage. The cache i n a 3990 Mdel 3 can be 32 MB ( Mbdel
@3), 64 MB (Mbdel JO3), 128 MB (Mbdel LO3), or 256 MB (Mdel Q@3)
insize. Inal nodel s, the cache enpl oys | BVIs 1- MBchi p t echnol ogy. Non+
vol atil e storageinthe 3990 Mdel 3 canbeeither 4 MBor 16 MB. Non-
vo ailestorage al |l ons safei npl enent ati on of the DADFast Wite function
of the 3990 Mdel 3.

Addi ti onal enhancenent s provi dedinthe Mdel 3incl ude sequenti a
stagingand parallel rotational position sensing (RPerfornance i nprove-
nents. The sequential stagi ngenhancenent reads uptoafull cylinder (15
tracks) of dataintothe cache (prestages) beforeit isactud lyrequiredbythe
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host application. Rrestagingnoretracksinthi s nanner i nproves the appli -
cation'scacheread hit ratio, whi ch enhances perf or nance.

RPS al | ows t he DASDt o di sconnect fromt he channel duringthetine
it takesfor thedatarecordtorotate tothe desired positionunder the
read/ witehead. The storage control notifies the channel whenthe desired
record approaches the read/wite head, and t he channel reconnects. This
featureinproves channel utilization by freeingthe channel during the
period beforedatacan betransferred. This capabilityis nowextendedto
incl ude paral | el channel attachnent as wel | as ESCONchannel s.

The newest nenfer of the 3990 S orage Gntrol famlyisthe Model
6. Based on newQW5 | V't echnol ogy (di scussed in Ghapter 2), this nodel
uses 80 percent fever chipsthanthe Mdel 3, contributingtogreater reli-
abilityaswell astol oner pover consunpti on and cool i ng requi renent s.

TheMdd 6 (illustratedinF gure4.18) is characteri zed by one cache
and one nonvol ati | e storage (NVS. Gache si zes range from32 MBto 2 B
and NVSsi zes range from8 MBto 64 MB Upgrades arefieldinstal | abl e.

Eachof thetw storagedirectors (each contributingtw pathstothe
DASD), cache, and NWSi s packaged with its own power and servi ce
regons, provid ngfour regonsintata . This enad es servicetobe perforned
onone regi onwhi | e ot her regi ons conti nue to support operati ons.

Inthe Mdel 6, all paths serveal attached devices andal | caches ad
NVSare avai | abl e to each path. The Mbdel 6 operates in DLSE node. |t
provi des for as nany as 128 ESONI ogi cal paths. Wsing ESONDO rectors
or 9036 ESCON Renot e Channel Extenders and the XOF fi ber [inks, the
Mdel 6 canbeinstalledat distances upto 20 km(12.4 m) fromthe host
(a0ditiond distances arepossi bl ebut requiresubnittingaspecia request to
1BV).

The 3990-6 al so supports paral | el channel attachnents aswell asthe
syspl ex processor environment. It connects upto 32 CPs or LPARS in
an § 390 paral | el sysplex. Al nenbers of the 3390 and RAMAC Array
DADfamlies canattachtothe 3990-6. (See Fgure 4.19 for a summary of
cgdilities)

Functiondl |y, thisnodel isdistinguishedfromtheathersthroughits
use of advanced cache nanagenent techni ques that can be acti vat ed aut o-
natical ly or by ahost application. Adunpapplication, for exanpl e, coul d
noti fythe3990-6that it isperforningal arge-scal e sequentia operation.
The 3990-6 then act i vat es a speci fi ¢ cooperati ve a gori t hmbased on t hat
input. The 390-6itsel f canactivate adapti ve cache nanagenent techni ques,
depend ng on t he dat a access charact eri sti cs.

For di saster recovery protection scenarios, the 3990-6 i ncl udes a
Renot e Gpy feat ure that ensures conti nuous oper at i on when a subsyst em
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Figure 4.18. 3990 Mbdel 6 attached to 3390s.

a conput er room or even awhol e siteis|lost. Renote Gopy keeps an
wrtodaecopy o criticd detainarenatesiteincasesuchad saster strikes.
Ther e are two versi ons of Renot e Gopy: Peer -t 0- Peer Renot e Copy ( PPRO)
for applications that nust have an absol utel y current backup copy, and
Ext ended Renot e Copy ( XRG) where t he renot e dat a can be a f ew seconds
behindthet of theloca version

PPRC provi des cont i nuous dat a shadow ng (mirroring) across stor-
age subsyst ens by sendi ng updat es t o t he recovery 3990 Mdel 6in a syn-
chronous cache-t o- cache communi cation via ESCONIinks. Data at the
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Capabilities and Advantages 6 3990 QAOdeI 2 1
Storage Clusters 2 1
Storage Paths 4 4 4 2
Parallel Ports 16 16 16 0
ESCON Ports (Physical) 8 16 16 8
ESCON Paths (Logical) 128 16 16 0
DLSE Mode Yes Yes Yes No
DLS Mode No Yes Yes No
3390 DASD Yes Yes Yes No
RAMAC Array DASD Yes Yes No No
3380 DASD No Yes Yes Yes
Channel Data Rate. ESCON 17 MB 17 MB 4.2 MB N/A
Channel Data Rate, Parallel 4.5 MB 4.5 MB 4.2MB | 4.2 MB
Channel Distance, ESCON 20 km (*) 15 km 15 km N/A
9034 ESCON Converter Yes Yes Yes N/A
9035 ESCON Converter No Yes Yes N/A
Intermix Parallet and ESCON Yes Yes Yes N/A
Extended Platform Standard Feature Feature | N/A
Cache Storage, Maximum 2048 MB 256 MB N/A N/A
Nonvolatile Storage 8,16,32,0r64MB|40r16 MB N/A N/A
Enchaced Dynamic Cache Management Yes Yes N/A N/A
Concurrent Copy Yes Yes N/A N/A
Remote Copy (PPRC and XRC) Yes No N/A N/A
Enhanced Fast Dual Copy Yes Yes N/A N/A
Sequential Staging Performance Enhancement Yes Yes N/A N/A
Sequential Data Striping (ESCON) Yes Yes N/A N/A
Control Unit Initiated Reconfiguration Yes No No No
Record Caching Yes with RPQ N/A N/A
RPS Miss Avoidance (ESCON/Parallel) Yes Yes N/A N/A
DASD Fast Write Yes Yes N/A N/A
Concurrent Maintenance Yes Yes Yes No
Cache Fast Write Yes Yes N/A N/A

(*) If additional distance is required beyond 20 km, submit an RPQ to IBM.

F gure 4. 19.

Cypabi | i ti es and advant ages of different 3990 nodel s.
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secondary site, upto24niles (43km avnay, wll bekept fullyinstepwth
data at the prinary | ocati on. Synchronous wites ontwo 3990 Mdel 6
Sorage Gntrolswll create aperfornanceinpact whenthe functionisin
operati on.

XRCprovi des functionfor disaster recovery and workl oad migrati on
t hrough a conbi nati on of 3990 | i censed i nternal code (LICQ and
OFSWW MiS sof twar e (di scussed i n Chapter 7). Data specified at a vol une
I evel can be copi ed asynchronousl y froma 3990 Mdel 6at theprinary site
toa3%0 Mdel 2, 3, or 6at arecoverysite.

Dependi ng onthe overal | systemwvorkl cad, therenay belittleor no
per fornance i npact to the prinary site subsyst emwhen usi ng XRC The
prinary 3990 s DASDwrites take pl ace nornal |y, wth no del ay. Records
contai ni ng ti ne-sequenced updates are createdinthe prinary 3990 s cache,
the records are read peri odi cal | y by t he XRC DFSWE M/S dat a nover, and
the updat es are subsequent |y wittentotherecovery site s 3990 DAD k-
ing XRG you can | ocat e your secondary storagesiteat avirtual ly unlinted
d stance fromthe prinary sitethroughthe use of channel extensi ontechnd -
ay.

Sl f-di agnostic feat ures of the 3990-6 reduce the anount of tinethat
servi ce personnel spendfixingerrors. Reriod ¢ resident testing (FRT) con
ti nuousl y perforns di agnosti c checks agai nst DASD conponent s of t he sub-
systemt o confi rmproper operation. FHrst failuresupport techno ogy (FFST)
perforns nost of the diagnosticwork onall errors, so servicetechni ci ans
can fix probl ens qui ckly. The 3990-6 can i ssue servi ce i nf ornati on nes-
sages (S M) toa ert operations personnel toanerrar, its cause, theinpact
on subsyst emaoper ati on, and t he necessary repai r acti on.

3390 DASDs

The IBM3390 fam | y of direct access storage products (see H gure 4. 20)
i ncl udes Mdel s 1, 2, 3, and 9. Mvdel s 1 to 3 provi de enhanced perfor-
nance and addi ti onal storage capaci ty over previ ous products. The Mdel 9
provi des very hi gh storage capacity (i ncl udingthreel ogical 3390 tracks on
each physical track) wthlower overal |l perfornance (the disksrotate
approxi nat el y one-thirdas fast i nthe 3390 Mdel 3) at a consi derabl e cost
savi ngs. These characteristics of the Mdd 9 (1 onger | atency and seek ti nes)
nake it unsuitabl e for datawth hi gh access requi renents. Each of these
four nodel groups supports either 4, 8 or 12 devi ces (actuators).
Aspicturedearlier, a3390stringconsists of anni numof one Aunit
(calledthe head of the string), whi ch cones wthfour control | ers (device

185
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Devi ce 3390 3390 3390 3390
Characteristic Model 1 Model 2 Model 3 Model 9
M ni numseek time (ns) 1.5 1.5 1.5 2.5
Aver age seek ti ne (ns) 9.5 12.5 15.0 22.5
Maxi numseek ti me (ns) 18.0 23.0 33.0 38.0
Lat ency (ns) 18.0 23.0 33.0 38.0
Full track rotationtine (ns) 14.1 14.1 14.1 45.1
Datatransfer rate (MB sec) 4.2 4.2 4.2 3.9
Note: MB (negabyte) 10 © bytes ns (mlliseconds) 10 - 3 seconds

Figure 4.20. 3390/ 3990 st or age subsyst emw t h physi cal perfornance characteri s-
tis

adapters), providingfour pathstothe 3990 Sorage Gntrd . Thisa l ows up
tofour i ndependent i nffornati ontransfers (DASDreads or wites) tobein
process si mil t aneousl y, i nprovi ng DASD subsyst emper f or nance. A t hough
the four paths fromthe 3990 S orage Gntrol goonlytothe 3390 Aunit,
the four simul taneous i nformation transfers can be bet ween t he 3990 and
any DADinthestring.

Qnheither or bothsides of the Aunit, aBunit canbeattached. This
creates 4t0 32 uni quel y addr essabl e devi ces. Two 3390 strings, wth as nary
as 64 devices, canbeattachedtoasingl e 3990 Sorage Gntrad (illustrated
inAgred.2l). Qaracteristicsof thevarioss Aunit andBunit nodd swthin
thefour groups are showninFgure 4. 22,

Eachcontroler inastringhasaninternal pathtoeachdeviceinthe
string. Theinternal path capabilitiesall owany devicethat i s not al ready
busy to be sel ected by any avai | abl e contra ler. The 330 units are confi g
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Figure 4.21. DO agramof 3390 DA attached to 3990 Sorage Gontrol | er.

uedin4d-pathstringsandattachtoal | 3990 Mdel Sorage Gntrol st hat
areinDLEnode (di scussed earlier).

Al 3390 nodel s store data usi ng t he count - key-data (KD record
fornat. These records cancontai nthree areas. The record al vays i ncl udes a
count areaandadataarea, but the key areaisoptional. Aeaswthinthe
record are separ at ed by gaps, and two adj acent records are al so separat ed
by a gap.

The 3390 Mdel 1, 2, and 3unitscanbeintermxedwthinastring.
The 3390 Mbdel 9 B-uni ts cannot be intermxed wth other nodel s. How
ever, 3390 Mdel 9strings canattachtoacurrentlyinstall ed 3990 Mdel 2,
3, or 63 orage ntrol that has one 3390 Mdel 1, 2, or 3string attached.
Aso, 330 Aunitsattachonly to3990 Sorage Gontrol Mdel s 2, 3, or 6.

Wththe Mdd 3, IBVintroducedathin-filmtechno ogytoits|arge
systens DASs. Newnat eri al s and newnanuf act uri ng processes confi ne
t o produce an honogeneous netal |ayer wth very high aerial density, a
w der range of nagnetic characteristics, and an extrengl y snoot h and du-
rab e, corrosionresistat protectiveovercoat. Theresut isgester reidal-
ity (byafactor of 10) andfar grester densitythanearlier node s. Sncefirst
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Data Capacity Devices Data Capacity
Model per Device (GB) per Unit per Unit (GB)
3390 A-Units Al4 0.946 4 3.784
Al8 0.946 8 7.568
A24 1.892 4 7.568
A28 1.892 8 15.136
A34 2.838 4 11.352
A38 2.838 8 22.704
A98 8.514 8 68.112
3390 B-Units B14 0.946 4 3.784
B18 0.946 8 7.568
B1C 0.946 12 11.352
B24 1.892 4 7.568
B28 1.892 8 15.136
B2C 1.892 12 22.704
B34 2.838 4 11.352
B38 2.838 8 22.704
B3C 2.838 12 34.056
B94 8.514 4 34.056
B98 8.514 8 68.112
B9C 8.514 12 102.168

Figure 4.22. 3390 nodel s and dat a capacity per unit.

cust oner shi pnent of the 3990-3 i n Septenber 1991, for exanpl e, 86 per-
cent of al unitsshippedwthinthe Lhited Sates have never requiredare-
pair. BExrlyindicaionsarethat the 3390 Mdel 9, introduced after the 3390

Mdd 3 providessevengeater levesof rdiaaility.

Optical Storage

Inffornationthat isinfrequentlyusedor that traditiona |y has beenstored
on paper or nicrofi che can be st ored cost-effectivel y usi ng opti cal storage.
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Lhl i ke DA and t ape, whi ch use nagneti ¢ recordi ng t echnol ogy t o save
infornation, optica storageuses|ight fromalaser towiteandreadinfor-

nationond sksthat arekept inarobaticlibrary. The prinary optica stor-

age sol utionusedwth S 390 conputersisthe 3995 (ptical Library, which
supportstwo different optica record ngtechnd ogi es—wit e-once-read- nany
(VIRV) andrewitabl e. The sel ection of an appropriatetype of optical
st orage de pends on appl i cati on requi renent s.

V@RVist or age provi des a per nanent, unal terabl e copy of theinfor-
nationbeingstored. Thisinfornationisstoredonanoptica cartridgethat
iseasilyinsertedintoandrenoved froman optical drive. The optical car-
tridgecomsistsof aplasticd skcoatedwthathinlayer of reflectivea loy
naterial and nount ed i nsi de a pl asti ¢ case.

Infornationiswittenonthed sk by focusingalaser beamintoatiny
spat onthedisk. Thelaser heats upthedisk surfaceat that particul ar spot
adactud lymeltsahdeintherefl ectivecoating. Thebinary representation’ s
of IsandOsareforned by turningthelaser onand of f asthediskratates. To
read infornati on back fromthe di sk, thelaser isset at al oner povner set-
ting, not sufficient tonelt therecordinglayer. Thelight fromthe | aser
refl ects back fromt he di sk, except where the hol es are burned t hrough t he
layer. Thereflectedligt, or theabsenced it, cariesthedatastoredonthe
di sk back tothe system Thi s type of storage provi des extrengl y hi gh dat a
record ng densi ti es, wi chnakes for rel ativel y i nexpensi ve storage.

Akey advant age of VRMstorage i s that the recordi ng process is
pernanent. Qncetherecording surface of aparticul ar portionof thediskis
wittento, it cannot be changedbacktoitsorig nal state. Thi s nakes VIRV
storage a good choi ce for applications that denand hi ghl'y rel i abl e audi t
trail s and that have busi ness or | egal needs t o keep per nanent copi es of
| arge anount s of infornation. Banks, i nsurance conpani es, hospital s, and
governnent s benefit fromusi ng optical storageto keepinages of docunents
andto save other infornati onthat has previ ousl y been kept on microfil m
mcrofiche, or inroons ful of filingcabinets.

Rewitabl e optical storage uses a conbi nation of nagnetic and opti -
cal (nagneto-optic) technol ogiestoread, wite, and erase data on opti cal
cartridges, sinmlar totheway i nwhich DAY> or tapework. The highstor-
age densities of optical storagenakeit possibletoplaceupto 1. 3 @of
dataonasing e5 25inchoptica cartridge. Because di sk technd ogy i s used,
your applications accesstheinfornati ondrectly.

Theoptica cartridgeusedfor rewitabl e optical storage has the sane
physi cal characteristics as those for VIRM Magnet o-opt i ¢ t echnol ogy
enpl oys a conbi nati on of heat and a nagnetic fieldtorecord data, how
ever. Thelaser isfocusedtoaspot onthe di sk and heats up the recordi ng

189
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surface. Vlenanagneticfieldisappiedtothisheated area, therecordi ng
layer isset inthedrectiond thenagneticfid d Thedataiserasedsinply by
reappl ying heat and anagneticfie dset inthe opposited rection.

Again, infornationis read by bouncingthe | aser off thedisk at a
| over pover setting Thepd arity of thereflectedligt shiftsinoned rection
or another dependingonthed rectionof the nagneticfieldat that spot on
thed sk Thisreflectedlignt beamcarriesthedigita infornati onstored on
thed sk

The 3995 (ptical Libraryis an autonat ed st orage product that con-
sistsd staragesiasfor optica cartridges, ardoat for novi ngthecartri dges,
and mll tifunctionoptica drives. Thenul tifunctionoptica drives support
bot h V@RVland rewri tabl e optical storage. Bothtypes of cartri dges can be
storedina 399 at the sane tine, depend ng onyour applicationrequire
nents. The 3995 (ptical Libraryis supportedbytheDataSorage Facility
Managenent Subsyst em(DFSVB) and t he (hj ect Access Met hod (QAV) .

The 3995 pti cal Library Dataserver Mdel 188taches viaparall el
or ESCNchannel s to § 390 conput ers runni ng t he M/Y ESA operati ng
system This nodel hol ds up to 144 optical cartridges, both 1. 3-B
(unfornatted) and previ ous generation 652- MB (unfornatted) cartridges,
for atotal of 183 @af on+line storage.

The Mbdel 133 contai ns four mul tifunctionoptical drivesthat are
| oaded and unl caded by t he robot w t hout operator intervention. Afifth
driveis nounted onthe out si de of the box, enabling operatorstoeasily
nount cartridges that nay be stored outsidethelibrary. Aninput/out put
stati onprovi des the neans of gettingcartridgesintoandout of thelibrary.

The Mbdel 113 Expansi on Lhit attaches to the Mdel 133 and hol ds
another 144 cartridges wth additional capacity of 376 QB It al so uses an
addi tional four nul tifunctionoptica drives. Asing e S 390 processor sup-
ports nany 3995 Mdel 133/ 113 |ibraries provi di ng nul ti t erabyt e confi gu-
rations. Theprinary limtation onthese configurationsis the nunber of
channel s avai | abl e on the system Earlier nodel s of the 3995 (ptical Li-
braryincludethe Mdel 132(H gure 4.23), whi ch provides opti cal WIRV
storage for §390 conput ers runni ng under t he M/S ESA oper at i ng syst em
reading andwitingonrenovabl e optical cartridgesthat hol dupto 652 MB
each (unformatted). The 3995 Mbdel 112Expansi on Lhit attaches t o Mbdel
1Rtoprovideatota of 188 @of optica storage (unfornatted).

The 3995 (ptical Library Mdel 131s arewitabl e nodel that hol ds
upto 144 optica cartridges and | oads and unl cads the cartri dges i nto any of
four optical diskdriveswthout operator i ntervention. This neans that up
toH @Baf onrline rewitabl e, unfornattedstorageisprovidedby asingle
3995 Mbdel 131. The 3995 Model 1llexpansi onunit attaches tothe Mbdel
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Figure 4.23. 3995 (ptical Library Dataserver Mbdel 133.

Bltoprovideatota of 188 @aof rewitabl eoptica storage (unfornatted).
The Mbdel 131/111 |i brary provi des t he sane st orage capabi lities as the
Mbdel 132/ 112, described earlier.

The 3995 Model s 153 and 153/ 118see H gure 4. 24) al so enpl oy the
rewitabl e optical technol ogy. These nodel s are supported by t he
DFSMS/ WS and DFSME VM DASD access et hods usi ng t he ext ended
count key data (EXD fornat to provi de hi gh-capacity, | owcost, on-line
storage for nmany exi sting appli cati ons. The 3995 Dat aserver Mxdel 153
cotansld4storagecelsand4internal drives. Thecartridges nust befor-
natted t o nat ch the geonet ry of the 3390 Mdel 2 DAD It contains upto
90.8 Bof datafornatted tol ook |ike as nany as 48 vol unes of 3390
Mdel 2. Gartridges are not renovabl e fromt he Mdel 153. | n conj unction
wthaproperlyfornatted Mdel 113 attachedto a Mdel 153, thetotal
subsyst emcapeci ty doud es, provid ngstorage equiva ert tothreeful | strings
of 3390 Mbdel 2 DASD. Bot h Mbdel s 153 and 153/ 113 ar e support ed by
M/ ESA They are supported by VM ESAwhen t hey are dedi cated to an
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Figure 4.24. 3995 utical Library Dataserver Mdel 153/113.

M/S ESA- support ed guest. W ESAr el eases wi t h DFSVE WIf ul |y sup-
port bot h nodel s.

Tape Storage

Qonput er syst ens are woven deepl y i nt o today’ s busi ness processes and
usual | y becone the core of day-to-day operations. Theinfornation stored
onthe conputer i s aval uabl e corporate asset that nust be protected. Mg
neti c tape storage provi des a cost-effective and ef fi ci ent neans of backi ng
uptheinfornationinthe disk storage of conputer systens. The fol | ow ng
sections d scuss the nest current tapestorage periphera susedwth IBVIs S
390 conput ers.

3590 High Performance Tape Subsystem

The 3590 H gh Perf or nance Tape Subsyst em(see F gure 4.25), featuring
the Mgstar tape drive, i s anewtape processi ng systemt hat repl aces the
| BM3480, 3490, and 3490Et ape subsystens. The | BMMagst ar drives can
be configuredinracks or franes, inside or outside an | BVIAUt onat ed Tape
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F%rhapsthenmst significat eva utioninthelast tenyearsinthefie dof
conputingisthat of application prograns and operati ng syst emprogr ans.
As syst emhar dwar e conponent s shifted fromeritica “conputer” assetsto
“conput i ng” conmodi ti es, software prograns—dsed as a general termfor
the nany prograns that execut e i n conput er s—gai ned val ue as asset s for
reduci ng busi ness cost's and del i veri ng conpetitive advantage. Initidly seen
as over head requi red t o nake conput er s work, operating systemand appl i -
cationsoftware, wththeir devel opnent and support envi ronnents, began
ther omeva ution. Qlyadecadelater, radica changesared readyvisible
throughout the softvareindustry. Vi canonly guess at theultinate durati on
and scope of change, but it isclear that softvareistransforning businessin
thi s newworld of conputing.

Anaj or phenonenon of the conputingworldinthe past tenyearsis
the rapi d ener gence of nonpropri etary, open systens sof t ware-bot h appl i -
cationand operating system Inthis chapter, weintroduce youto | BVIs
efotstocrestebahabroadarchitecture (caledthe @enBugxint) for dl
of its opensoftware and specific devel opnent itens tonakeits nest pow
ful operating systens open. Denand for open systens al sohas ledto
focus on newdevel opnent tool s. Inthis chapter, weintroduce youto prod
ucts that nake S 390 a premer devel opnent envi ronnent for today’ s busi -
ness g i cati as.
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Qur focus i n previous chapt ers was on t he har dware; a conput er
systems foundationor skeleta structure, if youwl!. V& cl osel y exanined
the eval ution of processor units and peripheral s used to configure §390
conput ers. Nowour focus shifts tothe shapes and subst ance ontop of the
foundation, theel enents that put the hardwaretowork. Aso, inthefirst
part of thischapter, weintroduceyoutotherad eof application prograns,
bot h prewitten and cust omdevel oped, i na Systeni390 envi ronnent. Inthe
latter part, weprovide specificinfornationonthethree naj or Systemi390
operating systens andtheir ro esinprovid ngsupport for various appl i ca
tions to neet your conputing needs. Hrst, however, welook at | BMs
ef forts toensure continui ngval ueinsoftwareinvest nents by nai ntai ni ng
softvere conpetibility.

Software Conpatibility

Appl

Conput ers i npl enent i ng t he popul ar Systenmi 390 (and the earlier
Systent370) conput er architecture (for exanpl e, 1 BVIES 9000, 3090, 4381,
and 9370 conput er s) have beenin use for nany years, especi a |y i n nedi um
tolargebusinesses. Asaresu t, busi nesses have i nvest ed t renendous anount s
of tine, noney, and passi onin devel opi ng and i npl enent i ng cust omappl i -
cationprograns toneet their specific needs. Inaddition, nany i ndependent
sof tware vendors (| Svshave witten Syst et 390 appl i cati on prograns, pro-
vidngalibrary of soutionstofill business needs. To preservet he enornaus

i nvestnents i nthese appl i cati on prograns, the evol vi ng Syst ent390 ar chi -
tectureretains conpetibilitywththe System3/0architectureandits appli -
cation prograns, ensuringthat nost applicati onprograns wittenfor
Syst emd 370 conputers wi I | run w t hout nodificati on on an ESA 390
architected system

ication Program Conpatibility

Qnpetibilityreferstotheability of applicati onprograns to conmuni cat e,
o interact, wththerest of the conputer system Appicationprograns typi-
cal lyrepresent the prinary share of abusi ness’ s sof t var e devel opnent, pur -
chase, data col | ecti on, and user trai ni nginvest nent. Abandoni ng an
applicationprogambecause o inconpetibilities(thet is, thegpicaionpro
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grami s unabl e to conmuni cat e wth t he operati ng system nay nean t hr ow
i ng anay substanti al anounts of data and trai ni ng/ experi ence accunul at ed
wththat applicationprogram Applicationconpetibilityisalsoinportant
becauseit all ovs S 390 users the opti on of neeting busi ness needs by choos-
i ng fromt he nany appl i cat i on prograns devel oped for Systent370. | ncom
patibility at the application programl evel woul d render t hese prograns
virtud lyusd ess. Twoattribuesthat ensd egppicationconpetibilityarethe
software architectur@nd the application progranmng interface (ARI)

In S 390 conputers, the software architectureisthe ESA/ 390 ar chi -
tecture Thisarchitectwredefinesthe set of progranmngi nstructi ons (cal | ed
the instruction se), the basic buil d ng bl ocks provi ded by t he conput er sys-
temarchitecture, usedtobuil dapplicationprograns.

The AR istheset of services provi ded by ot her softvarel ayers through
whi ch an appl i cat i on programconmuni cat es wththe ot her software | ayers
toget vorkdone. Fgure5. 1illustratesthat the application programinter-
actsdrectlywththe operati ng systeml ayer; thus, the operating systempro-
videsthe AR for applicationprograns i n S 390 conput er s.

Tonaintainconpetibilityat theapplicati onprogram evel, preserving
bat ht he sof tware architecture and the AR presented by t he conput er sys-

sbplication progmmn #

applicationpragrm #2 /
application progrn #1 -~
i

Application Program
Layer

Cpering Svsem
Lawer
LK Lawer
Swztem
Hardvmre
Hardware

Figure5.1. Theapplicationprogranminginterface (AR) is presented by the operat-
ing systemand i s used by appl i cati on prograns to performvari ous tasks nore easil y.
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temis crucia . Because S 390 conput ers i npl enent t he ESA 390 sof tware
architecture, theyretainconpetibilitywththeearlier Systemi370 architec-
tue(whichintunisconpatiblewththeearlier Systemi30architecture).
Thus, thefirst regui renent for application programconpeti bility—preserved
sof t var e archi t ect ure-s net.

Wiat about preservingthe ARl presented by t he operating syst en?
Mii ntai ni ng conpati bility at the operating systens software | evel is as
important asapdicationprogramconpetibility, but it isusud ly hand edtrans-
perertly (wthout i npect) totheappication That is, newlevel s of the oper-
ating systemconti nueto support thefunctionsprovidedintheearlier | evel
whi | e del i vering newfunctions enabl ed by t he newarchitecture. The
Syst eni390 oper at i ng syst emdel i vers functi ons that coul d not be consi dered
by programmer s usi ng t he Syst ent 370 operati ng system Al S 390 conpuit -
ers, hovever, havethedd litytooperateina Systemi370 conpetibility node
(discussedinGupter 2); that is, theyretaintheir abilitytooperateasa
Systemi 370 system Anewlicensedinternal code (LIQ |ayer shipswth
every §390 conputer, enabling conpatibilitywth Systemi370 LI C

Wien the §390 famly of processors was i ntroduced, newversi ons of
t he sane operating systens (MS ESA W ESA and VSH ESA) used wth
Syst ent 370 conput er syst ens were al so i ntroduced. These newver si ons of
the operating systens used wth S 390 conput ers present the sane AP as
those used w t h Syst ent 370 conput er s. Thus, the second requi renent for
appl i cati on programconpati bi | i t y—preserved APl —+s net, enabling
Systenmt 370 appl i cation prograns to be mgratedto S 390 conputers wt h-
out nodi fication.

ware Blueprints

Intoday s business worl d, conputers are usedin nany types of environ-
nents for avariety of tasks. Toneet thesedfferent needs, severa |Bvicom
puter systemfam!ies and nul tipl e operati ng syst ens have evol ved. For
exanpl e, the &390 fam |y can use the WS ESA/ W ESA or VSH ESA
operating system the | BMAS 400 conput er famly uses t he C5' 400 oper at -
ingsystem andthe PS 2 famly uses (5 2. Aslongas auser stays wthinone
conputer fam |y and operating system it isrelatively easy t o change or
m grate fromone nodel to anore powerful or newer nodel andto bring
aong (tonmgrate) any appl i cation prograns purchased or devel opedfor the
initia system Vienmgrating fromone conput er famly (or operating sys-
ten) toanot her, however, theuser is oftenforcedto nodify, or perhaps
copleteyrewite existingapdicationprograns. Thissituationisthecotr
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sequence of each conputer famly and operati ng syst emadhering to a uni que
sof tvare architecture, whi chprovides adifferent application progranming
ineafae

To provi de programconpat i bi | ity and consi stency across three | BV
famlies of conputers, | BMdevel oped and publ i shed a set of progr anmi ng
ruescalledthe Systens Application Architecture (SAAThese rul es provi de
abase for the devel opnent of applicationprograns that runonthreediffer-
ent | BMconputer famlies: Systemi390, AS 400, and P 2. SAAvas intro-
duced as a | ong-termappl i cati on programstrategy nuch as the Syst ens
Net wor k Architecture (SNYs along-termconmuni cations strategy. Aswth
I the SAAhas been and w | | conti nue t o be expanded over tineto neet
the needs of usersandtoachievethe overa | god —eonpatibility acrossthree
naj or | BMiconputer famlies. Afourth | BVproduct famly, the popul ar
| BMR SC Syst ent 6000 fam | y of nid-range conput er s/ wor kst ati ons r un-
ningthe A Xoperati ngsystem provi des conpetibilitywththeindustry stan
dardsinthe open systensenvi ronnent, wiichisnot directlycontrolled by
| BM

Theindustry s and busi nessvorl d srapidevo utiontoclient/server
and di stributed conputinginanultivendor, heterogeneous envi ronnent | ed
IBVitoreeval uate the architecture work it began wth SAA As cust oner s
requirenents grew it was apparent that | BVIs A Xproducts needed t o vork
together wthits SAproducts and wth ot her vendors product s.

Systens Application Architecture

S/390 operating systens and progranming tool s parti ci pate i nthe Syst ens
Application Achitecture. Doing so provi des abase for the devel opnent of
applicationprograns that conformtothe Systens Application Achitecture,
providngthefdlowngattributes that offer benefitstousersind fferent
Stuias
Programport abilityal | ows the programmer to mgrate nore easily

any applicationprogramtolarger (or snall er) conputers as busi ness needs
change. Further, the sane appl i cati on programcan be used on nul ti pl e types
of conputers that nay be foundin a singl e busi ness, whi ch bri ngs conmon
functionstoal | users. Ather advartage of programportabilityisthat pro-
grammer s who f ol | owt he conventi ons of the Systens Appl i cati on Architec-
twecandfer their proganstousers of coqutersinal threefamlies. This
utinately gives users of SPASystens aw der variety of prograns fromvhi ch
to choose.
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Programi nt er act i orenabl es one programt o conmuni cat e directly,

usi ng t he SAA conmuni cati ons conventi ons, w th anot her Systens Appl i ca-
tion Architecture programrunningonadifferent conputer system This
relievesthe user of havingtocontro theinteraction between vari ous com
put er systens and provi des for a sophi sti cat ed conput er envi ronnent .

Astandard user interfacd |l ows for transfer of learning, ease of | earn
ing, andease of useacross prograns for a | threenaj or conputer fannlies
takestinefor auser tolearnagivenapplicationprogram The user nust
naster not only t he basi ¢ functi on provi ded (for exanpl e, spreadsheet or
dat abase functions) but al sothedetails of interfacingwthaspecific pro
gram This | earni ngincl udes such things as functi on key defini ti ons, howto
sel ect anenuitemor call up hel pinfornation, were conmands appear on
the screen, and so on. The Systens Appl i cation A chitecture defines stan
dards for theseitens and nany other user interface detail s.

Open Bl uepri nt

Begi nning i nthe 1980s, aseries of technical and socia devel opnents | ed
busi nesses t o redefi ne corporat e and or gani zati onal processes. The technd -
ogy of infornation devel opnent enabl ed a gradual novenent of sel ected
vor Kkl cads froml arge centra i zed conputi nginstal | ati ons operated by highl'y
skilledand speci dizedstaffstoanopen, flexid e, nol tivendor, heterogeneous
vrldthat isincressingydstributedandintercomnected Alist of energng
rel evant technd og esincludesthefad | owng:

« dient/serverbecane a nodel for distributed conputing.

« WNX developedintheearly 1970s at Bel | Labs, coupledwth R SG
based wor kst at i ons produced a power ful envi ronnent for nonsci -

entificconputingaswel | asfor scientificconputing.
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» Personal conputers (PCs), |local area networks (LANsSNd oper -

atingsystens | edtothe di sappearance of “si ngl e vendor” envi ron
nent s wt hi n busi nesses and to ani ncreasi ng need for conmuni cat i on
acrossawdevari ey o systens. “Qpean’ systens energed as auser need

« (oject-oriented programm ngl | oned programmers to deal with

conpl ex busi ness functionsinanore efficient and user-friendy
nanner .



216 EXPLORING IBM S NEW AGE MAI NFRAMES

In 1994 | BVii ntroduced the Qren B ueprint asits viewof adynamc,
flexi bl e conputi ng envi ronnent. The goal of the Qren B ueprint istoenadl e
integrationandinteroperability anong products fromal | sof tvare provi ¢
ers. Qustoners canusethe renHueprint asaguideincreatingtheir omn
internd godicationarchitecturesintheopen, dstribueddiet/server envi-
ronnent. Qrer tine, | BMexpects that the broader Goen B ueprint goal swi |
replacethelinted SAproduct set and oy ecti ves of provi di ng consi stency
adineroperability acrossits systens.

The B ueprint addresses t he chal | enges of t he open envi ronnent by
view ng asystemas part of adistributednetwork and vi ewngthe netvork as
ifitvereasingesystem(Fgre5 2. Ths, it isthestructurethet dl o the
networ k of operating systens to functionas aunit (a singl e system
i mege), as anetwork operating systemnade up of multiplesystens that are
separ at ed fromeach ot her and connect ed by a communi cat i ons net wor k.
Wil e enablingthe user toviewanetwork as asingl e systemwthall func-
tionsintegratedand accessi bl e, it provides abase uponwhichtobuild, run,
and nanage di stributed appl i cations. InH gure 5.3 eachindi vidual system
can be thought of as structured accordingtothe Qoen B ueprint.

Figure 5.2. Network operating system
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Inthisewiroment, eachind vidud system ogicalycota nsaset of
services (describedlater), but it isnat necessary far eechindvidd systeto
physical ly containal | services. Thetarget for these servicesisthe set of
resour ces avai | abl e across the netvork, includi ngfil es, databeses, printers,
transacti ons, softwvare packages, docunents, jobs, and soon. The equi val ent
facilities or servicesineachind vidua systemwork together wththese
resources toprovide support for distributedandclient/server applicati ons.
Buil ding appl i cati ons wth devel opnent toodl s that use these services al | ons
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Figure 5.3. The Qpen B ueprint structure.
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theclient and server portions of theapplicationstorunonany platformin
the network. Fgure 5.3 graphi cally represents one i nstance of a systemin
the netvork operatingsystem Init aresix distinct sets of resour ce nanage-
nent servi ces, each based onindustry standardi nterfaces and t echnal ogi es
that enableinteroperabilitywthnultipl e vendors’ hardware and sof tware

Net wor k ser vi cegorovi de t hese nechani sns for the transport of data
fromone syst emt o anot her :

Common t ransport senanti cswhi ch provi de a conmon vi ew of
network protocol sinorder tosupport protocol -i ndependent com
nuni cationindistributed netwvorks.

Transport servi ceswhi ch provi de the protocol s (such as S\W APPN
TRIP, A3, NElB 5 and IPY for transportinginfornationfrom
one systemt o anct her .

Subnet wor ki ng,whi ch provi des functi ons deal i ngw th speci fic trans-
missionfacilities, suchasvarious kinds of LA, paint-to-pant |ires,
X25, Integrated Services Dgital Network (1SN, franere ay, and
asynchronous transfer node (ATN .

The Signal ling and Control Pl anephich provides theabilityto
establ i sh subnet wor k- speci fi ¢ connecti ons.

Di stri but ed syst ens servi ceprovi de t hese nechani sng that enabl e a
si ngl e syst emvi ewof the net work:

« Conmuni cat i on servi cesupport three nodel s (Gonversational Gom

nuni cati on, Renote Procedure Gal |, and Messagi ng and Queui ng) ,
describi ng howparts of adistributedapplicationor resource nan
ager cantal ktoeachother.

(bj ect nanagenent servi ceprovi de conmon obj ect servi ces (such
as (pj ect Request Broker, whi ch provi des conmuni cat i on bet ween
o ects, andLife Gicleand External i zati on), i ncl udi ng transpar ent
access toloca and renote obj ects.

D stribution servi cesssi st the conmuni cati on between parts of dis-
tributed applicati ons and resour ce nanager s by provi di ng conmon
functionsfor directory, security, tineand transacti on nanagenert .
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Appl i cation enabl i ng servi cgarovi de t hese cormon hi gher -1 evel func-
tions used by appl i cati ons:

» Presentation serviceguser interface, nultinedia printing, andvi ew
ing), wiichdefinetheinteracti onbetweenappl i cations andthe user.

» Application/workgroup servi ceswhi ch are conmon hi gh-1evel and
vor kgroup-oriented functions avai lablefor useby all applicati ons.
Appl i cati on servi ces i ncl ude transacti on noni tor functions, event
servi ces, and conpound docunent support; wor kgroup servi ces
i ncl ude vor kf | ownanagenent, nai |, col | aborati onfor conferenci ng
and distancelearning, tel ephonecall contrd and voi ce processi ng,
addgtd library support.

- Data access servi ceswhi ch al | owappl i cati ons and resour ce nanag-
erstointeract wthvarioustypes of datathat naybeinfilesorin
heachcd, rdaiod, o dject-oientedda aoeses (persi stence ser-
vices a | owoly ect-ori ented appl i cati ons to access bat h o ect-ori -
entedandtraditional datastores; storage nanagenent provi des
back-up, archiving, and cost-optinhzed storing of data).

» Systens nanagenent servi ceswi ch provide facilities for asystem
and network admini strator or for aut onat ed procedur es t 0 nanage
a het er ogeneous, di stributed conputing envi ronnent .

» Local operating systens servi cesthi ch operate wthinthe confines
of asinglesysteminanetwork. Exanpl es of | ocal servicesincl ude
nanagi ng nenory and di spat chi ng wor k.

» Devel oprent t ool s,whi ch hel p the appl i cati on devel oper i npl enent
dstributedappicati onsthet use standardinterfaces.

The (pen B ueprint pronotes theintegrati on of mul ti vendor systens
and si npl i fi es t he nore cuntoer sone aspect s of di stributed conputing, such
asmiltiplelogons, nultiplepasswords, and unique applicationdirectories
for locating resources. Because of theinclusion of standards, conponents
fromdifferent provi ders can be mxed and nat ched i nthe di stri buted net -
wor k. Many product s today i npl enent t he st andar ds defi ned by t he Qoen
Bl ueprint, ensuring product and functi onal i ntegrationand sean ess
interoperabilityInteroperability neans that products canwork toget her,
usual |y because t hey have i npl enent ed t he sane set of standards; seanhess
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interoperability neans that the end user does not have to do anyt hi ng
unusual toget the products towveork toget her and has a si ngl e- syst emvi ewof
t he net vor k.

Because the pen B ueprint isinpl enented by different products on
dfferent platforns, the boxesinthediagram(H gure5.3) donot correspond
tospecific products. A so, the pen B ueprint does not descri be howt he
i npl enenti ng software i s packagedinto offerings. Rather, it describesthe
technical attributes and characteristics of supporti ngsoftware, reflects
desirad efuncti ond nodu arity, provi des softvare princi pl es and gu ddl i nes,
and speci fies i nportant boundari es and i nt erf aces.

Insunmary, therenB ueprint isastructurefor distributed conput -
ingthat enabl es vendors to deliver and users to benefit fromintegrated,
i nteroperabl e product s and sol uti ons. For end users, it hides the conpl exi -
ties of the network and nakes it appear as asingl e system For application
devel opers, it defines standardinterfaces that enabl e asi ngl e syst emvi ewdf
the network and al | owfor the devel opnent of interoperabl e applications
that canrunonnany pl atforns. For systemadmni strators, it defines acon
si stent way to nanage the network t o hi de t he conpl exi ti es fromappl i cati on
devel opers and end user s.

Application Progranms on the System 390

Ghapter 2introduced the three basi c software | ayers in S 390 conput er s and
theway i nwhi chthey cooperate to performuseful work for the user. This
section concentrates onthetop |l ayer of the nodel —appl i cati on prograns
(seeFHgure5.4). It istheapplicationprogramthat actual |y “applies” the
conput ati onal pover of an 390 conput er to aparti cul ar busi ness task.

The nany appr caches to conputi ng and t he vari ety of application
programtypes al | have t he sane obj ecti ve—get the naxi numanount of
work doneinthel east anount of tineat thelowest pricewth continuous
avalabilitytothebusiness. These og ectives | eadtod fferent conbi neti ons
of conputing el enents toso ved fferent types of applicati on needs.

Sone wor kl oads require  sequenti al processingThat is, each step of
vor k depends on t he successf ul conpl eti on of astepprecedingit. Batch
processi ng wor ki cads, such as t hase per f or ned by banks reconci | i ng account s
a theenddf abusinessday, typifythistypeaof apdication. Qher vorkl cads
canbe segnentedintoparts that canexecute sinul taneously (inparalle) on
dfferent processors. Queries wether sinpleor conplex, fall intothiscat-
egory. Because these typi cal |y access tabl es fromsevera dat abases or por-
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tions of asing e database, the query canbe segnentedinto pi eces that each
access adifferent database. Theresult isnuchfaster re sponsetine.  Trans-
actions ontheother hand, areindependent work units. Typically of short
duration, bothinterns of the enteredrequest for infornation (i nput) and
theresu ting response (output), transacti onsrequirea”“nanager” that feeds
the request s to processor resources as t hey becone avai | abl e. Transacti on
processi ng systens usual | y nust handl e | arge vol unes of si nul t aneous re-
quests generated fromnul tipl esourcesandrequi ringoutput sent tomil tiple
| ocations. For theseappl i cations, throughput (theabilitytoqui ckly process
reqests) isaiticd.

Sone busi nesses use appl i cati on prograns desi gned, witten, andso d
by other conpani es. Thesearecalled prewittenapplicationprograns. In

nany cases, conpani es chooseto designandwitetheir own cust omappl i -
cationprograns or to use a coni nati on of prewitten and cust omappl i ca-
tion prograns.

Thi s sectionlooks at both application programal ternatives. Sone
prewittenapplicati onprograns for S 390 conput ers are di scussed, but this

sz s vie
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Figure 5.4. Theapplication programl ayer of the S 390 sof t var e nodel .
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chapt er does not provideaconpl eteguidetoa | prewittenapplicationsoft-
war e. Gnpr ehensi ve cover age of t he nany product s avai | abl e t oday woul d
fill nany books, each of whi ch woul d be obsol ete by thetineit was pub-
l'ished. Rather, this chapter hel ps youto nake nore i nforned pur chasi ng
deci sions by g ving exanpl es of prewittenagpdicati onprograns and by bri efly
descri bi ng the customappl i cati onprograma ternati ve.

Prewritten Prograns

Today' s prewitten application prograns range fromsi npl e prograns t hat
concentrate onavery specific task to powerful and conpl ex groups of pro-
grans desi gned to work toget her. They performa nyriad of functions as
di verse as the envi ronnent s i n whi ch conput ers are found t oday. Miny
prewitten application prograns are usabl e innost busi ness envi ronnent s
(for exanpl e, word processing and el ectronic nail ). These are known as
cross-i ndust ryappl i cation prograns, because they are not specifictoany
particul ar i ndustry segnent. Qher prewittenapplicati ons address t he spe-
cidizedneeds of aparticuar industry (for exanpl e, nanufacturingor utili-
ties). Thesearecalled industry-specifi@pdicationprograns.

Cross-1ndustry Application Prograns
Fewittencross-industry gpplicati onprograns are designedtofill the needs
of nany d fferent types of businesses. Thi s sectionreviews brieflyfour such
appl i cation prograns for S 390 conput er s:

« OficeMsion

« Query Managenent Facility (QW)

« Application System(AS

« InageH us Fol der ApplicationFacility
GficeMsion. There are nany tine-consuning and | abor-i nt ensi ve acti vi -
tiesinvol vedin conducti ng businessinatypica office environnent—or

exanpl e, generating/distributing docunents, sendi ng/readi ng notes, and
schedu i ng/ atend ngneetings. Thedfficeisa sothefoca point for vorkgroup



Systenl 390 Sof tware—€harting Courses to a New Wrld 223

interaction, effectivelythe nerve center of conmuni cati on bet ween enpl oy-
ees, suppliers, andcustoners. The  CificeM sionfamly of applicationpro
gasinmovestheovera | efficiency of thesesandather officeactivities.
OficeMsionconforns tothe Systens Appli cati on Achitecture (SAY,
autonati ngtasks for users of the PS2, AS400, and S 390 conput er syst ens.
OficeVision/2 supports PS/2s on a local area network.
GficeMsion/400i s used on t he sane wor kst at i ons supporti ng any AS 400
applications. dficeM sion/MSand GficeM si on/ Mprovi de support
through t he sane workst ati ons used for any S 390 appl i cati on program The
only VH ESAoperati ng systemt hat has access to GficeMsionfunctionis
that runni ng as a guest under VWM The of fi ce product s that VE supports,
however, can exchange el ectronic mai | and ot her informati on wth
GficeM si on programproducts. | n busi ness envi ronnent s supporti ng a com
binati onof P92, AS400, and S 390 users, SAAconvertions enabl etheinter-
actionof theappropriate @fi ceM si onproducts for each user type.
aficeMision/ WS (O/MS) and Gficev sion/fV\M(OJ/ W offer
the sane basi ¢ functions, supporting an enterpri se-w de conmuni cat i ons
infrastructure. Vet her your busi ness operates wthloca area networks
(LANS) or w de area networks (WANS) or is host connected, GficeM sion
providesaflexib eproductivitytod . Sone of the business gperationsit sup
ports areword processing, €l ectronic nail, appoi ntnent cal endar nanage-
nent, facsi mletransnissi on, and personal and conpany-w de addr ess books.
OficeMsiona soextends the appli cati on progranming i nterface (AR)
of the operating systemsothat a progranmer canintegrate acustomappli-
cation programw ththe functions of GficeM sion. For exanpl e, a custom
appl i cati on programt hat presents an on-1inerequisitionformcan expl oi t
the OficeMsionAH anduseitseectronicnail facilitiestoautonaticaly
route a conpl et ed requi sitionformtothe proper approvers. (oti onal prod
ucts provi de addi ti onal functions under GficeM sion. For exanpl e, the | BV
Appl i cat i on Syst empr ogr ampr oduct provi des the GficeM sionuser wth
i nteractive deci si on support and proj ect nanagenent .
Addi tional features and products suchas thefd | ow ng are supported
by OV WS.

- O/ M/S s Docunent Witing feature with D splayWite/ 370
enabl es the creati on of structured correspondence that integrates
busi ness data i nt o your docunent s.

- IBMQurrent OJ M/S Wrkgroup Programof fers you a choi ce of
intuitive graphical user interfaces fromeither a\Wndows or
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WN G5 2 environnent. Thi s product al soincl udes a set of per-
sonal infornati on nanagenent (AN functions to hel p you orga-
ni ze and nange your dai |y activities.

e OVHost Qient/MSprovides action bars, pul | -down nenus, and
pop- up W ndows enabl i ng t he 3270 deskt op t o appear |i ke a per-
sonal conput er appl i cation whil e providing O/ MSfuncti on.

- MSGfice Rl ated Ext ensi ons enhances user producti vity through
feat ures such as spel | check, schedul ed and nanaged di stri buti on of
not es and docunents, and afacility to hand e nessages when you
aeou o theoifice

Key functi ons provi ded by O/ WIi ncl ude

 Anelectronicnail servicefor creating and exchangi ng not es and
docunent s t hroughout your enterpri se.

» Docunent nanagi ng capabi lities for storingandretrieving notes,
docurent s, and ot her busi ness i nf or nat i on.

H ectroni c cal endars, vhi chyou cansharewthothers. Thisfeature
providesinterfacesthat a |l owbothclients and servers t o conmuni -
caedrectlywththe ca endar server.

» Agraphical user interface and persona infornationnanager (AN
for Mcrosoft VWWndows workstati on users and G5 2 usersinthe
WN- G5 2 envi ronnent. (O Wiconbi nes w th the | BMQur rent
O/ WIVGr kgr oup Programt o del i ver this function.)

 FHleassociationand D/namic Dat a Exchange (CCB), which al | ow
access to and exchange of datawth other applicati ons.

The base O fi ceVi si on/ M/S (5685-106) and O fi ceVi si on/ WM
(5684-084) programproducts arethe resul ts of enhancingandintegrating
earlier officeproducts such as Rersonal Services/@CS(e ectronicnail) ad
Per sonal Minager (cal endar nanagenent ) .

Query Managenent Facility (QW).Inorder todeal wthlarge anounts
of infornati onefficiently, theinfornati onneedstobeorgani zedinauni-
formnanner. For exanpl e, theinfornationinatel ephone book i s organi zed
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intoanal phabetica list of nanes, addresses, andtel ephone nunters. 1 you
have ever |ifted a Manhattan t el ephone book, you knowt hat phone books
cancontainafair amount of infornation.

For efficient handing, theinfornationstoredwthinaconputer sys-
temal so needs t o be organi zed. (ne conmon way of organizingistoenter
theinffonationintoa databasewth files records and fiel dsas subsets. Thi s
isexactly howtheinfornationinaphone bookisstructured. Hgure5.5
shows an exanpl e of at el ephone book |1 sting and t he correspondi ng com
put er dat abase structure. The white pages and yel | owpages of t he phone
book areanal ogousto  filesor setsof infornation, asocalled  database files
Theinfornati on about one personi nthe phone book i s anal ogous to arecord.
Therecords containtheinfornationfor agivenentry, andeachrecord con
tansthesanetypedf infornati onabout itsrespectiveentry. Inthiscase a
record contai ns t he nane, address, and phone nuntoer of t he person. Each of
thesethreeitensisana ogoustoafieldwthinarecord For exanpl e, the
addr ess part of aphone book entry woul dbe cal ledthe “address fiel d.”

Dxt abases contai ninfornationabout inventory inastore, booksina
library, personnel records, nedical records, or virtua l'y any other type of
infornation. @gani zati ons such as banks, airlines, andinsurance conpani es
conmonl y use extrengl y | ar ge dat abases shar ed by nany users. Gfi ce work-
ers and execut i ves use dat abases t o nai ntai n personal t el ephone books,
appoi ntnent cal endars, and so on.

Manual |y | ooki ng up i nfornati on i n a phone book qui ckl y becones
fatiguing. Thesaneistruefor nanipul atingany | arge body of infornation.
Ocetheinfornationisenteredintoanel ectroni c dat abase, however, it can
beretrievedqui ckly and easi | y by a programdesi gned t 0 access t he dat abase.
The | BMQuery Managenent Facility (QW) is an application program
designedto gi ve § 390 users and programmer s access to the i nfornati on
storedinadatabase (Fgureb5.6) througha query.

Packar J.C. 1012 SE St --------reeomeemv 654-8499

Information  organized § packer O.R. 244 W 13th St. -----eeoer 878-2443

in a telephone book Pagano B.R. 667 NW 83rd St. -------- 655-0097
“Name” “Address” "Phone No.”

field field field

Information organized by Record 1 | Packar J.C. 1012 SE St 654-8499
a database applicationq Record 2 | Packer O.R. 244 W 13th St. 878-2443
program Record 3 | Pagano B.R. 667 NW 83rd St. 655-0097

Figure 5.5. Infornationinadatabaseis organizedmuchliketheinformaionina
t el ephone book.
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Aqueryisaset of rules agai nst wi cheveryrecordinadatabaseis
conpared. Infornationthat conplieswththeset of ruesis copiedfromthe
databasefileintoareport that i s organi zed accordingtothe user’ s gui de-
lines. Inother vords, aqueryisareguest tocreateareport containingthe
infornationfromadatabasethat neets certaincriteria For exanpl e, aper-
sonnel nanager perforns aquerytoget alist of nanes of al | enpl oyees who
have been wi t h t he conpany for 25 years or nore, or a banker perforns a
querytoget alist of al accounts wthabal ance of nore t han $100, 000.

QFFintegratesaquerytod, report witer, tableeditor, charts, and
appl i cati on support. Three query nodel s are provi ded: pronpt ed query in
whi ch t he user i s gui ded st ep-by-step t hrough t he query generati on; S ruc-
tured Query Language (SQ,)di scussed | ater i nthis chapter, which builds
queri es usi ng Bngli sh-1i ke sent ences; and Quer y- By- Exanpl e (QBE) Oce a
queryisgenerated, it canbesavedandrerunat any tineto get an updat ed
report intabular, natrix, free, andgraphica fornats. QWFisusedbyitse f
or inconjunctionwthother S 390 application prograns. For exanpl e, a

Cipcumes—t Foooipw [nst Teciy LTS --ofESFC ] han By Fhid La:

f S5i] Pobart 5. Eellar Fake

Bom L. Poren Forwyrd &

Figure 5.6. Screen presented by the Qiery Minagenent Faci | ity programproduct .
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QFFreport is passedtothe IBMInteractive hart Wility, wichcreates
graphs based onthe nunbers inthe QW report. A so, QMFreports can be
i ncluded inan @ficeM si on docunent and sent through el ectronic nail. QW
caneasilyaccessrelational datastoredinB for MS B for VSEand
W andin dcCSdata on M/S and VSE

Funct i ons support ed by QW i ncl ude

- application enablingthroughthe QW SAA Gormon Progr anm ng
Ineface

 witing procedures wthlogic, usingthe REXXprogrammng | an-
guage i n t he M/S and Wenvi r onnent s.

« provid ngagovernor for resource contrao capability.

« connecting toany of the DB2 for M/Sand DB2 for VSE and W
dat abases wthinadistri buted envi ronnent .

« dlowngusersineither the nai nfrane or workstation envi ronnent s
towork wth QW obj ects.

» integrating QU~acquired datawth several workstation data ac-
cess and present at i on product s.

- auonaticdlycowvertinggueriesandreportsintoeffici ent prograns.

- alowngextensive o ect nanagenent and tracki ng capabilities.

Application System(AS). The | BM Application Systems an integrated
deci si on support systemfor the VMand M/S oper ati ng syst emenvi r on-
nents. |t provi des busi ness control too s enabl i ng deci si ons based onfacts

rat her than assunpti ons. Wser i nterfaces support arange of experti sefrom
thenovicetotheexpert andprovide genera dataprocessingfacilitiesaswe |
asspeciaist businesstod s. It supports sinpl e and ad hoc queri es usi ng det a
fromnany sources. The el enents of this product i ncl udethe fol | ow ng:

« AS Server, anandat ory base product, provides the basic structure
for other optional host conponents. Qhits own, it provides stan
dardhost facilitiesfor accessviaclient products, suchas ASGient
and Personal ASona P2 (PAS2). It al so provides t he nini num
base for the I nfo CGent er/ Enhanced feat ure.
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« ASdientprovidesfull host ternminal support for nonprogranmabl e
termna s. Al thestandardfeatures of ASare avail abl e apart from
thefacilitiesd thebusinesstaod festure

» ASBusiness Took providefacilities (describedlater) for prg ect nant
agenert, busi ness paming, business statistics, adoptimzation(lin
ear progranming).

« Info Center/Enhanceds afollowonpathfor users of 101, ACRS
and AD .

Li ke QWF, ASprovides the capability tobuildandrun a dat abase
querythat isusedtogeneratereports of datasel ectively extractedfroma
dat abase. If only adatabase query i s needed, QMFal oneisthe best tod to
use. If other ASfunctions are a so needed, it nakes sensetoinsta | ASand
use t he dat abase query functi ons as necessary. Aternatively, QMFcan be
used i n conj unctionwth ASto provi dethe ASuser wth nore query capabi | -
itythanthat provi ded by ASal one.

The financi a nodel i ng capabi lities of AScan be usedto nodel and
eval uat e busi ness planal ternati ves. Such busi ness nodel s can have up to 12
di nensi ons. Known and proj ect ed val ues i n t he busi ness pl an can be
entered, and unknowns can be proj ect ed based on the rel at i onshi ps bui | t
intothenodel bytheuser. Theresults of thefinancial and yses are provi ded
intabu ar form

The busi ness graphi cs function of ASgenerat es vari ous graphs based
on nunfoer s provi ded by the user or fromtheresults of other prograns. The
types of graphs generated by ASincl ude pl ot, surface, scatter, histogram
toner, pie radar, nap, and mxed.

ASal so provi des proj ect nanagenent functi ons. The user first enters
infornati onabout apro ect. ASthen processes the pro ect, schedul i ngtasks
besedonresource avai l ability or tine, assessingrisk, build ng Gt charts
and | ogi ¢ di agrans, and det er nini ng probabl e conpl et on dat es.

The statistical anal ysi s conponent of ASincl udes anal ytical and
descriptivestatisticd functions. Includedis support for corre aion, regres-
sions, trendand ysi s, tineseries, conponent and ysi s, d scount ed cash fl ovs,
adsigificacetesting

The appl i cation preparatiofieat ure of ASenabl es the nore i nspired
user to nanage dat a and generat e si npl e appl i cat i on prograns wt hout the
need f or progranmi ng experi ence. Gormon uses for this functioninclude
the generation of sinpleapplicationprograns that produce busi nessre ports
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andcharts. Fnally, ASusesthelinear progranming approachto findingthe
optinal sd utiontoabusiness prod em

AScanbe used by itsel f or i nconjuncti onwth other programprod
uct s such as QMFor GficeM sion. AScanal so be usedinconjunctionwth
Rersonal ASonaPS2, a“nini” versionof ASthat providessinilar todstoa
st andal one PS' 2. Wien AS on an § 390 conput er and Personal ASon a PS 2
vork together, the user getsthefunctional ity and perfornance of the S 390
ASversi onwth the advant ages of the graphi cal , w ndow based user inter-
face of Rersonal ASonaPS 2

I ragePl us Fol der Application Facility.A though conput ers have becone
thepreferredvay of coll ecting, nanaging, anddistributinginfornationin
busi ness, al ot of paper continuestocircu ateinadfices, because noch of the
infornati onneededto support dai l'y busi ness operations does not lenditsel f
tobeing encodedintraditional conputer systens. Exanpl es of suchinfor-
nat i on ar e si gned docunent s, phot ogr aphs, and docunent s that contai n both
text and draw ngs. Because of this hard-to-nanage i nfornation, nany highly
conput eri zed busi nesses still havetoresort tothe nanual net hods of doi ng
busi ness for sone tasks. They nust still deal wthrows of filingcabinets,
overflowngin-baskets, envel opes, stanps, nail del ays, wast ebaskets, couri -
ers, andfolders. Gten, hand ingthis hard-to nanage i nfornati on creat es
battlenecksinanaoffice sproductivityandcansignificatlydd aytheertire
busi ness cycl e. Recent advances i n conput er perfornance and optical stor-
age technd ogy have resul ted inproduct s, suchas | BVIs I nageH us fanly, to
hand e thi s hard-t o- nanage i nf or nat i on.

InageH usis afamly of hardware and sof tware product s desi gned to
capture, store, andnanipulate inages Aninageisbasicallyane ectronic
phot ograph of a docunent, whichis storedinsideaconputer. Mrtua ly any
type of docunent can be easily capturedinside a conput er systemas an
inage. InageH us facilitates the offi ce changeover froma paper systemto an
el ectroni c i nage system That i s, | mageF us does for hard-to- nanage
docunent s what word processing didfor standard |l etters and reports.

Traci ng sone har d-t o- nanage docunent s t hr ough a hypot heti cal
i nsurance conpany using InageA uswll hel ptoclarifythe concepts. For the
pur poses of our exanpl e, we w || process a cl a mnade by M. Payne (a
custoner) for therepai r of danage caused by arecent hurricane. Hgure 5.7
shows t he | nageH us syst emused by our i nsurance conpany t o process cl ai ns.

Frst, theinsurance conpany s nail roomrecel ves threeestinates from
various cotractorsfor therepair of M. Payne' s hone. 9 nce these are si gned
estinates wth handwitten notes and i ncl ude phot ogr aphs of t he danage,
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theyfall intothecategory of hard-to- nanage docunents. They arefirst sent
totheoperator of the scanni ngworkstati onsothat aninage of each esti -
nat e docunent can be created inthe conputer. The scanni ng wor kst ati on
consi sts of aPRersonal Systemi2 running the PS 2 | mageP us Wr kst ati on Pro-
gram an 8508 Mbnochr one D spl ay, and a 3118 scanner (a printer nay be
added sothat theworkstationcandoubleasaprint workstati on, as shownin
thefigue). The scamner issinilar toacopy nachi ne, but rather than produc-
ingaduplicateinage onanct her sheet of paper, the scanner el ectronica ly
produces aduplicateinageinthe PY2 s nenory. The extra-w de 8508
Mbnochrone D spl ay al | ows the user toviewanim  age onone side of the
screenand enter textual infornati on (for exanpl e, nane, address, phone
nuniver, account nunier, and dat e cl ai mvwas filed) onthe other. Gcethe
inageisinthe PI2 theinage qual ity is enhanced by the | nageH us Vigr k-
station Program edited as necessary, and conpressed t o conserve val uabl e

di sk space. Theinages are then sent to the S 390 conputer vi athe t oken-

ring network and storedin § 390 di sk storage.

After these steps, the |nagePl us Fol der Application Facility WY ESA
(5695-041), whichisanapplicationprogramspecia lywittentousethe
facilitiesd thelnageR us system takes over. TreFd der AdicationFacility
i ndexes and stores the i nages. Thi s i ndexi ng associ ates the i nages with M.

5290 Processor
Folder mage Sorage

Boplication
Fadility  page E]
Storage

Teken-Ring LM

212 Seannar

g =

Pririer

——

O tca Library Dataserear
(2995)

2508 =502

E-—-u—ﬂ . .

E —n—nl .

Zanprintworkstation Wiewing workstation

Figure 5.7. Exanpl e of I nageA us Fol der Appl i cation Facility MS ESAenvi ronnent .
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Payne’ s account nunber and ot her pertinent infornationtofacilitatethe
quckretrieva of theinages. That is, al infornationrelatedtoM. Ryne's
clamis!linkedtogether i nsidethe conputer system The Fol der A ppl i cation
Facility al so sends a copy of the i nages over the token-ring net workto
the 3995 (ptical Library Cataserver (showninthe figure and describedin
Ghapter 4).

Inthis exanpl e, the Fol der ApplicationFacility alows theclains
supervisor toprioritize M. Payne sclamwththe ather active cla ns and
assignthe claimtoacla ns processor working at a vi esworkstati on. Li ke
the scanworkstati on, the viewvorkstati onis based on a Rersonal Systeni2,
the PS 2 I nageM us Wr kst ati on, and t he 8508 Mbnochr one O spl ay. The
8508 al | ovs the cl a ns processor to vi ewan i nage on one si de of the screen
and the associ ated textual infornation (for exanpl e, nane, address, phone
nuniber, account nunier, and date clai mvas filed) onthecther. Thereis no
needfor ascanner or aprinter a theviewworkstati on. The cl ai n$ processor
a theviewvorkstati oncannowessilyviewal |l of theinfornationassoci a ed
wthM. Payne' s case. Dringthe processingof M. Paynesclaim thecla ns
processor can suspend t he case whi |l e wai ting for additional infornation,
suspend t he case for a speci fi ed nuniber of days, or conpl et et he processi ng
and cl osethe case.

Sncetheinfornati onabout M. Pyne' scaseisal inorder, theclans
processor conpl et es t he necessary processi ng and cl oses the case. For now
theinages pertaningto M. Payne’ s case are renoved fromS 390 di sk stor-
agetofreespacefor ather activeclains, but the Qutica Library Dat aserver
keeps a pernanent record onoptical diskfor audit purposes. Later, if sone
of M. Payne' s case i nages are needed, they can berecal | ed fromthe Quti ca
Li brary Dat aserver. They can be di spl ayed on a vi ewvorkst ati on as before,
o theycanbesent toa printworkstationif hardcopies arerequired, suchas
for external correspondence.

Thi s i s one sinpl e exanpl e of an | nageH us envi ronnent. An i npor -
tant feature of thewhol e I nageH us Systems architectureisthat it is
desi gned t 0 acconmodat e ot her applicationprograns. That is, it provides
anapplicationprograminterfacethat al | ows a progranmer to devel op cus-
tomappl i cati on prograns that use i nage capture, nani pul ation, storage,

i ndexi ng, and printing functions provi ded by the I nageH us fanly of prod
ucts. Thisal o busi nessestobui | dinage-processingcapehi litiesinothar
nai nst reambusi ness appl i cati on prograns. For exanple, area estate office
cancapture photographs of theexteriorsandinteriors of the housesthat are
for sal e and store themin an | rageM us system Wt h t hese conput er
images, ared estate agent canessentially “va K’ prospecti ve buyers through
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thehouse befarethey ever leavethered estate office, savingeveryoreal ot
of tine. Inageprocessingisinitsinfancy; it wll playardeof increasing
i nportance i n busi nesses of the 1990s and beyond.

I ndustry- Speci fic Application Prograns

The cross-i ndustry appl i cati on prograns di scussed so far have been general -
purpose, designedtofill the needs coomontoavariety of busi ness envi ron
nents. They were desi gned t o be as general as possi bl eto cover the |l argest
narket—the“al |l thingstoall peop € approach. For exanpl e, the GficeM sion
applicationprograns areequal ly suitedtofill the needs of a depart nent
storeandarecyclingp an.

I nnost cases, abusi ness a so has sone needs that are nare speci al i zed
toitsparticdar industry. Therefore, aprewitten i ndust ry-speci fi @ i ca-
tionprogramnay be desirabl e. Thistypeof applicati onprogrami s specidly
desi gned t o address t he needs of awel | -defi ned busi ness t ype such as a con
structi on conpany or ahospital. My software conpani es put great effort
i nto devel opi ng i ndust ry-speci fi c prograns for the Systeni370 fannl y of com
puters. S nce § 390 conput ers can run nany of these prograns as wel |l as
thosespecia lywittenfor the ESA 390 architect ure, you have nany opti ons
for addressi ng speci fi ¢ busi ness and prof essi onal envi romnert s.

Thereareindustry-specific appl i cations desi gned for nanuf act uri ng
conpani es, i nsurance conpani es, engi neeri ng conpani es, hospita s, airlines,
and soon. These prograns are often  nodul ar, neaningthat they arereal ly
several different prograns designedtowork cl osely together. Each program
or nodul ecaneither be usedindi vidual ly or shareinfornationwththeoth
ers. Mdul ar prograns al | owt he user to sel ect only t he nodul es needed,
whi ch reduces costs for those not needi ng “t he works.”

An exanpl e of a nodul ar, i ndustry-specific applicationprogramis
IBM's Communi cations Ori ented Production I nformati on and Control Sys-
tem(QPIC) Rel ational. AP CSRelational isdesignedtoneet avariety
of needs for nanufact uri ng (for exanpl e, afurniture nanufacturer, engi ne
nanufacturer, or toy nanufacturer). It consists of four groups of application
prograns. Each nodul e provi des speci fic functions, including I nven-
tory Accounting, B Il of Mterials, Mteria Requirenents Hanni ng, and
Shop G der Rl ease. Thelnventory Accountingand B Il of Mterials CQH G
nodul es hel p docunent t he conponent s that nake up afinal product and
track the stock of the conponents andthe final products. The Mteria Re-
qui renent s A anni ng GA CS nodul e hel ps a nanuf act urer i denti fy whi ch
conponent s are on hand and whi ch need t o be or der ed t 0 execut e a pr oduc-
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tionplan. The Shop Oder Rel ease CH CSnodul e ai ds i nthe creati on of
theinfornationthat routes anorder through ananufacturingline.

The QR CSRelational nodul es are built onarel ational database
stricture (R o SP/OH. Thisrdaiod structrelendsflexibilityincre
ating cust omappl i cati on prograns towork wth G CSinfornati on and
to cooperate wth the G CSnodul es.

CHGR ational isjust oneexanpl e of anindustry-specificappli-
cation program Hindreds of i ndustry-specific application prograns have
been witten by nany sof t war e conpani es for the Syst emt 370 and ESA 390
architecture. Before deci di ngto undertake atop-to-bottomcust omappl i ca
tion programdevel opnert progj ect, prewitten, i ndustry-specific application
programal ternati ves shoul d be caref ul | y consi dered.

Custom Application Prograns

Fewittenapplicationprograns fit nany needs, asanmttenfits ahand. They
arecdftenwe | -witten, flexibl e, andconvenient tod s. | nsone cases, how
ever, usersnay findthet thefit of their gopicationprogrameedstobethat
of atight glove. Thisisespecialytrueinenvironnents wherethe S 390
conput er s are enpl oyed t o per f ormunusual and speci fi ¢ tasks, werethere
isaneedtoconformto existing conpany procedures, or where conpetitive
advant age can be gai ned. Inthese cases, it nay be better to devel op custom
applicationprograns wittentothe user’ s exact specifications.

Qust omappl i cati on prograns are usual |y desi gned and witten by a
staff of progranmers enpl oyed by t he conpany or by consul tants contract ed
just for that purpose. Ineither case, the besic devel opnent steps are usual |y
thesane. Hrst, asoftware specificationis devel opedthat descri bes what
each programdoes. After thespecificationis conpl eted, aprel i mnary ver-
siondf theprogramiswittenthat denonstratesthefunctionthat wil evenr
tudlybeinthefina program Thisprelimnary versionis eval uated by the
user, adthespecificationisateredtorefl ect any needed changes. As al ast
step, thefina programand user nanual s arewittenand put inplaceat the
user’slocaion

Typicaly, user tranngwl!| beprovi ded by the devel oper and any proo-
lens wll beironedout. Ocethe user accepts the program the sof t vare has
tobe supported —users w il need a pl ace t o go wien t hey have questi ons not
addressed by the nanual s. Support al so i ncl udes naki ng necessary changes
totheapplicationprogram as the changi ng busi ness envi ronnent wll often
require. This kind of ongoi ngsupport iscritica tothe success of any com
put er autonat i on proj ect.
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I n nany cases, customappl i cation programdevel opnent isinitialy
nor e expensi ve and ti ne- consuming than the prewitten application pro-
gramapproach, but in nany environnents thi s addi ti onal expense andti ne
arequickly recovered by theincreased productivity that canresult fromcus-
tomapplicationsthat preciselyfit the needs of the envi ronnent. An addi -
tional benefit of customapplicationprogransistheir abilitytochangeasa
conpany changes. Getting naj or nodificationstoprewitten application
prograns nay be di fficult or i npossi bl e i n sone cases.

The cycl e of customappl i cati on programdevel opnent can be very
trying-especia lywthlargeor mitipeprgects. Theconplexities of today' s
appl i cati on prograns nake nai nt ai ni ng cust omappl i cati on prograns chal -
l'enging, | et al one devel opi ng nore cust omappl i cati on prograns. For this
reason, nany appl i cation devel opnent staffs findthensel ves very busy nai n-
tainingexisting applications or vorki ngon prg ects that were request ed two
years ago-activitiesthat hinder their abilitytoddiver newapplicaionpro
grans needed by t he users t oday.

Cust om Application Program Devel opment for System 390

There are nany different tool s and appr oaches i ntended to i nprove the pro-
cess of cust omappl i cati on devel opnent, wthvaryinglevel s of success. In
fact, thed versity of tod savai l dd etoday toaddress the chd | enge of custom
appl i cati on programdevel opnent canitsel f leadtoinconpatibilitiesanda
fragnent ed devel opnent process.

Begi nning i n 1989, | BVIs approach for cust omappl i cati on program
devel opnent for the § 390 envi ronnent was based on an SAA-conpl i ant
environnent calledthe AD Cycle Franework AD Gycl e was announced as a
franevork for integratingal | facets of the gpplicationdevel opnent lifecyd e
for large, predomnant|y host-centric enterprises. The vi si onwas to achi eve
integrati onaroundahost repository wthsignificant participati onfroma
speci fic set of CASEvendors

S nce 1989, theindustry focus has changed dranatical |y from
enphasi s on devel opnent of host-centric appl i cati ons (those runni ng on cen
tral nai nfranes) to enphasi zi ng devel opnent of client/server applications
by and for wor kgroups. Application devel opnent for ot her pl atforns
becones nore i nportant each year. This has I ed to refocusing | BM's
appl i cati on devel opnent strategy to one based on LANs and wor kst a-
tions. A thoughthestrategyretainsits focus onenhanci ngthe productivity,
qual ity, and nanagenent of application devel opnent and nai nt enance, it
isdesignedtoprovide highly productive appli cation devel opnent sol uti ons
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acrossarange of integrated environnents, includingbut not limtedtothe
hast centri c cust oner.

The appl i cati on devel opnent strat egy conti nues t o acknow edge t he
needfor arepository, integratedservices, and GAstandards. Inthe new
strategy, however, theval ue of therepositoryliesinlinki ng-v aa conmon
set of toolsspecificfor theapplicationproblemandtheskill level of the
pr ogr ammer —+he activities of aworkgroup. That is, the sol utions are
di rected at specific custoner devel opnent and executi on envi ronnents. The
IBVIs strategy focuses ontool s that addressthe gl obal appli cati on devel op-
nent i ssues of inpl enenting client/server applications, devel opnent of
appl i cati ons usi ng oy ect-ori ented technd ogy, and expansi on of appli cation
devel opnent to nul ti pl e | BMand non- 1 BMdevel opnent and execut i on pl at -
forns. Qeinportant dinensiontothisapproachistheflexibilitytode
vel opanapplicationinaconputi ng environnent that isdifferent thanthe
environnent invwhichit wll run.

Appl i cati on devel opers have a nunier of choi ces whenit cones to
devel opi ng § 390-based or distributed applicationsthat runinan S 390
enviroment. Hgureb5. 8idatifiestheseoptionswththetod sel ectionthat
isavailable Thefdlowngsectionslookat theseoptionsinnaredetail .

Front - Endi ng Exi sting Applications

Thi s process i ncreases product i vity by naki ng exi stingapplicati ons essier to
use w t hout changi ngthe actual applications. Adding new user-friendy,
graphical front endstoexistingapplicationsisanefficient vaytoinprove
user productivity wthout the increased expense or tine consunption
requi redto devel op newappl i cations. Sone of thetoo s avai | abdl e i ncl ude

» Visual Age,identifiedby several conputer journal s as an out stand-
i ng appl i cati on devel opnent product, is an o ect-oriented vi sua
progranming tool that provides alibrary of applicati on conponents
(or obj ects). Devel opers canusethe exi sting o ects or create new
ones to bui | dworkstation prograns that i nvoke exi sting § 390
applications or access data stored on ot her systens across the net -
wor K.

» Visual Liftprovi des a newgraphi cal user interfacefor traditiona
ineractive3Z70termnd gpplications. It providesaFCinterface for
existinghost appications, gvingusersthesaneinterfacethet they
already have for their FCapplications. Ay 3270 appl i cation pro-
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Figure 5.8. Systemi390 appl i cati on devel opnent choi ces.

gramrunni ng on WS W or VSEoperating systens can usethis
product. Wersstill usinga327/0termnal or who arej ust nore com
fortablewththeorigi nal 3270 panel nay continue usingit.

e The Interactive SystemProductivity Facility (I1SPF) for RWB-
vides atool for noderni zi ng host appl i cations wth Gonmon User
Access (GA constructsandclient/server support. 1t is|BVIs host-
based appl i cat i on devel opnent (AD envi ronnent that enabl es us-
erstodrivethe devel opnent of host-only aswel | as client/server
appl i cations fromt he sane, host - based envi ronnent . | 7 nanages
fromthe host traditional ACS IMg B2, and other appl i cati ons.
Wihit, applicationsarechangedintod stributed presentati onap
plications by distributingthe presentati onfunctiontoindividual
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workstations usi ng G5 2, Wndows, RS 6000, or Hewett Packard s
H2 WX \ersion 4, Rel ease 1 provi des a newgraphi cal user inter-
face (GJ) for | SFFapplications wthout requiringany program
mng effort.

\ersion4, Rl ease2adds functions andflexibility for creating
hi gh-productivity user interfacesfor applications. It providesthe
ability toautonatical |y enhance and nove to the workstationthe
user interfacedf host applications. Wingthisproduct towite GJ
inerfacesprovidesd |l the advantages of host gpd i cati ons, incl ud ng
secwrity, centra distribution, 3270 support, and nai ntenance, Wil e
keepi ng t he advant ages of havingthe GJ at the workstati on.

Thi rd- Gener ati on Language (3GL) Tool s

My appl i cat i on devel opers creat e appl i cati ons usi ng a procedural net h-
odol ogy and 3@_tool s. Frequently, these applications access | M5B and
B faml y dat abases. My of t hemprovi de on-1ine transacti on processi ng
support agai nst t hese dat abases. Vien per f ornance at executi on ti ne nust
be opti mzed, 3@ technol ogy i s of ten chosen. | BViprovi des a w de range
of conpi | er choi ces, whi ch provi deinterfacestothe dat abases to mni nze
the appl i cati on code necessary.

The conpi | er provi des t he base for devel opi ng and enhanci ng pr o-
grans. 3@ sol utions al sorequire nai nfrane andworkstationtool sthat can
i nprove S 390 appl i cati on devel opnent productivity aswell as helpto
reeng neer exi stingappl i cati ons, autonat e programtesting, and pronat e code
reuse. These tod s i ncl ude debuggers, | anguage sensitive editors, andtest
facilitiesthat aretightly coupl edtothe conpil er. Wththe addition of
Qpenkdi tion M/S (di scussed | ater), application devel opers have access to
WN Xfunctions andthe fol lowngtool s on S 390.
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» CoQperative Devel opnent Environnent/ 370 ( CODE/ 370pnbi nes

al |l of the application devel opnent envi ronnent and nai nt enance
activitiesintoonetool. This enabl es appl i cati on progranmers to
devel op and nai ntai n hi ght1 evel S 390 appl i cati ons fromworkst a-
tionswthgreater ease and consi st ency.

e Language Environnment for MVS and VM Rel ease(4ornerly

LE 370) conbi nes essential run-ti ne servi ces such as nessage han-
diing, conditionhanding, and storage nanagenent routi nesinto
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one product. It provi des conmon servi ces and | anguage- speci fi c
routinesinasing eruntineenvi ronnent for applications gener-
ated with the IBMCOBQL for WS and VM | BMJ G+ for
M/SY ESA and IBMPL/ 1 for WS and VMhi gh | evel | anguage
conpi l ers. This product al so provides support for the P/ 1
nol titaskingfacilityandadd ti onal obj ect and | cad nodul e support
for GRY 1

e |BMC/ C++ for MWS/ESA Version 3, Rel easeis M/S based, | an-
guage cent ered, and desi gnedto hel p appli cati on devel opers cresate,
nodi fy, test, and debug Cor CHapplications targetedto execute
onthe MG ESAplatform It buil ds onthe existing G 370 product
and f eat ures st andards conformng Cand G+ Gonpi | ers, C+ G ass
Li braries, Dynanmic Link Li brary (OLL), and D rect -t o- SIM( DTS
functions, anai nfraneinteractive debugger, andanopti ona cl ass
library sorcefesture

» PL/1 for Q8 2enabl es programmers t o devel op and test appl i ca-
tions on (5 2-based workst ati ons before final testing and execu-
tiononthe S30. Bytaki ngadvantage of efficient user-frieddytods
onthe G5 2workstation, includingagraphi cal debugger and gr aphi -
ca wser interfacebul der, devel opersaredd etocresteapdicati ons
nore qui ckl y.

» QOOBOL Productivity Suites anintegrated set of host and wor kst a-
tiontool s that i nprove programmer productivity. The package
i ncl udes a conpr ehensi ve set of GBA. devel opnent, testing, and
nai nt enance functi ons. Servi ces and educati onare avai | abl e as part
of thepackage (intheUhitedSatesonly).

+ IBMCOBOL Visual Set for WS and \(\ newr el ease of the prod-
uct formerly call ed GBA/ 370) brings Systempj ect Mvdel
(SQV) —based obj ect-ori ented programmng to t he M/S QBCL
progranmer. Progranmer s can devel op cl ass | i brari es usi ng nati ve
QB | anguage and shar e obj ect s bet ween ot her SCMenabl ed
| anguages. Enhancenent s i ncl ude obj ect - ori ent ed | anguage ext en-
sions, direct-to-SMsupport, optional 10 generation, accessto
existing SMbased class libraries, andinprovedinteroperability
wth Cand G+. DO rect-to- SOMsupport enabl es programmers to
create | anguage-neutral SIMobj ects directly in GBQ, whi ch does
not regui rethe Interface Oefi ni ti on Language.
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« IBMCOBOL for VSEbrings newfunctions to the VSE environ-
nent, includngintrinsicfunctions, accesstoadl denentsinatad e
at once, consistent interlanguage conmuni cati ons, ConMmoN Ser Vi ces
and functions, inproved dynanmic cal | s, and support for the “year
2000. "

| BM COBOL Vi sual Set for OS/2s a workstation based product
that canbe usedto devel op G5 2 appli cations and assi st i n devel -
opingS 30 agpplications. Itsfeaturesincludeatod set toconpl e
nent that of GH 370 and a graphi cal debugger and vi sual tool s
tocreate graphical user interfacesfor GBA client/server applica
tias.

« COBOL Structuring Facility (COBOL/ S)ransforns unstruct ured
Q®BA. prograns i nto struct ured prograns.

e The Workstation Interactive Test TodIW TT and X/ W TT) aut o-
nat es programtesting by creatingtest scriptsthat canbereusedto
ensur e hi gh-qual i ty programnai nt enance. WTT runs on (5 2, and
X'WTT runs on XWndows. Bot h product s record, play back, and
conpare executionof aclient/server application.

» Redi scovery/ WSand Redi scovery/ 2provi de a set of sof tware nai n-
tenance andreusetod stohe pincata ogng, identifying locating,
and accessi ng sof t var e el enent s.

« QpenkEdition Shell and Wilitiegaovide INXutilitiesthat canbe
used froma variety of UN Xenvironnents on WSand W |t
nakes pi ping, coomand i nterpretation, andall the features of the
Korn shel | avail abl e to M/Sand Wusers.

« dbx, a UN Xdebugger avai | abl e for CLanguage prograns on M5

provi des sour ce-1 evel debuggi ng capabilities and servicesto
debug CLanguage prograns i n a nul tit hreaded envi r onnent .

Fourt h- Generati on Language (4Q.)/ Application Generator Tools

Thi s process provides anintegrated appl i cati on devel opnent envi r onnent
that generates applicati ons fromahi gher-level specificationar aru es-baesed
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| anguage. Usi ng 4G generat or s speeds appl i cati on devel opnent, reduci ng
appl i cati on backl og and al | ow ng qui cker response t o busi ness changes.
Becausethe processisiterative, users canprovi defeedoack at each devel op-
nent stage.

» Visual Genis an 5 2- based appl i cati on devel opnent sol ution for
applicationsthat runinavariety of workstati onand host envi ron
nents. It providesthecapabilitytodefing test, adgenerate, inthe
sane devel opnent envi ronnent, graphi cal user interfaceclient
applications, server goplicaions, axdsing e-systemgppdications. It
i s desi gned to neet the needs of busi nesses that areinpl enenting
second-generationclient/server applicationsfor on-linetransaction
processi ng (TP envi ronnent s.

« (O3 PACBASE CS devel oped by IBMs O3 subsidiary, isaninte-
grated, enterprise-w de conput er assi sted sof t ware engi neeri ng
(CA®) environnent that supports the entire devel opnent process.
I't supports aw de variety of vendor pl atforns and can be used t o
devel opclient/server, ontline andbatchapdicationsinnol tivendor
envi ronnent s.

Toaddressthedi stributed appl i cation, 1BMVisintroduci nganewprod
uct set initsappicationgenerator fanly. Gonsistent wththe 4G approach
tobuildingapplications, it wll shieldthe progranmer fromthe conpl exity
of creating graphi cal user interfaces, understandi ng conmuni cati on proto-
cd's, and havingto access data. It confi nes client visual progranming and
transacti on appl i cati on server generati on. Asingl e progranminginterface
existsontheclient and server supporti ngavari ety of conmuni cati on proto-
cas, including TR 1P, ARG A CS and NETB os. H ans i ncl ude supporti ng
open syst emst andar ds such as Novel | | PXand C8 DCE Thi s product, not
yet naned by | BM si npli fi es and aut onat es t he conpl ex t asks of generating
GJ clients and optimzi ng GBA source code for mil tipl e server pl at -
forns. It supportsapplicationsthat canbespit acrassbathclient and server
whil e defining, testing, andgenerating GBA al | onaworkstation.

Thisproduct istigtlyintegraedintothe IBVCR rel ati onal data-
base famly of products andw |l fully exploit ORDAa definition, test, ad
execution. Exploitati onof DRDAextends the data access capability to con
nect to renote CB systens provi ding access to enterprise data. Non-1BM
relationa databases wll be supported, aswel | asal dat abases conf orning
tothe X Qpen Q. Al standard. GJ client applicationswl| interface
wth ACSbasedfull-functionserverson MS V&E or (52 It wll pro-
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vide applicationexecutionservicesfor standa one appl i cations running on
M/S, VSE and A CS 5 2.

Cbj ect-Oriented Application Devel opnent

Today' s conpl ex busi ness envi ronnent denands flexibility and adaptability
inthetod swthwhichthe businessis nanaged. Applicationsthat both cap
tureandana yze businessinfornational sorequirefar noreflexibility than
those of even afewyears ago. The fol | ow ng secti ons descri be sone S 390
sd uias.

bj ect-oriented (AD programn ng (OP).Thi s t echnol ogy enabl es a busi -
nesstorapidybuild, deploy, naintain, andnodify applicationprograns. A
key el enent differentiatingthistechnol ogy fromearlier progranmingtech
nologiesisthecapturingof rea -worl dbusi ness entiti es (suchas products,
orders, bills, and nanes) and nappi ng t hemt o t he processes and rel ati on-
ships wthwhichthey areinvol ved. Qnce a busi ness process i s nodel ed,
needed changes ar e i ncor por at ed w t h nini numdi srupti on. Rrototypes are
inprovedincrenental |y until they neet productionrequirenents.

(pj ect - ori ent ed programdevel opnent of f ers advant ages i n the areas
of codereuse, highprogramqual ity, reduced devel opnent tine, and rapid
depl oynent of obj ects across anetwork of int erconnect ed systens. Wththe
announcenent of (bj ects on MY ESA 1 BMconbi nes the traditional
strengths of MSwthastae-of-the-art appl i cati on devel opnent ervi romnernt .

Asastarter set, |IBVioffers oy ects andsevera types of classlibrary
support on M/S

Q@ilectionclassesthat provideavariety of classica datastructures
as bui | di ng bl ocks fromwhi ch appl i cati on obj ect s can be deri ved.

» Dataaccess classes that provi defunctions that access and nani pu-
latedataandinteract wth dat abase systens. These al so offer the
ailitytostaoedyjectsinadaaesefar laer retrievd.

« Aunit of vork franevork that eases thetask of i npl enenti ng recover -
ab etransactions vherenoi tipl etransacti ons needt o be coord net ed

« Auser interface franework that provi des di al og nanagenent ser-
vices for control |i ng and di spl ayi ng appl i cati on panel s for
nonpr ogr anmabl e terninal s.
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The M/Sobj ect-ori ented envi ronnent partial lyinpl enents the Com
mon (bj ect Request Broker Architecture (CORBYersion 1 as defined by
the Obj ect Managenent Group (OM3a consortiumdefini ng standards
for object-oriented applicationdevel opnent. 1t a so supports the Interface
Def i nition Language (10,)a specia |anguage for defini ng cl asses.

SOWbbj ects for WS. I BMs System Obj ect Model (SOMconsi sts of a
conpi | er, dgect naneger, adbesec asslibrariestha areusedtobul d, peck-
age, and nani pul at e bi nary-conpati bl e applicationclasslibraries. B nary
conpatibility, not availabl einnany object-oriented environnents, al ons
classlibrariestobenod fiedor rep acedwthout regui ring reconpil ationof
applications. Aclasscanbeaddedtothelibrary wthout havingtoreconpil e

al of theclassesinthat environnent. SOWbj ects for MSal so al | ows ap-
plicationswittenindifferent progranming | anguages t o use a conmon cl ass
library. Thus, prograns witteninonelanguage canuse objectswittenin

anot her. SOMbbj ects for MSapplicationsruninACS INg APPG bat ch,

and TSOenvi ronnents. SOMbbj ect s for M/S provi des t hese appl i cation
devel opnent benefits:

» Ofesfaster devd grent adrevisiond criticd businessgdicaios.
« Alows natural nappi ngs bet ween real -worl d obj ects and appl i ca-
tion programobj ects and supports reusi hg concept s and conpo-

nents, bathof whichcontributetoinprovi ng devel oper productivity.

s JeeksdHiveyd gicaiostousershyeddingused existingd ass
libraries andapd i cati onfraneworks to short en devel opnent ti ne.

« I nproves programaual i ty through use of existing, pretestedconpo-
nets.

Enabl es porting appl i cati on sour ce code because of t he conmon
devel opnent base sharedwth G52 and A X

This last poi nt becones increasinglycritica asclient/server conputing
becones nor e pervasi ve. Applications nust be abl e t o communi cat e and
sharedataacrossp afarns. |Bvhesstatedthat, inasuossequent stage, Ds trib-
uted SOM(DSOV) wi || extend t he power of SOwbbj ects for M/S.
Applicationswll access andshare oy ectsthat resideind fferent systens,

and | ocationandinpl enentation of the object wll betransparent tothe

L.
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Pr ogr ammi ng Languages and Tool s for M/S.The first stage of delivering
obj ect technol ogy for M/Si nvol ves programmi ng | anguages and t ool s.
Appl i cati on devel opers have used a vari ety of progranming | anguages, not

al of vhichareusefu inanayect-orienteddevel opnent envi ronnent. | BVIS
support for obj ect technal ogy for MSi ncl udes

« An ANSl standards-conpliant Cand CH conpil er that all ows
devel gperstocreateapplicati onsfor §3%0 enviroments or tohbring
(port) existing Cor CHapplicationsto S 390. This support al -
| ows a G+ progranmer to generat e SMobj ects directly fromG+
Aset of C+classlibrariesthat areapplicabl eto MSand conpat -
iblewthequivalent Gclasslibrariesddiveredwth| BMCSat +
for G82and A Xproductsis al soincl uded.

+ OBA. Visual Set for WS and WNIntroduced earlier inthis chap-
ter, includes aconpil er wth GDIl anguage ext ensi ons based on a
subset of the ANS GDQ®BA standard; support for the direct
creati onof SMohyj ects; access to exi sting SMbased class |i brar-
ies; inprovedinteroperabi litywth  Cand G+ and source-l evel com
patibility with 1BM COBQL on the workstati on. COBOL
programmers can dranatical |y sinplify their design, nai ntenance,
and devel opnent usi ng GDand have consi st ency bet ween t he desk-
top (& 2) andthe host (WS ESA). (pj ects provi de a neans for
reusing |l arge portions of GBA. code wthout havingtorewite
applications. GBA sol utions support LR, ACS IN§ and VSAM
bothlocal lyandrenotely.  Though not yet available, |BMplansto
provi de anot her | anguage, Shalltalk for M/S Thisw |l al so
be de signed to expl oi t SOMt echnol ogy on M/St o ease reuse of
object classes andinteroperability acraoss progranming | anguages.

» Msual Ageisaclient/server, ogect-orientedpover tood designedto
naxi n ze progranmer productivity. It conbi nes GDtechnol ogy wth
theabilitytoconnect prefabricated sof tware conponentstorapidy
devel optheclient portionof applications. | BViintends t o enhance
M sual Age' s expl oi tati on of SOMtechnol ogy by provi ding the abi | -
ity touse SMobj ects that resi de on an M/S syst em

Support Services for M/S. The newness of obj ect-oriented technol ogy to
nost busi nesses Wl necessitatethe use of consul ting and educat i on servi ces.
Servi ces provi ded by | BVi ncl ude an GDt echnol ogy assessnent servi ce
desi gned for newconers ready to nake or explore thetransitionto GD
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devel opnent, aseries of quick-start services designedtoassist inp amning
and starting an GDproj ect, and a“wapper” servi cethat provi des an oper-
ating pilot or productionsystemthat i s usabl e by experi enced GDper son-
rd.

The dranati cal |y different nature of GDdevel opnent conparedto
noretraditional nethods suggests that educationwll beacritica conpo-
nent toany start-upprogram Fornal traininginarea -worldsituationis
oftenakey to successful |y naki ng the transiti onto GDdevel opnent. | BVIS
(oj ect Technol ogy Uni versity (OTW)s desi gned t o neet these needs. Three
prograns, covering three di nensi ons of education, are provi ded t hrough
Ooru.

» The Resi dency Programoffers a perfor nance- based, team| earni ng
envi ronnent for i nmersi onin GDconcept s.

« The Gonti nui ng Educati on Programcovers snal | er curri cul um
ar eas such as ADproj ect managenent, products andtool s, pro-
granming | anguages, anal ysi s and desi gn, dat abases, and franevor k
techna ogy. Thi's provi des ongoi ng technol ogy trai ni ng for those who
have at t ended t he Resi dency Program

» Soecia Brentsprograns provide aforumfor sharingthelatest i npl e
nent ati on and techni cal updates. These w | | i ncl ude conf er ences,
synposi a, semnars, and publ i cati ons.

Application Enabl ers—Extending the API

Aplicationprograns i nteract directlywththe operating systemto perform
d fferent tasks suchas readi ngandwiting di sk storage or sendi ngi nf or na-
tionover aconmuni cations network. Theinteracti on between the operating
syst emand appl i cati on prograns t akes pl ace t hrough the appl i cati on pro-
granming i nterface (AR) presented by the operati ng system(H gure 5. 1).
Programproducts, called application enabl ersextendthe AR presented by
theoperating system(FH gure 5.9). Applicationenad ers addfunctiontothe
A, thusdfferingnare servicestoappl i cati onprograns. As thefi gure shovs,
appl i cati on enabl ers resi de bet ween t he operat i ng syst emand t he appl i ca-
tion programl ayers of our sof tware nodel , and they acti vel y conmuni cat e
wthbothlayers.
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Figure5.9. Applicationenabl ersbuildonthe AH of the operating system offering
addi ti ond servicestoappicationproyans.

Addi ng addi ti onal servicestothe AR nakes thejob of application
programdevel opnent easi er. 9 nce sof t var e devel opnent conpani es can naore
easily devel op prewitten application prograns, S 390 users have nore
prewitten application prograns fromwhi chto choose. Inthe sanevay, the
productivity of devel opi ng cust omappl i cati onprograns i s inproved, since
the appl i cati on enabl ers provi de nany functi ons t hat woul d ot herw se have
tobewittenfromscratchduri ngthe customappl i cati on devel opnent prg ect.

Thefd lowngsections| ook at threecategories of goplicationendd ers
used wth § 390 conput ers: transacti on-processi ng appl i cati on enabl ers;
cdat abase appl i cati on enad ers, i ncl udi ng an overvi ewof | BVIS dat abase strat -
egy; and speci a - purpose appl i cati on enabl ers.
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Transacti on-Processing Application Enablers

Today' s §390 users commonl y i nteract wththe conput er systemby typi ng
arequest onaworkstati on' s keyboard and t hen vi ew ng t he conput er systems
response ontheverkstati on' s di spl ay screen. For exanpl e, afront desk cl erk
at the Yptown Hitel nay typeinarequest for i nffornati onabout M. Vann's
reservation andthen seetheinfornation presentedonthe display screen.
Thistypeof interactioniscalleda  transacti on Athoughtransacti ons seem
sinpleonthesurface, theclerk at the Uptown Htel sets off aflurry of
activity wthinthe systemwhen he requests i nfornationabout M. Vann's
reservation. Just hittingthe highlights-the keyboardtraffic nust beinter-
preted; the proper databasefil e nust be accessed; M. Vann' s recordinthe
dat abase nust be found; and the requested i nfornati on nust be sent back,
fornatted, anddirectedtotheworkstati on. Nowconsi der that there mght
berultiplehotel clerksat the Uptown Hotel all checki nginand checking
out different custoners. Mreover, there arethe nati onw de t el ephone
operatars, locatedinanather city, al sinol taneousl y naki ng, cancel i ng, and
changing reservations for the entire chainof Utow Hitel s throughout the
world. Thus, thetransaction | oad can qui ckly i ncrease t he denands ont he
conput er system whi ch can nean sl owresponse tines for the hotel cl erks,
whi ch neans 1 ong | i nes at the checkout desk and angry cust oners. You can
al so see howdanagi ng i t woul d be when t he conput er syst emi s down.

Qr exanpleisahotel -oriented transacti on, but nost busi nesses use
transacti ons. Thus, thereisaneedtoprovide S 30 userswihatransacti on
processi ng capabi l ity that delivers access to infornation, good
perfornance-levd s (thet is, fast responsetines), adreiddility (littlecom
puter dowting). Inprovid ngthi s transacti on-processi ng envi ronnent, there
are conmon needs for any type of transacti on, such as conmuni catingwth
apoo of termnal s, hand i ng mul tipl e and si nul t aneous transacti ons, and
aoocessi yfiles,

The Customer Information Control System(ClIC$s afamly of
applicationenabl ersthat provi dethese services for applicati on prograns,
free ngthe appl i cati on programdevel oper fromhavi ngtowvorry about trans-
acti onnechanics. That is, the services provi ded by @ CSal | owt he program
ner tospendnoretinewitingapplicationprograns that neet the busi ness’s
needs rat her t han wadi ng t hr ough t he nechani cs of atransaction. As an
appl i cation enabl er, A CSresides between t he operati ng systemand
the trans acti on-based appl i cati on prograns. The progranmer thenwites
hi s or her applicationprogramtothe AR providedby ACSandlets ACS
dothe necessary interactionwththe operating system Qe copy of ACS
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runni nginthe conputer systemcan handl e the transacti ons of nany differ-
ent users and nany di fferent transacti on-based appl i cati onprograns. Ater-
netively, miltiplecopiesof QCScanbeactiveinasing eS 39 conput er
and can freel y conmuni cate wth one anather (that is, sharedata). Further,
nmul tiplecopiesof AQCScanbeinstalledindifferent conputer sys-
tens (S 390s or others) and can cormuni cat e freel y. The dat a act ed upon
by QCScanbeheldinadatabase, inastandarddatafile, or wthina@Gs
it

Therearedifferent versions of G CSfor the various S 390 operating
systemenvironnents. A CY ESAis for the M/S ESA operati ng system
ACY VEisfor the VH ESAoperating system and A CSY Wi s for the
VW ESAoperati ng system There are al so versi ons for Systeni370 operati ng
systens andfor the P92 running either the G582 or DO operati ng syst ens.

Aninportant feature of ACSis the common application program
inerface (AR), wicha lons applicationstobeportedeasily fromonepl at -
formtoanather. Applicationfunctions canbe distributed across different
elenentsinanetvork, all owngthe best use of hardwareinvestnents. Ina
PS 2 for exanpl e, applicationprograns wittentothe @ CSAH can access
datastoredonthe P2 s owndisk storage or onthat of a connected com
puter system(for exanpl e, a A CSS 390 conputer) i na cooperative pro-
cessi ngcofiguration

\ersion4isthenost current versionof QC3ESA Thi s versi on sup-
ports t he enhanced syspl ex envi ronnent of M/S/ ESA Versi on 5, whi ch
exploits | M5B dat a shari ng and dynanic wor kl oad bal anci ng. (See di scus-
sions of MY ESAand WS ESAlater inthis chapter.) A CSal so provi des
support for nul tipl e network protocal s, including SNAand TR | P, trans-
parent use of LANs and WANs; and concurrent sharing of datawth com
deeinayity.

A CI ESA Versi on 4 al so works wi t h a conpani on product A CSPl ex
Syst em Manager / ESA (Cl CSPl ex SM Version Thi s product provides a
syst emnanager for A C3 ESA syst emprogranmer s, systemadmni strators,
and naster termnal operators. It provides area -tine, sing e-systemi nage
of themiltipledCIESAsystens that nake up the transacti on processi ng
envi ronnent i n nany busi nesses. Froma si ngl e poi nt of control, A CH ex
Mnoni t ors and oper at es t he A CSaddr ess spaces and resour ces t hr ough-
out thebusiness enterprise. It a so provi des nanagenent by excepti on capa:
bility, autonatical lywarningof deviationsfromintended perfornance, and
wor kI oad managenent, whi ch provi des wor kl oad bal anci ng across A CS

syst ens.
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Dat abase Application Enablers

Asvesawearlier inthischapter, adatabaseisabody of infornati onstored
w thi na conput er systemi nsuch away that theinfornation can be effi -
cientlynanpu ated. Thereared fferent types of databases, but al providea
structureinwhichinfornation canbe storedinacoherent and consi st ent
nanner. Dt abases are used wdely for storingdifferent types of i nforna-
tion, suichasarlinereserveti ons, parsond recards, billso naterids, sdes
figres, characteristicsd fishes, inswracedans, o netingponso vari-
ous chenncal s.

Toa dinthe devel opnent of S 390 dat abases and the appl i cation pro-
grans that nani pul at e them vari ous dat abase appl i cati on enad ers have been
devel oped. They fall intogroups of relational, hierarchical, and para | el
dat abese endd ers.

Rel ati onal Dat abase Enabl ers

IBVIsrel ational databasetechnd ogy i ncorporates highly efficient opti mz-
i ng technol ogy, obj ect extensi ons to conti nerel ational technol ogy wth
energi ng obj ect and mul ti nedi a technol ogi es, andtraditional relational
dat abase nanagenent functions. The CB famly of products i ncl udes 0B
for MSand DB for VSEand W It supports growt h froma snal | nunioer
of userstoenvironnents requi ring support of hundreds of users.

Dat abase 2 (DB2) and SQ.. DB is an application enabl er that provides a
nechani smt o bui | d and nanage arel ati onal dat abase on a syst emr unni ng
under M/S'ESA Arel ational database uses aflexible, tabular fornat for
storinginfornationthat lendsitse f toadhoc questi on-and-ansver d al ogues
bet ween t he user and the conput er system CBR by itself facilitates the
devel opnent of customappl i cation prograns that access theinfornati onvia
Structured Query Language (SQ)SQL i s an SAA-conpliant, English-1ike
| anguage used to search, nodify, create, anddel eteinfornationinadata
base. S statenents can be enbedded i n cust omappl i cati on prograns or
issueddirectly by userswththehel pof prewittenapplication prograns
such as the Query Managenent Facility (QvRnd Application System(AS)
dscussedearlier inth schepter

Enhancenent s i n CB2 Version 3 al | owprograns t o access dat a at
nitipesitesfor the sanetransaction. D ensures dataintegrity wilethe
appli cationnakes updates at nultiplesites. This process, cal ed distributed
t wo- phase commit al so enabl es IMsand A CSapplications to perform
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updatestodatastoredat renotel ocati ons. Thi s enhancenent is nadewthin
the Distributed Rel ati onal Database Architecture ( DRDA)

CRA provi des a set of protocol s that define howclient and server
systens caninteroperatewtheachather toprovi de accesstorenate data It
isanopenarchitecturethat enabl es client systensto access and nani pul ate
dat a on any ORDA:-enabl ed server, whet her provi ded by t he sane vendor or
by di fferent vendors. Functions incl uded are sing e-site access definiti ons,
nul tisiteupdates wthenforced dataintegrity, and use of stored procedures
and DEsecurity. CRAclients canbeused directly by appli cations or they
can be used t oget her with syst ens sof tware for added t ranspar ency and f unc-
tion. CRDAprovi des enabl i ng technol ogy for data access for users, applica
tions, datareplication, and systens nanagenent. | BMprovi des CRACl i ents
and servers throughout the DB famly, including DB for MSand W
DB2 for VSEis a DRDA server

Q her enhancenents al | owparal | el 1/Ooperations to reduce query
response tine when accessi ng large partitioned datatabl es. A so, datacom
pressi on provi des i nprovenent s i n DADst orage, contral ler, channel s, and
central storage at sone cost inprocessor tine. Wse of the hardwar e conpres-
sionfeature (see Ghapter 3) mnimzes theinpact to processor tine. 1BV
has announcedits intent to support nol ti systemdat a sharing by expl oi ting
the enhanced syspl ex. Thisw || enabl e DB dat a sharing applicationstorun
on nor e t han one subsyst emand read/ wi t e froma comrmon shar ed
database. Thisfeature wl | use coupl ed syst ens t echnol ogy nade avai | abl e
t hrough t he enhanced syspl ex envi ronnent .
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DB2 Per f or mance Monitor (PM for MVS.DB2 PMprovides ful |l perfor-

nance noni tori ng and probl emdet ermnat i on support for al | functions for
DR for WS Wthit, you can neasure an appl i cati on’ s perfor nance and
resource utilization, eval uateanapplicati on' sinpact onather applicati ons
and on t he system det er mmne DB subsyst emper f or nance and ef fi ci ency,
deternmine tuni ng requi renent s for OB2; di agnose t he cause of perf or nance
probl ens and provi de suggesti ons for resol ution, and prevent perfornance
probl ens by optinnzing DR appl i cations. 1t al soprovidesinteracti vereport
generation, background reporting, and on-line exception processing. Wth
B2 AVlyou can cust omize report s t o neet busi ness requi renent s and con-
trd thevd une and content of accountingandstatisticsreports.

Structured Query Language/ Data Syst em (SQL/ DS) SQL/ DS provi des a

dat abase appl i cati on enabl er for § 390 conput er s and a nechani smt o bui | d
adnanegeard ationd databese. It isthestraegcre ationd detabese prod
uct for the VSE and Wioper at i ng syst emenvi ronnents. SQ/DSby itsel f
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facilitatesthe devel opnent of customapplication prograns that access the
i nfornationvia3ructured Qiery Language (SQ) as does OR2. S} state-
nent s can be enoedded i n cust omappl i cati on prograns or i ssued directly by
userswththe hel pof prewitten application prograns such as the Qiery
Managenent Facility (QVF) and Application System(AS). SQ/ D51 s used
w t h t he Wand VSE oper at i ng syst ens.

\ersion 3, Release 5 of fers i nproved conti nuous operati ons and di s-
tribut ed dat abase sol utions consistent wth I BVIS i nfornati on war ehouse
strategy. Several newandinproved functions areincludedinthis rel ease.
Partia database recovery al | ows recovery of aportionof the databaseto
nmini nze the anount of tinethedatais unavai | abl e duri ng recovery proce-
dures. Faster on-linearchivinginproves the perfornance of the existing
SV Bonlinearchivingcapah lity. GCSdatabaseswtchingfecilitatesd s-
tributed conputingand el imnates the needto stop andrestart the resource
adapter vhile accessing mul tipl e applicationservers. It extends the
ability toswtch be tween databasesto VSEoperating systemusers who
useorrlineapplicationswthaGs

Hi er ar chi cal Dat abase Enabl ers

I BMIs hi erarchi cal dat abase nanager t echnol ogy provi des support for busi -
nesscritical olineoperationa applicati onsweresupport for highavail -
ability, highperfornance, and highcapacity wth|owcost per transaction
are key factors. | M5B whi ch can be accessed fromt he | My ESA Tr ansac-
tion Minager and A CS provides this support through ful l -functi on dat a-
bases. These al | owconpl ex datarel ati onshi ps and predefi ned structuresto
be hand edwth efficient 1/Ooperations. |MsDBal so supports fast-path
dat abases that offer nore effi ci ent access to dataand hi gher perf or nance.

I nformati on Managenent System Enterprise System Architecture
(IMESA. IMEAiIsadfferent type of database appl i cati onenabl er that
i s used on § 390 conput er s runni ng t he M/S oper ati ng system Wer eas
B enabl ers are used for rel ati onal dat abases, | My ESA provi des a necha-
nismto bui | dand nanage a  hi erarchi cal dat abase i n whi ch pi eces of infor-
nationarestoredinaninvertedtreestructurewth predefinedre ati onshi ps
to each ot her. These predefined rel ationshi ps i nprove t he perf or nance
of databasetransactionsat thecost of reducedflexibility, conparedtothe
tabu ar structuredf ard ationd dat abase.

IME ESAfacilitates the devel opnent of cust omappl i cation prograns
that accesstheinformationvia Data Language/1 (DL/1)DOJ/1isusedto
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search, nodify, create, anddel eteinfornationinadatabase. L/ 1state
nent s are enbedded i n cust omappl i cation prograns. I n Version 5 of
IMY BESA O/1callsallowautonat ed operator prograns toissue conmands,
i nprovi ng producti vity.

\ersion5of MY ESA nade avai | abl e i nthe second quarter of 1995,
i ncl udes enhancenents to t he two exi sti ng conponents of | Mg Dat abase
Manager and Transact i on Manager, and adds a t hi rd conponent , Renot e
S te Recovery (RSR This version al so t akes advant age of (penkEdi ti on MS
support and obj ect - ori ent ed t echnol ogy support. | MY ESAVersion 5 al so
operates inaWvirtual nachi ne under control of M/A SP Version 4,
Release 2. Inthisenvironnent, it isintendedfor programdevel opnent and
testing Restrictionsapplytothiscapability. IBVhas stateditsintent to
enhance INBESA enddingit tofurther participsteinanS 30 pard I d trans-
actionenvironnent and gai ni ng benefits of workl cad bal ancing, availability,
adscd dility.

| MS/ ESA Dat abase Manager (I MS/ ESA DB) .| M5/ ESA DB provi des per -
fornance, integrity, capacity, andavailability for the | Mbdat abase used by

the I M6 Transact i on Minager and A C§ ESAusers. Through use of the I MB
Resour ce Lock Manager (I RLMind the paral |l el syspl ex (har dware and soft -
vare), | M5B provi des Nvay dat a shari ng. Fast - pat h per f or nance i nprove-

nent s i ncl ude: support for nore than 4, 000 M/S unit control bl ocks (UBs)
all owng support for agreater nunier of devi ces; support for the MS ESA

Wor kl oad Manager enabl i ng nore efficient control of the workl cad mx;

and other features. Ang or concernfor nany busi nesses as t hey approach
thetvwenty-first centuryiswhether their applicationswll beinpact ed by

dat es beyond 1999 (referred to as “year 2000° support). This version of 1 N6
Beab estestingfor thisprodlem  andfor correctingapplicationsthat are

i npact ed. Bnabl enent of dates be yond199wl| bedeliveredlater.

| M5/ ESA Transacti on Manager (1 MS/ ESA TV .Thi's opti on provi des trans-
actionprocessingfecilitiessinlar tothosedf GCSdi scussedearlierinthis
chapter. Aternatively, | M5 ESAdat abases canbe usedwth @ CSasthetrans-
acti on nanager. Through M/ ESA s uenkdition, current data and | ogi ¢
aenadeavailabletoclientsonavariety of network types by usingasing e
set of standardinterfaces. Qpenkdition M/SDCE and t he QpenEdi ti on
M/S DCE Appl i cati on Server/1 N5 provi de appl i cation access to | M5 TM
host appl i cati ons fromworkst ati ons and LANs.

Wth the Qpen Transaction Manager Access (OTMAX o be del i vered
later, avariety of host-based conmoni cati on servers canbe usedacrossthe r
platforng inconjunctionwtheachother. Frograns wittentoconformto
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PCH X 1 standards are ported easily to and fromMWS ESAand | M5 TM
| M6 TMpr ovi des nany functi ons, i ncl udi ng

- Enabling support for Advanced Programto- Program Conmnuni ca-

tions (APPOwW th applications on a progranmabl e wor kst ati on and
ot her products that support APPQ M/S

- Managi ng and securing the I M5 TMt erminal net wor k

» Routing nessages fromtermnal toterminal, fromapplicationto
application, and between application prograns and termnal s

» Queuei ng i nput and out put nessages

+ Rovidingnessageintegrity

Schedul i ng appl i cat i on progr ans.

| M5/ ESA Renpt e Site Recovery (1 Ms/ ESA RSR) .| M/ ESA RSR f eat ur es

recovery |l evel tracki ng (R.T) or database | evel tracking (OLT) for renote
loggingwthfull database shadow ng. Both enabl e renot e recovery for | M6
CBand IMSTM S ngle points of failure, which can disrupt end-user
service, areelimnated. Changes toanactive | Mssystems resources are
trackedat aremote site. | M6 RRenabl es cust oners to resune operati on
fromtherenotesiteinthe event of an extended out age. RRprovi des for
renote takeover wthmninal tonodataloss. Inthe event atakeover is
required, inagecopiesarerestoredand pard | €l recoveryrapidy updates a |

repli cat ed dat abases to currency. Renote sites wthi n ESDONdi st ance can
use channel -to-channel facilities; |onger distancesrequire use of wde area
net wor ks.

Par al | el Dat abase Enabl ers

BothCBR2 for MSand INS[Bare architected to support parall el process-
ingfor transactions, queries, andfor utilities. INGOBdA soperforns pard | e
I/ Oprocessi ng. Qher speci alizedinpl enentations of | BMdat abase pr od-
ucts providepard | € support.

| BM Syst end 390 Paral | el Query Server.Though no | onger narket ed by

BV this dedi cat ed query processi ng systemprovi ded opti nhzed support for
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the processi ng of | arge-scal e deci si on support appl i cati ons t hrough speci d -
i zedpara | el processi ng har dware and software to i nprove the response ti ne
of dynamic SQ queriesthat canscanverylargerel ationa databases. The
Paral lel Query Srver vastotal |y custonmized at del i very. Hardwar e and soft -
vare were preconfigured at | BM's nanuf act uri ng site and del i vered t o your
busi ness as ordered. |1 ncl uded wth the syst emvas softvare for on-li ne per-
for nance noni t ori ng and aut onat ed operati ons facilities.

| BM Syst emd 390 Paral | el Transacti on Server.As di scussed i n Chapter 3,
thisisacustomzed of fering consi stingof hardvare, softvare, and servi ces.

It provides acontinua |y avai | abl e envi ronnent for transacti on processi ng,
wthsca eabl e paral | €l nicroprocessors. It supports an MSoperati ng envi -
ronnent wth INSBand/ or OB for MSusingthe paral | el syspl ex archi -
tectureto provi de hi gh-perf or nance dat a shari ng across the processars. @GS

or IMBTMi s used as the transacti on nanager for distributingtransacti ons
anong t he vari ous processors, providi ng dynam c wor kl oad bal anci ng.

Devel opi ng Usabl e Business Information

The ul ti nat e busi ness goal of transacti onand dat abase enablingisthecre
ationandcapture of dataanditstransfornati oninto usabl e busi ness infor-
nat i on. Recent technol ogi es, both software and har dvare, have nade thi s
practical andincreasingyinportant i nga ningand nai ntai ni ng conpetitive
advantage. | BVIs dat abase st rat egy i ncor por at es t hese newt echnol ogi es.

I nf ormat i on War ehouse Sol uti on

As a busi ness evol ves and grows over tine, nany different dat abases are
typi cal |y devel oped and nai nt ai ned on t he busi ness’ s conput er syst ens.
Ufortunately, eachdatabaseis oftenlintedinstructure, fornat, andflex-
ibility. For exanpl e, apersonnel programnay bui | d a dat abase of enpl oyee
infornationthat can be accessed only by aparti cul ar appli cation program
duetothedatafornat used. Adatabase night be devel oped onauser’ s omn
PS 2 conput er and not be easi | y accessi bl etothe ot her users who nay even
tuallyneedit. Toaddressthe needtoinprove the access toinfornati on by
those i n t he busi ness who need it, | BMdevel oped t he I nf or mat i on \War e-
house Sol uti on(depi ctedin F gure 5. 10).

Thi s sol utionprovides capabilitiesfor buildinga dat a war ehousess a
neans of enhanci ng busi ness deci si on naki ng. Tradi tional busi ness appl i ca-
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Figure 5.10. The Infornati on Vrehouse Sol uti on.

tions (operational applicationsaccess snal | anounts of data whil e process-
ingtransactionsfor order entry, point-of-sa e, payrd |, andather busi ness
functions. These appli cati ons create and use datathat change frequent|y and

that rerdaedtoaparticu a application Adatavarehouseincl udesastare

of datathat isoptinzedfor applications (caled i nfornational applicatiohs
that support anal ytical processi ng and deci si on naki ng. Appl i cati ons such
asqueryandreporting, point-intinedataand ysis, trendand ysi s, anddata

nmini ng use thi s data as a neans of di scovering newinfornati onuseful toa

busi ness.

Because operational applications andinfornational applications and
their dataarefundanenta |y different, nast busi nesseswll evd vetwodif-
ferent environnents, each opti mzedto support onetype of application. The
origina datasourcefor bathtypes of applications, hovever, isthesane. It
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nay beinternal tothe business or be extracted fromexternal sources. In
either case, befarethedataareusefu totheinfornati ond applications, they
requiretransfornationtoad fferent fornat and cl eaningto renove dat a
useful onlyinoperationa environnents. The variety of datatypes usedin
bat happl i cati ons i ncl ude

* Real-tine datahat istypically usedonly by operational applica
tions. Thiscontains detaileddatareflectingonlythe nest current
level of activity. It nayexist innultipelocationsthroughout the
busi ness w t hout synchroni zat i on.

» Reconcil ed datacontains detail records fromthereal -tinelevel but
has been cl eaned, adj usted, or enhanced sothat t he dat a can be used
ininfornationa applications. Al inconsi stenci es have been recon
dled

» Derived dat ageneral | y appears as sunmari es of reconcil ed dat a.
These sunmar i es can be i nthe formof averages or aggregates from
nol tiplesources of red -tinear reconcileddeta It isnareusefu for
infornational goplicationsinthet it i nproves processing effici ency.

» Changed dat ahas evol ved over tine. Thisdataistine-stanpedto
recor d vhen t he change was nade. Achanged-data store contai ns a
record of the changes (adds, del etes, updates), endd ingany leve of
port-intineand ysis.

« Metadatais descriptiveinfornationabout other data el enents or
datatypes. It isinportant as users attenpt to access data and
devel optheir owninfornationapplications. They need t o under -
stand what data exi sts for themto access, exactly what that data
represents, howcurrent it is, and soon. Mt adat a provi des t hese
answer s, usual |y through datadictionaries, database catal ogs, pro-
grans, andcopy libraries.

The I nf ornat i on Ver ehouse Sol uti on enconpasses an architecture, a
set of products for buil di ngand nai ntai ni ng t he war ehouse, and consul ti ng
services. Thearchitecture consists of threelayers. A thebottom the Enter-
prise Datalayercontainstheactual, uneditedinfornation (thet is, rawdata).
This infornation can belocatedinacentral § 390 conputer, in nany
renote (distributed) S 390 conputer systens, or i ndifferent types of com



256

EXPLORI NG IBM S NEW AGE MAlI NFRAMES

puters (for exanpl e, AS 400 conputers, PS 2 conputers, or non- | Bvicom
puters). The key point about the Bterprise Catal ayer isthat theinforna
tion can be | ocat ed anywhere (any | ocation or any conputer system inthe
atepise

The next | ayer of the I nfornati on Vérehouse Sol utionis the Dat a
Celivery layer This | ayer provi des a nechani smfor novi ng i nf ornation
w thinthe I nf ornati on Vdrehouse Sol uti on. This | ayer ensures that any
authori zed users, nonatter werethey are physical |y | ocat ed or what type
of conput er systemthey use, have accesstotheinfornationinthe Bnter-
prisedtal ayer.

Thetoplayer of the I nfornation Vdrehouse Sol utionisthe Dat abase
Application Programlayer This | ayer i s the hone of application prograns
designedtoact upontheinfornationstoredinthe Eterprise Datal ayer.
Theprograns i nthi s | ayer can sunmari ze, fornat, graph, change, and ot her-
wse nani pulatetheinfornati onintoaformnore useful tothose actingon
it. Decision supportapplicationprograns, theclass of database application
prograns desi gned to present executiveswthinfornationtoaidintheir
deci si on-naki ng process, areincludedinthis|ayer. The Query Minagenent
Facility (QMP) and Application System (AS, discussed earlier, are exanpl es
of prograns i nthe Dat abase Appl i cati on Programl ayer of the Infornation
Vér ehouse Sol uti on. The | BMAppl i cati on System provi des a cl i ent/ server
architecture and aw de range of deci si on support tool s for the MSand W
operati ng systemenvi ronnents. AS offersaccesstonany dif ferent data
sources . | BMQuery Managenent Faci lity provi des query, re porting, and
graphi cs functionsinthe MS W and A CSenvi ronnent s.

Based on t he anount of resour ce a busi ness chooses toinvest inadata
varehouse or the extent of the busi ness usi ng t he dat a var ehouse, di fferent
inplenentationalternati ves are available. A st andal one dat anar tenabl es a
departnent or workgroup toinpl enent its own dat a war ehouse (dat anart)
wthnninal inpact tothel Sorgani zation. Datato popul atethis dat anart
cones prinarily fromsources external tothel Sorgani zation. A dependent
datanmartissimlar but i ncl udes connectivity to data sources nanaged by the
ISorgani zation. A gl obal warehousesuggests that the | Sorgani zati on owns
prinary responsi bility for providinganarchitecturethat supports the busi-
ness enterprise. Regard ess of theinpl enentati on chosen, | BVioffers avari -
ety of tod s and products for bui | di ng and nai ntai ni ng your dat a var ehouse.
Thefd lownglist describes sone of the products useful ina Systeni30 data
war ehouse envi ronnent .

» DataQuideis IBMsinfornmation catal og, designedto provi de one
placefor enduserstol ook for dataandinfornationavailableto
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them wthdescriptionsinbusinessterns. It nanages data el enents

and i nf ornati on obj ects, whi ch can be any groupi ng of busi ness
informationthat i s needed (for exanpl e, charts, spreadsheets,
report definitions, i nages, and queries). Dat aQui de al so has the
capabilitytoinitiaetheexecutionof aninfornati onal application

or decisionsupport tool that wll usethe datae enent or i nforna
tionobject. Because DataQiide canextract datafromnany differ-
ent sources, includngQacle, Sybase, Lotus, VidrdRerfect, and nany
others, it canserveas arepository for end-user netadatafor the
atepise

Mvi ng data i nto (popul ati ng) the dat awarehouse requi res a pro-
cess called data stagi ng Catastagi ng capt ures changes to datafrom
t he sour ce dat abase and st ores t hemi n dat a st agi ng t abl es for
propagationtothe target data warehouse, either on a sched-
ul e or on de nand. Data stagi ng enabl es capt uri ng dat a f romnor e
than one sour ce, cl eaning, transforning, and enhancingit while
novingit intoor out of thestagingtabl es, andthen propagatingit
tothespecifiedtarget. It a soenab es conpl ete changed-det a hi sto-

ri es to be saved and nanaged.

Dat a Propagat or Rel ati onalprovi des dat a where, when, and how
(correctlytransforned) it isneeded It providesrepicationsupport

bet ween the | BMOR2 fami | y of dat abases. Updat e propagat i on and
ful'l refresh propagati onis provi ded between OB for MS DR
for 82, B2 for C5 400, and CB2 for Al X 6000.

Dat aPr opagat or NonRel at i onaprovi des t he sane capability for
propagatingdata(inether directionor inbathdirecti ons) betveen
IMsand DB for M/S operati ng systemenvi ronnents. |ts synchro-
nous copyi ng capabi | ity coul d hel p you execute planstomgrate
appl i cations froml M5to CB. Wt h synchronous copyi ng, whet her
from MNSto DB, CBR2to I M5 or bothways, changes are applied
i nmedi at el y, ensuring fully synchroni zed copi es bet ween | M5 and
CB2. This supports i npl enent i ng newbusi ness deci si on suppor t
applicationsthat userel ationa techno ogy wthout af fecting any
exi sting | Mb B prograns. Using t he two-way propagat i on capa-
bility, youcansupport two naster copi es of the sane data, onein
INband oneinCB. FRuUll synchroni zational | ows for coexi st ence of
INBand CR2 appl i cations or for anincrenental, control led mgra-
tionfroml Msto CB2. Both dat abase i nages nust be on t he sane
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M/S oper at i ng syst emi nage and nust be used w t h I M5 Tr ansac-

ti on Minager.

» DataRefresherprovides full refreshcopying fromavariety of MS
datasources (INg VAV DB, asflat files, for exanpl€) totargets
in S W VSE AS 400, Al X 6000, and C5 2, includingthe
Dot aRropagat or Rel ational staging area. It perforns conpl ex re-
freshprocessing of detafromseveral sources, drectingit toseverd
targets. DataRSfresher initialy synchroni zes | Msand DR dat abases
for later updat e propagati on usi ng Dat aPr opagat or NonRel ati onal ,
andit canfeedlegacy datato Dt aRropagat or Relationa for further
propagati on. You can usethis product torefreshyour target data
besedaily. Oceanextract ishuilt, it issavedonyour vorkstation
and can be sent tothe host for processing at any ti ne.

- DataJoi ner accesses and j oi hs dat a f romsour ces such as Sybase,
Qacle, M5 VSAM any DB2 fam |y product, or any CDBC
X Qpen—conpl i ant data source. It i s designedto enabl e transpar-
ent, consistent, sing e-command access to het er ogeneous null ti vendor
datasources. It jonsdatafromd sparat e dat abeses throughasing e
L statenmt andasing einterface. It supports d stributed queries
likemitisitejonsacrossal 1Bvrd ati onal dat abases and key com
petiti ve dat aoeses.

« Flowvark for MS ESAranages and aut onat es t he dat a war ehouse
environnent. 1t i s aworkfl ownanagenent product desi gnedto hel p
cht dbase adni strat ors defi ne, test, execute, and nanage ol ti st epped
tasks. It ensb esthe definiti onof aprocess once andthen naneges the
execuiond theprocessat regu ar interva s. Homdrk i s conposed of
two features: The Application Integration Feature (A Enabl es MS
toparticipateinenterpri se-wdeworkfl owthroughintegrati onwth
H owvark for G52 and H owhark for AL X The Vor kf | ow Ser ver
Feat ure (V8P provi des H ovMrk run-tine server functi ons on MS

Al Fprovi des an envi ronnent for creati ng and executi ng speci

AGCSprograns cal led scripts, whichcanbewitteninCor B
andcaninclude QCGSAHs. Thesedefinethe decisionlogicfor pro-
cessi hg a sequence of transactions that autonate a set of M/Sac-
tivities. Sripts use MXEeries nessagi ng to i nvoke transacti ons,
appl i cations, Howrk process nodel s, or other scripts, whichcan
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beonthesane or different processors. Thisfacility nakesit easier
and nore efficient toinclude MSapplications and data as acti vi -
tiesinHowMrk process. It al so enabl es appli cati ons runni ng on
the MSoperating systemtoinitiate H owlrk processes.

The W& (whi ch | BVihas stated anintent to provi de) provi des
HowMrk run-tine server functions on MS These functi ons w |
execute H owMark process nodel s on M/S, st ore process nodel s
andstaff definitions;, provided rectory servicesfor organi zati ons,
skills, roles, andrel ationships; support AX 52 Wndows, and
MSclients; interoperatewththe AF, andinteroperatewth ot her
H owMr k product s.

« The Data lnterpretati on System(D $)s an obj ect-oriented tool set
that enabl es end users to access, anal yze, and present infornation
wthlittletechn ca assistance. Basily understoodgraphicshelpin
adyzinginfornation It usessinpl eiconstoaccess, corre ate, and
nani pul at e i nfornation froma vari ety of sources. Using a LAN
besed client/server architecture, it enabl es access to | BMand non
IBMIrel ational databases as wel | as host applications, including
those using DB2 for M/Sand DB2 for W D Sal soincludes a
deskt op nanagenent tod set tohel pwthfiling, storage printing,
nailing, text editing, andscreencapturetasks.

Data M ning

Anewdi nensi on of deci si on support systens i s added t hrough t he use of
dat a mi ni ngt 0 di scover in| arge dat abases associ ati ons and sequenti al peat -
ternsthat reveal unforeseenpetterns of behavi or. H ndi ngthese hi dden pat -
terns canrepresent aconpetitive opportunity for your busi ness. i ng uni que
data-drivenal gorithns, thistechno ogy nakes no assunptions asto arntici-
patedresul ts, as opposedto ot her technol ogies that creat e hypot heses and
seek datatoverify them | Bvihas defi ned f our newcl asses of data nini ng

techniques that arestill under devel opnent and based on pat ent - pendi ng
technd ogy:

» The Association Detection Al gorithneveal s all associ ati ons
(af finities) thet oneset of itensinatransacti oninpliesabout o her
itensinthat transacti on. For exanpl e, afood chai n nay di scover
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that asignificant portionof its custonerswo buy sal nonanddill
dsobuywldrice Thisinsight mght alowthechaintobetter fore
cast sales of eachitem or tocreate athene for nerchand sing the
itens, or tooffer aunique pronati onfeaturingthoseitens.

» Sequential patternsnvol ves anal yzi ng pur chases or events occur -
ringinasequencetodetect frequert!ly occurringpetterns. Aretailer,
for exanpl e, mght findthat custoners who purchase sheets and
pi |l oncases fol | owed by a confiorter tend to purchase drapes 70
percent of thetine. Thisinsight mght leadtoredefiningthestore
| ayout or targeting apronotionfor drapes at custoners who have
pur chased sheets and pi | | oncases inthe | ast 2 nont hs.

« Qassifiersarefuncti ons usedto exanmne aset of records to produce
descriptions of the characteristics of eachrecordandtosort them
by cl asses, whi ch are predet ermned and associ at ed wth each record.
The entodi nent of theclass descriptionsiscaledanodd . Gassifi-
cationnodel s includelinear regressi on nodel s, deci si ontree nod-
e's, rul es-based nodel s, andneural network nodel s. Gassifiersare
suitedtocredit cardana ysi s, were each cust oner record contai ns
a nunioer of descriptors. For custoners whose credit historyis
known, each record can be cl assified (tagged) wth good, nedi um
or poor, reflectingthedegreeof credit risk. Aclassifier canthen
exanne t he tagged records and produce an expli cit descri pti on of
each of thethreeclasses (for exanpl e, good credit ri sks are between
the ages of 45 and 55, have i ncones i n excess of $35,000, and | i ve
i N XYZ nei ghbor hood) .

« (Qusteringuses aset of records wth noclasses (tags) associ at ed.
Theclasses aregenerated by thecl usteringtod . This processi s use-
fu innarket segnentati onanal ysis, d scoveringaffinity groups, or
oefet adysis.

Dat a nmini ng conpri ses three di stinct phases or steps: dat a pr epar a-
tion, nining operationsand presentation Infornation discoveryis apro
cessthet iteratesthroughthesethree pheses. Thefirst phese, detapreparati on,
consistsof dataintegrationfo loved by datasel ectionandpreard ysis. Data
inegaionreferstonerg ngdatathat typicalyresidesinmitipefilesor
dat abases inanoperational ervironnent. Activitiesrequiredherearesin-
lar tothoserequiredin building adatawarehouse. Data sel ectionand
preanal ysi s creat e subsets of the data, whichinprovesthequality of the
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datanining operationand avoi ds limtations that nay exi st i ndatanning
tod s. The nini ng operationtakes pl ace as datainthe warehouse i s accessed
through astandard SQ interface. Theresults of the mni ng operationare
thenpresentedthroughafront-endtod, suchas DS describedearlier.

| BM's dat a nini ng t echndl ogy uses DR dat abases as wel | asflat files
contai ning data extracted fromrel ati onal dat abases or generated from
operational systens. Agraphical user interface (GJ) enadl es you to brovnse
throughtheresults or to conparethemwth previ ous results. Definingand
extractingadat aset enabl esyoutomned fferent partsof thedataset or the
sane set several tineswthout redefiningit. 1BVihas statedanintent to
deliver thisproduct for MSoperating systemenvironnents at al ater date.

Speci al - Purpose Application Enablers

The transacti on processi ng and dat abase appl i cati on enal ers di scussed are
general intheir usage. Qher applicationenabl ers extendthe operating
systems AH toneet very speci fi c needs. | ncl uded anong t hese are:

ImagePlus InageH us, introduced earlier, isafamly of docunent nan-
agenent products de signedtol et users work wth onscreen i nages of docu
nents asif they were paper. | nageH us MG ESAi s i ntended for hi gh-vol une
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transactionenvironnents. InageHus  Misual Info thelatest additiontothe

InageH us fannly, offersaclient/server approach to docunent and vor kf | ow
nanagenent . Wt h | nageF us, paper docunents, photos, or draw ngs are
scanned or captured as el ectroni c i nages, organizedintofol ders, linkedto
busi ness appl i cati ons, rout ed t hrough t he work process, and presentedto
users. Vird processi ng, spreadsheets, and graphics, as vel | as audi o and vi deo,
al so can be grouped t o f or ma conpr ehensi ve f ol der.

Aplicationenablers are avail abletonake it easier for programers
tointegrateinage t echnol ogy i nto appl i cati on prograns. | nages can be
thought of as el ectroni c snapshats of papers, photos, receipts, or other docu-
nents. These el ectroni c snapshots are stored alongw th nore traditi onal
data (custoner nanes, dates, or prices, for exanpl €) using | arge-capacity
optical storage devices. Hwingdataandinages inmedi ately availableina
conpuier systenfacilitatesthelog sticso loggng, filing, locating, and nov-
inglargequantities of docunents. The | nageH us Fol der Application Fecil -
ity MS ESA(5695-041), describedearlier inthischapter, isanexanpl e of
an appl i cati on programt hat uses the | nageH us appl i cati on enabl er. An-
ot her exanpl e i s the VW ESA product cal | ed MBA C
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I magePl us 200G s | BVIs strat egy for eval vi ng beyond i nage pr ocess-
ing MsudInfo, thefirst product of thisstrategy, i sanadvancedd ient/server
docunent nanagenent systemthat i ncorporat es hostli ke features for work-
stations. It incorporates | nageH us products; conpl enent ary product s for
docunent capture, fax nanagenent, and workflowcontrol services; and
| BVIBusi ness Partner offerings. It supports both MS ESAand G5 2 serv-
ersand B 2client workstati ons.

CallPath Based on IBMs CallPath Services ArchitectureCall Path
ACY MSand Gl | Path A CI VEenabl e you to i ntegrat e t el ephone t ech-

nol ogy wth t he power of Systemi390 t echnol ogy. These sof t war e product s
enabl e busi ness sdl uwtionsintheareas of tel enarketing, tel eservicing, hel p
desks, account s receivabl e, cd | ecti ongperations, nessage centers, and nare.

Gl | Pt h-based appl i cati on prograns streanhi ne activity inenvironnent s thet

i nvol ve conput er-resi dent i nfornat i on and heavy t el ephone activity. Func-
tions suchas send ngfaxes or autonatica |y transferringascreenof inforna:
tionwhenyoutransfer acall canbe built intoyour customapplication
prograns. Featuresincl udethefad | owng:

 ordinatedvoi ceanddatatransfer enabl esthetransfer of on-line
infornationat the saneti ne you transfer acustoner call.

+ (nsultationall ows youtosendacopy of theinfornationto asec-
ondparty vhileyouarecal | ing.

« Intelligent diaingalows autonating nany of the functions neces-
sary for outbound cal | i ng.

» Mnagenent i nfornation reporting produces reports using cal | -
processi ngevents cd | ectedfromeal | s.

Gl Path @ CSprovides an appl i cation programi nterface (AR) that
permtsintegrati ng functions andinfornati onfromavariety of tel ephone
systens. Becaseit isapart of IBVIsoverd | voice/datastrategy, it isusade
inconjunctionwthather G| Rath product s and nany exi sting appli cati ons.

Visual Lift for WS, VSE, and WM M sual Lift provides to your workst a-
tionusersthesanefacilitiesfor running 3270 appl i cati ons that nake per-
sonal conputer appli cations easy touse. Thisincl udes point and click, push
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andspindias, diaogboxes, and ot her functions. Wthout reprogranmng
the host appl i cation, a nonprogranmabl e 3270 screentransforns into a
“workstation” (see Hgure5.11). Thisfunctionprovidesthe abilityto nask
i nconsi st enci es anong host appl i cati ons, reduce network traffi c and con-
sunpt i on of host processor cycl es, and provi de extensi ve function at the
vorkstati on.
The wor kst ati on conponent of M sual Lift, the Runt i me Envi r onnent

(RTB), isnoved fromthe host tothe P2 or equival ent workstati on runni ng
G5 2 or Vindows. RTEi ntercepts and reads t he 3270 dat a stream | ocat es
the correspondi ngworkstationpanel, anddisplaysit. The host application
sends and recei ves nornal 3270 dat a streans whi | e M sual Li ft transforns
thedataat thewvorkstation.

et
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Figure 5.11. IBWMsual Lift provi des avorkstationlikeinterface on 3270 di spl ays.
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The Application Devel opnent Environnment (ADBf M sual Lift runs
onCF2andisdesignedtoeasilyinpl enent Msual Lift functionstofront-
end host appl i cati ons.

Qher speci a -purpose appl i cati on enabl ers share the goal of i nprov-
i ng producti vity and consi stency i nthe appl i cati on programdevel opnent
activities of software pudl i shing conpani es or internal progranming staffs.

Operating System Alternatives

Systent 390 conput ers are used wth avari ety of operating systens, each
creatingadifferent applicationexecution envi ronnentwthits own set of
advant ages and di sadvant ages. These environnents vary prinarily inthe
interfaces (applicati onprograminterfaces or AR s) betweenthe appli cati on
and the operating systens. They alsodiffer inhowcentra storageis used
adthevirtuad stoagestructureiscreated, aswel | as aher characteristics.
The best envi ronnent for your busi ness choi ce depends on consi derati ons
such as conpati bi litywthapplicationprograns, the workl oad characteri s-
tics, andthe nunber and type of users.

| BMIs | ar ge- syst emoper at i ng syst ens cover aw de vari ety of ervi ron
nents. Quer the years, the operating systens have evol ved t hrough sever al
generati ons (Systent360, Systemt 370, and Syst ent390) and have i ncl uded
nitipearchtectures. Grerd |y, asarchitectures and goerati ng systens have
eval ved, they have nai ntai ned conpatibilitywthearlier versionsandwth
applicatioswittentowork wththoseversions. Togainthe full advantage
of thesystens usingthelatest architecture, that is, the EA 3Darchtec
ture, newversions of the operating systemare required. Throughthe Sys-
tem 370 conpati bil ity nedes of S 390 processors, however, operating systens
designedfor usewththe earlier Systeni370 famly of conputers can be
used di rect|y on § 390 processors.

Thi s section provi des an historical overviewof the nost conmonl y
used operati ng systemal ternatives. It discussestheevd utiontothe current
EA 30 architecturelevel of

- TheMiltiple MMirtual Storage/ Enterprise SystemArchitecture
(MWS/ ESA)

« M/ ESAiIn an pen Syst ens Envi ronnent (QpenEditi on M/S)

« TheMrtua Mchi ne/ Enterprise SystemA chitecture (VMEA
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« TheMrtud Sorage Etended BEterprise SistemAchitecture (VEEA

The section closes wth abrief reviewof sone ot her operating system
d terdtives.

MVS/ ESA

Terns such as “industrial strength’ and “busi ness-critical” arejust now
becom ng appl i cabl e t o UN X based oper ati ng systens. They have been
appliedtotheMitipleMrtual Sorage (MS ) operating systemfor several
decades. “Bull etproof” is another termthat has been appliedto MS whi ch
cannot be appliedtothe others. Infact, MShas beconet he defactostan
dard by whi chother industrial -strength operating systens neasurethei r use-
ful ness as busi ness sd uti ons. Thefd lowng sections of thischapter wil help
you understand why thisis so.

MS EA thecurrent level of MS isastrateg c operating systemfor
| BVIs Syst ent 390 conput er s rangi ng fromnmd-si ze tothe | argest possi bl e
configurations. It providesthe nost conprehensi ve, reliabl e, and powerful
envi ronnent avai l abl einan S390 conputer. Aquick |l ook at the history of
M/S ESAhel ps to under stand the envi ronnent it creates wthinan S 390
conput er.

The Early Days

M/S/ ESA i s t he descendant of the Operating System 360 (OS/ 360)
famly introduced for | BMSyst end 360 conputers in 1964. Mil tiple
versions of (360 offereddifferent | evel s of function. The nost in ter-
esting version of G& 360 for our M/S ESA di scussi on was cal | ed
Operating Systenm/ Mul ti progranmm ng with Vari abl e Tasks (OS/ MVT)
Fi gure 5. 12 shows how C& M/T nanaged t he Syst enml 360 conputer’ s

st orage.

CH MIT supported mul ti programming and ran up to 15 appl i cati on
prograns at the sane tine. Al application prograns and G5 MTitsel f
shared what ever central storagewasinstalledinthe conputer system To
facilitatethis sharing, G5 WTdividedthe central storageintomitiple
partitions(upto 15).

Each programran i n one of these partitions. Wth CG8 M/T, the cen
trd storagesized | ocatedtoeachpartition(thet i s, eachapdicati onprogram
or task) coul d growor shrink autonatical |y accordingtothe needs of that



266 EXPLORING IBM S NEW AGE MAI NFRAMES

Hovwr e mcdus| Feandwmre
inselled in Spsent2E0

was of ganized by OS5 00T
l
| |
rrmllzd
Sormge® | perifon £15
(i e
Parddon ¥14
Parddon 2
Parddon ¥2
Parddon #1
O W T
] |=
Cariral Sorage

* Mlasirmun cendal Sorage veried based on the exparsion cepehiiies
ofthe partcular Sy m 50 processor unitmodal of infere st

Figure 5.12. G5 M/Tran upto 15 application prograns si mul t aneousl y.

particular partitionat any nonent. Thisiswerethe nane “Mil ti program

mng w th Vari abl e Tasks” i n & M/T cones from+n contrast to al ess

power ful cousi n of C& M/T, call ed OS/ Mul tiprogramming with a Fi xed
nunber of Tasks (QO8/ MFT) that coul d not dynamical |y resi ze the central
storaged |l ocatedtoajob.

Wththe advent of virtual storagein 1972, a newversionof C8 MT
called Qperating SystemiVirtual Storage 2 (08 VS2al so known as  Single
Virtual Storage (SVS) was introduced. H gure 5.13 shows how SVS nan-
aged the central storage of Systeni370 conput ers. The nost i nportant en-
hancenent i ntroduced wth SYSwas support for virtual storage. (Chapter
3describedvirtual storage as aprocess for transl ating storage addresses
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Figure 5.13. Wth S/Scane support for virtual storage.

that nakes a conput er systemseemt o have nore central storage thanit
actual |y does.) Bven though SVS coul d nanage upto 16 MBof central stor-
age, asshomninHgure 4.7, nost systens had | ess than 16 MBinstal | ed.

SVStook wat ever central storagevasinstalledand “stretchedit” to
appear tobe 16 MBinsizeusingthevirtua storagetechni que. The 16 MBof
virtual storagevesthend videdintoindependent partitions|ikethoseof the
G5 WT environnent. Thei |l usionof nore storage created by virtual stor-
age neant that nore and | arger appl i cation prograns coul d run si nul ta-
neousl y, naking for nore ef ficient use of the conputer systemand t hus
conpl eting nore work i nagiven periodof tine.
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Mul tiple Virtual Storage/ 370 (MWS/ 370)

The next evol utionary step after SYScane wth theintroduction of Ml -
tiple Virtual Storage/ 370 (MWS 370)announced i n 1973 and fi rst shi pped
in1974. F gure 5. 14 shows how WS 370 handl ed Syst eni 370 centr al
storage. Al though early versions of M/ 370 supported only upto 16 MB

of central storage (24 address bits), the Ext ended Real Addr essi ngnhance-
nent (26 address bits) wasintroducedinthelate 1970sto a | owMS 370
tosupport upto 64 MBof central storage (2  “ bytes =64 MB. Mrecentral
storage neant | ess paging activity between central storage and di sk st orage

and, thus, better overal | systemperfornance.

Asthenane “MiltipleMrtual Sorage” inplies, MS 370 “stretched’
theavailad ecentral storageintonol tiplevirtua address spaces. Then, each
applicationprogram(either batchor interactive) vas givenits ownvirtud
addr ess space, whi ch coul dbe upto 16 MBinsi ze. Thi s vast|y expanded t he
anount of avai | abl e st orage, as percei ved by appl i cati on prograns, froma
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singl e, shared 16-MBvirtual address space. Mrevirtua storage neant t hat

nore and | arger batch and i nteractive j obs coul d be handl ed by t he
M/ 370 operating system Further, the separat e address spaces provi ded a
layer of protectiveinsul ationbetweenthe applicationprograns or usersin
d fferent address spaces, hel pingtokeepthe activitiesinone address space

from nadvertentlyd sruptingtheactivitiesinthe o her address spaces. From
theseearliest days, it vas IBVIsintent toiso ate probl enstothe snal | est

possibleunit of the system(that is, tofencethemoff fromother user or

systemuni ts) and to keep t he renai nder of the systemoperati onal . Each
address space created by MSvas still linmtedto 16 MB however, in order

topreserve conpatibility wth application prograns devel oped for ear-
lier § 360 and Syst emi 370 oper at i ng syst emenvi r onnent s.

Theisd ationaffordedby putting each appli cation programi n a sepa-
rate address space has its advant ages, but it tends to hi nder the sharing of
conmon prograns and dat a needed by users wor ki ng i n separ at e addr ess
spaces. To address thi s need, M/S 370 provi ded a conmon area seen at the
topof virtual storageinH gure5.14. MG 370 s conmon ar ea provi ded a
place to put a copy of prograns (for exanpl e, TSOor | My and dat a t hat
coul d then be shared by al | aut hori zed addr ess spaces (that is, users and
application prograns). Further, the cormon area coul d be used as a “nai | -
box” to pass dat a fromone addr ess space t 0 anot her.

However, the common ar ea appr oach had sone weaknesses. For
exanpl e, evenif only two application prograns needed t o share or pass
data, that data hadto be novedintothe coomon area. Thus, the cormon
area woul d have t o growt o acconmodat e t hat data, and thi s woul d t ake
avay addi tiona privatevirtua storagefromal | ather users.

As the nul ti pl e addr ess space concept was expl oi ted nore and nor e,
t he conmon area grewst eadi | y t o accommodat e an i ncr easi ng nunier of
shar ed prograns and dat a areas, and encroached nore and nore on the
renai ning virtua address space desi gnated for privat e appl i cati on prograns.
Further, the conmon area approachtoshareinfornationvas rel atively sl ow
sinceit i nvd ved operating syst emservi ces (softvare) rather thananarchi -
tecturd featwe (hardnare).

To provi de a better way t o conmuni cat e bet ween addr ess spaces, the
Dual - Addr ess- Space Faci | i t,ynore commonl y known as the  Cross Menory
Facility was added tothe Systemi370 architecture. The G oss Menory Fa-
cilitywas inpl enented by addi ngto the Systeni370 architecture a set of
newprogranming i nstructi ons that al | owed an appl i cati on programi n one
virtual address spaceto access data or pass contro toanother application
programresi dinginanother virtual address space. This all oned for direct
sharing or passingdatabetweentwo applicationprograns resid ngind ffer-
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ent virtual address spaces. S nce the cross nenory approach di d not use
operating systemservi ces or theconmonareaof virtual storage, it vas nore
efficient anddidnot reguirethat the coomon areaencroachonprivatevir-
tual storage. Goss nenory circunvented the i sol ati on af f or ded by havi ng
separate virtual address spaces wthout jeopard zingthebuilt-inprotection
that keeps applicationprograns frominterferingwthoneanother. It ac-
conpl i shed this because t he newcross nenory programming i nstructi ons
coul d be ex ecuted only by appl i cation prograns specifical |y authori zedto
doso. In thisway, the cross nenory enhancenent to t he Systen 370
architecturea loned M5 370toretaintheisolationbenefits of having
applicationprograns runinseparate virtual address spaces and provi de for
nore effi ci ent dat a shari ng/ passi ng bet ween vi rtual address spaces. Mre-
over, it achievedthiswthout havingto usethe crowded conmon ar ea of
virtud staage

By the end of the 1970s, application programneeds had grown so
nuchthat the 16-MBlinmt for asingl evirtual address space had becone a
biglimtation. |Bvivas chal lengedtofindaway toincreasethe virtua
addr ess space si ze w thout | osi ng conpatibility wth existing MS 370
applicationprograns. The 16-MBvirtual address spaces wer e addr essed
using 24-bit virtual addresses (2 “bytes =16 M. Toexpandthesize of a
virtual address space, virtual address bits hadtobe addedtothe current
24-bit virtual address. Extravirtual address hitswereavailableinthe
Systent 370 architecture, but application progranmers had used t hese extra
bitsfor their own purposes. |If IBMstartedusingthe extravirtual address
bitstoexpand virtua storage beyond 16 MB nany of the applicati onpro-
grans that used those bits woul d have to be nodi fied; thus, conpatibility
w th exi sti ng MG 370 appl i cati on prograns woul d be adver sel y af f ect ed.
Toresol ve this probl em | BVidevel oped t he Syst eni 370 Ext ended Ar chi t ec-
ture (370-XA)and supportedit inanewversionof MY 370, called
Multiple Virtual Storage/ Extended Architecture (MWS XAnnounced in
1981 and del i vered i n 1983.

Mul tiple Virtual Storage/ Extended Architecture (MWS/ XA)

H gure 5. 15 shows how MY XA managed t he central storage of a Sys-
tent 370- XA conput er system A t hough t he Syst emd 370 Ext ended A chi t ec-
ture defined central storage of 2 gigabytes (@), inpl enentationin MY
XA supported only 256 MBfour tines the Gentral S orage naxi numof
64 MB supported by WS 370.
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Mre central storage typical |y neans | ess pagi ng bet ween di sk st or -
age and central storage, wi ch usual |y neans better overa | systemperfor-
nance. ntheright of thefigure, the naxi numvirtual address space
si ze was ex panded to 2 B-a 128-fol d i ncrease over WS 370! Thi s ex-
pansi on was acconpl i shed by usingthe extrabits inthe System 370 ar-
chitecturetoex pandthevirtua addressfrom24bitsto3lbits (2 “ytes =
2@). But what about conpatibilitywth24-bit MS 370 appl i cati on pro-
grans that usedthose extrahbits for thei r own purposes?
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To acconmodat e t hose appl i cati on prograns, 370- XA and M/S XA
support two nodes of operati on: 24-bit nmodeand 31-bit node That is,
24-bit MS 370 application prograns that usethe extra address bits for
thei r own purposes can run unchanged i n 24-bi t node. Appl i cation pro-
grans that donot usetheextrabits, or application prograns desi gned or
nodi fiedtorunin3l-bit node, canenj oy the benefits of avastly expanded
virtual address space. Infact, 24-hit application prograns and 31-bit
appl i cation prograns can run at the sane ti ne under MS XAinwhat is
cal | ed bi nodal operation WS XAand t he Syst ent 370- XA conput er s aut o-
nat i cal | y sense whi ch node i s needed as t hey process each appl i cation pro-
gam The24-bit node a | ons the data processing staff tomgrate operati ons
toMS XAandthentomgrate their application prograns to 31-bit node
a their om pace.

Returningto FH gure 5. 15, noticethat M/S XAresides at the bottom
of virtual storage. Abovethat isthe sane privateareaand comonareaasin
M/& 370. I nthe newvirtual storage area above 16 MB the comrmon areais
extended andthereisthe extended private area, wiichcreates norevirtud
storagefor each virtual address space. The sane G oss Mnary Feci ity |ink-
age i s used t o conmuni cat e bet ween addr ess spaces.

During the 1980s, the large virtual address spaces provi ded by
M/S/ XA al | oned nore and nore work to be | oaded i nt o a gi ven conput er
system The i ncreasi ng wor kl oad and t echnal ogi cal advances | ed to t he next
architectural enhancenent inthe MSworld, nanely, the Mil tiple Virtual
St or age/ Enterpri se Systens Architecture (MWS ESAnnounced and del i v-
eredin1983. M/ ESAwas designedto expl oit the newcapabilities of an
enhanced 370- XA architecture called the Enterprise System
Architecture/ 370 (ESA 370al so i ntroduced i n 1988.

Mul tiple Virtual Storage/ Enterprise Systens Architecture (MS/ ESA)

F gure 5. 16 shows t he envi ronnent creat ed by M/ ESA whi ch supports
upto2@of central storage and provi des better utilization of expanded
storage Expanded storage was i ntroduced i n 1985 on t he | BM3090 and

used by M/S XAprinarily for pagi ng space and Virtual 1/QMQ. Addi-
tional uses of expanded storage i ncl uded pagi ng, enhanced M Q added dat a
spaces, and H perspaces, plus servicesinclud ngtheMrtua Lookasi de Fecil -

ity (MF), Library Look Aside (LLA), Data lLookaside Facility (OLF), and

Dat a Wndow ng Servi ces (D). |1 n asense, expanded st or age augnent s
catrd staage



Systenl 390 Sof tware—€harting Courses to a New Wrld 273

Aol bear dhever e
remladin ESAMT 0o
ESAM280 procassor Rt

Wriud Forage snacure
Tasted by MUSESS,
1

Pates betamean vifusal
eddrers speaces ard
. datm pates A e
Tesied rough
2T 2B T oo S g iser
=) fpeer add. addressing
o)
Eetrted Croas b oy
Frivete | Fauln;.llr.tmge
Dren btz el
addr s speaces
i
: ¥
¥ £
W il Exterdad Commn on
[ n
E 'E Bras
! = EME ——————————1
Common
Pres
Privvate
P
i—
addr sz e |
WS Syrtem Ares primany
omE — ome - ; addrass
Hper spaces
i
d
teleimiom carrel sorage i limited © 27 = 2GR oME
Tedairnum virual address rarge pear address speace i= 2 5B, Expeard ad Storage

Meiraunn virual addrass range par dete space iz 2GR
Fbdrnun expanded soregs aimardy svalable on S0 spoens is 258
Brchiteciural virusl Sorege rangs par Hperspaoe is 16 TE; My SESS im plemeret on wmerdy soppors 4 TE

Figure 5.16. M/ ESAI ntroduced expanded st orage and dat a spaces to t he WS

envi ronnent .



274 EXPLORING IBM S NEW AGE MAI NFRAMES

Li ke centra storage, expandedstorageis nade of circuitry housedin
the processor unit. Athough expanded storagei s sl oner thancentral storage
(and | ess expensi ve), infornation storedin expanded st orage can be pro-
videdtocentra storage nuch nore quickly thancaninfornationstoredin
di sk st orage. Expanded st or age can be t hought of as a hi gh-speed st orage
areafor infornati onthat woul d ot herw se be storedindi sk storage—aki nd
of di sk cache. This hel psinprovethe overal | perfornance of a conput er
syst emby keepi ng as nuch dat a as possi bl e as hi ghinthe storage hi erarchy
as possi bl e-agoal of the ESA' 370 architecture. Together, central storage
and expanded storage are called  processor st or agd see Ghapter 3).

Noticethat MS ESAcreat es the sane 2-@vi rtual address spaces as
MS XA Hwever, thelast virtua address spaces showninthefigurearea
newtype, called data spaces introducedwth MSESA Adataspaceisan
areadf virtua storageranginginsizefrom4 KBto2 @that is byte addres-
sableby anapplication. Inadditiontothe 2 @of virtual storageinan
application' s own address space, applicationprograns storeandretrievein
fornationstoredinnany dat a spaces. Uhli ke nornal address spaces (nhow
called prinary address spacgs whi ch house acti ve appl i cation prograns and
data, data spaces house dataonly. That i s, you cannot | oad an application
programinto adataspace and start it running, but youcanloaddatainto
dat a spaces that can be accessed by appl i cati on prograngs) runni nginone or
nor e pri nary addr ess spaces.

Toaccess datainadataspace, thegpdicationprogramuses afacility,
cal |l ed access-register addressi ng ntroducedinthe BSA 370 architecture. Wth
access-reg ster addressi ng, the dynannc address transl at i on process descri bed
inGepter 3isnodfiedsothat theaccessregi ster rather thanthe basereg
ister isusedindoingthe conversionfromtherea tovirtual address. This
approach neans that an appl i cat i on programcan use t he st andard program
nmnginstructionstoact ondatainoneor nore data spaces wthout sacrifi c-
ingconpetibilitywthearlier godicaionprograns. As depictedinthefigure,
access-regi ster addressi ng provi des the connecti on between appl i cati on pro-
grans and dat a spaces. Toget her, dat a spaces and access-regi ster addr essi ng
a | owappl i cationprograns to access/sharedatainanore fl exi bl e and nore
efficient way. M/ ESAal so provi des the sane cross nenory | i nkage as
earlier MSversions.

M/S ESA support s one nore type of address space, called a H per space
(see Hgure5.16). Like adataspace, aH perspace provides additional room
for datastoragethat i s accessibletooneor nore application prograns.
However, the datain aH perspace nornal |y resi des i n expanded st or age
and nust be noved i nto a pri nary address space beforeit can be processed.
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Infornati oninaH perspaceis noved i n 4-KBbl ocks (one page) under the
control of anapplicationprogram Throughthe use of the Move Pagehar d-
var e enhancenent, transfer tine between expanded storage and centra stor-
ageissignificant!yreduced by el i mnati ng nuch of the sof t war e nanagenent

of deternmni ng whi ch page frane i s freeto accept the 4-KB bl ock bei ng
transferred. H perspaces provideanapplicationprogramwthnoreflexibil -
ityinthequest tokeepdataashighinthestorage hi erarchy as possi bl e.

MS/ ESA System Product Version 4

I n Sept enfber 1990, | BMi nt r oduced t he Ent erpri se SystemArchit ect ure/ 390
(ESA/ 390), the EY 9000 Systemi 390 fam |y of conputers, and Ml tiple
Virtual Storage/Enterprise Systens Architecture SystemProduct Version
4 (MWS/ESA SP Version 4) Thi s versi on of M/ ESA nanages pr ocessor
storage as do earl i er M/ ESArel eases. The enhancenents i nthi s newver -
sionwere geared to support newfacilities including ESDONI/Ochannel s

and t he Syspl ex Ti ner (used to synchroni ze the ti ne-of - day cl ocks on nul -
tipleprocessors worki ngtoget her).

Miny i nstal | ati ons requi re nore t han one processor wthinadatacen

ter because, for exanpl e, asi ng e processor does nat have suffici ent capacity
or theinstallation nay want backup capabi lity. Nowit is possibl eto hook
those systens toget her and viewthemas asingl el ogica entity or syspl ex a
termderived fromthe twowords “  systemcompl exX’ (see Chapter 3 for addi -
tional infornation). Asyspl ex requires a continati on of S 390 har dvare
and sof t war e conponent s t o connect nul ti pl e M/ ESA i nages t oget her .
The systens are | i nked vi a channel -t o-channel (CIQ connections, either
wth fiber-optic ESOONCIG or an | BM3088 Ml ti syst emChannel Gom
nuni cation Lhit (M) . The Syspl ex Ti ner synchroni zes t he ti ne-of - day
cl ocks on each syst emand provi des a cormon ti ne ref erence for system
noni tori ng and probl emdetermnati on. U to ten systens coul d be con-
nectedinthi s fashi ontoformthe sysp ex.

The M/S ESAconsoal e services al lowtheinstal | ationto operate MS
systens i nthe syspl ex fromone consa e, el ther the MSconsd e or a Net M ew
consol e. The d obal Resource Serialization (GRS)unction of M/Sis
requi red and has been enhanced t o support syspl ex i n a dynanic f ashi on.
Processor s can be added or renoved froma G obal Resource Serialization
ring, and Resour ce Nane Li st's can be updat ed dynamcal | .

Within MS ESAVersi on 4, anewsoftvare function, calledthe Q oss
Syst em Coupl i ng Faci | i t ¥ XCF), was added. XO provi des the application
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programmng i nter face and servi ces to al | owconmuni cat i on anong appl i -
cationgroups onthe separat e processors and provi des anonitori ng (“heart -
beat™) and signal ing capability. Shared DADisa sorequiredtoprovide a
“heartbeat” coordinati on anong t he processors. The appl i cati ons program
mnginterfaceisfor authori zed prograns.

Job Entry Subsystem2 (JES2)ina multiaccess spool (MASenviron-
nent, uses XJ~toautonaticallyreset the JER2 softwarel ock andtorestart
jobsfor thefail ed MSsystem QRO ESA the | BVj ob schedul i ng product
(discussedinCpter 7), uses XFinasimlar fashion. It reschedul es j obos
onadifferent processor if e ther hardware or sof tware onthe processor
wherethe applicationwas original ly runningfails. Further, A CS/ ESA
Ext ended Recovery Facility (XRFuses XCF t o aut onat e t he process of
transferringworkl cadto an al ternat e system

Sone i nternal M/S ESA conponent s al so use X0Fto i nprove avai | -
ability. Partitioned Data Set Extended (PCEE) can be shared for i nput or
output by all the systens wthinthe sysplex. Ml tisystemDunp Anal ysi s
and Binnation (DA all ons syspl ex-w de suppressi on of SVCdunps (pri nt-
outsreflectingthe contents of soneor al |l parts of storage) and SYSMDLMRS
(printouts of apart of systemcontrol | edstorage). Systens inthe syspl ex
share a DAEdata set inwhichall dunp synptons are kept. The M rtual
Lookasi de Faci l ity (M.F) NOTE conmand has been aut onated to al | owt he
\LF dat a-i n-nenory cache i n each systemw thi n t he syspl ex t o be updat ed
w th one command. Prior to autonation, the VLFNOTE comrmand had t o
be i ssued separatel y (via TSOB on each system Gonponent Trace uses
XJtoprovide nergedtraceinfornation, and SIPuses XO-to set system
trapsona |l syspl ex processars.

The | ater rel eases of M/ ESAVersi on 4 a so i ncl ude enhanced com
nuni cations capabi lities, called Advanced Programt o- Program Conmmuni -
cati ons/ WS (APPC/ WS) APPC supports cooperati ve processi ng and
distributed processi ng for MS ESAby enabl i ng appl i cati on prograns run-
ning ondifferent conputers to cooperate w thout user intervention.
APPC M/S enhances the i nteroperability between M/Sapplications and
ot her applications and systens (I BVior non-1B\V) that support SNALUG. 2
protocol s. Thesefacilities conpl enent and coexi st wth A CS INg TQ
and bat ch processi ng.

APPCwas desi gned by 1 BM's net wor ki ng ar chi tects t o enhance t he
productivity of progranmers who were witingtransacti on-driven prograns.
I't al |l oned themt o concentrat e on the busi ness functi ons of the program
and be | ess concernedwththeinterna workings of the conputer. Vé dis-
cuss Advanced Peer -t o- Peer Networ ki ng (APFN), the nost conmonl y used
network architecture to support ARG in Ghapter 6.
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APPC M/S appl i cations can be witten to the SAA Cormon Pr o-
granming I nterface for Gommuni cation (G -Q, whichinproves portabil -
ity of MSapplicationstoandfromother SAsystens. The ori ginal APRQ
M/S conver sat i ons wer e hal f-dupl ex between cli ent and server. APPQ M/S
Server Fecilities all owresi dent serversto nanage resour ces, data, and ser-
vicesnareefficiently. The Server Fecilitiesa soal lowclient andserver to
establishpara le conversations, sinulatingful-dupl ex conversati ons. (See
Cuapter 6for addi tiond details.)

These rel eases al so i ncl ude newf uncti ons—H ock Pagi ng , Vérking
St Minagenent , and t he Asynchr onous Pageout Faci | ity—t+hat can i nprove
the engi neering/ sci entific, nunericintensi ve conputi ng envi ronnents. Cata
for nunericintensive applications of ten spans nare t han one page of virtua
storage. Wenthat datais referenced, several pagefaults canoccur causing
each page of datato be brought i nto storage separatel y. The obj ective of
Bl ock Pagingistoidentifyrel ated pages as abl ock and bring i nt o st orage
thewho e bl ock vhenthefirst pageinthe bl ockisreferenced, rather than
bringingtheminind vidual l'y. Thisreduces |/Oactivity and sone associ at ed
applicationwait tine. Wrking Set Managenentof f ers perfornance i m
provenent for | arge appli cati ons. Vien t he conbi ned wor ki ng sets of al |
address spaces donot fit intocentral storage, MS ESAtakes the si ze and
ref erence behavi or of t he address spaces i nt o consi der at i on when naki ng
central storage a |l ocati on, svappi ng deci si ons, and nul ti progranming | evel
adj ustnents. The Asynchronous Pageout Facilitgrovi des a nore efficient
net hod of transferring pages fromcentral storageto expanded storage. A -
ter initiatingeach pagetransfer, the processor caninmedi ately set upthe
novenent of the next pagetobetransferred. The processor wait tine asso-
ciatedwthpagetransfer conpl etionis e ininated, andthe page setup activ-
ityisoverlapped, inprovingthe page ngration process.

These enhancenent s i nprove t he syst emeffi ci ency for scal ar opera-
tions. Wen coupl ed wth new\ector Facil ity enhancenent s (see (hapt er
3), the2@of central storage, the 8 @of expanded storage, VSFortran
(Version 2, Rel ease 5) support of data spaces, VSFortran autonatic
paral | elizationoptiontouse nultipleprocessors, andtransparent \ector
Facility use by VSFortran and APL2, the § 390 conput er w th M&S ESA
\ersiondisplacedintoful super conput erst at us.

I nVersion4, MS ESAal so added support for subsyst emst or age pr o-
tection the PCSI X-conpliant application progranmm ng interface (APand
a Common St or age Tr acker Subsyst emst or age prot ecti on ext ends t he con-
cept of storage key protectionfor the protecti onof subsyst emcode and con
tro bocks. Frst usageistoisdae @ C3ESAapd i cati ons, prevertingthem
fromoverwiting A CScode and data. Grerwiting of ACScodeisrel a-
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tivel y coomon. Subsyst emst orage protection reduces A CSstorage vi o a-
tionout ages by up to 50 percent.

Rel ease 3 of Version 4 noved M/ ESAi nt o t he open syst ens envi -
ronnent wth the addition of the PCH X conpliant AP (see “(penkdition
MS' inthis chapter). Qecasi onal |y arunni ng WS ESA syst emnay experi -
ence a shortage of conmon virtual storage. M/AS ESAprovi des a newser -
vi ce, the Gmon S orage Tracker, that tracks storageasit isallocated,
providing early detection of conmon st or age probl ens and al | ow ng cor r ec-
tiveactiontobe deferred

MVS/ ESA Version 5

I'n 1994, | BMannounced Version 5 of M/ ESA Release 1 of this version
conpl etesthefunctionrequiredfor afuly operationd perdle sysplexad is
requiredonthe Parall el Enterprise Server (9672) R2 and R3 nodel s
attachedtothe@uplingFacility (discussedin Gapter 3). Asorequiredare
the proper | evel s of subsystens that exploit the Gupling Facility. These
i ncl ude OB \ersion 3; AOH VTAM\ersi on 4, Rel ease 2; | My ESA \ersi on
5; A CY ESA\\ersion 4; DFSVE M/S Version 1, Rel ease 2; RACF Versi on
2; and RWF \ersi on 5.

Key enhancenents i n \Version 5, Rel ease 11 ncl uded support for paral -
I el syspl exservices supporting upto 32 MS ESAsyst ens, each of whi ch can
be a nul ti processor. M/S provi des service for subsyst ens and aut hori zed
applicationsusingthe GuplingFaci lity. The coupl i ng technd ogy (di scussed
indetail inCapter 3) nakes hi gh-perfor nance syspl ex dat a shari ng pos-
siblein WS ESAVersion 5. The Wrkl oad Manager (WM a nhewcom
ponent of M/S ESA enabl es operat i ons nanagenent to defi ne processi ng
god sthat refl ect speci fi c busi ness needs i nstead of definingdetai | edsystem
rel ated paraneters to control workl oad. M/Suses t he WMt o adapt t he
vor kl oad t o neet t hose goal s.

Mbst busi nesses today use a servi cel evel agreenent asthevehiclefor
negoti ating support wththe user conmunity. Qicethe servicelevel agree
nent isset, thesupport staff nust transl aethe busi ness o ectivesintoa
seriesof technica ternstellingthe systemhowt o achi eve the obj ecti ves.
The new W.Mni ni m zes t he hurman i ntervention by al | ow ng broadl y
defined o ectivestobeput directlyintothesystem

Qe of thethree nai nobjectives of IMistosinplifytheinterfaces
tothe Systens Resour ce Manager (SRV) by speci fyi ng broader pol i cy-
ori ented perfornance goal s. The VIMassunes responsi bi | ity for deci di ng
hownuch wor k shoul d run at whi ch poi nt and w t h what resources. Rel ease
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1 supports distributionand bal anci ng of work w thi nasingl e M/Ssystem
and provi des feedback onthe resul t s achi eved versus the padl i cy obj ecti ves
saa

The V@r kl oad Minager det er nines syst emactivity, systeml oad, and
| evel s of perfornance and gi ves reconmendat i ons t o t he net wor k nanager
(VTAV), the transaction nmanager (IM5 A CS anong ot hers), and bat ch
nanager s (JES QPCA ESA for exanpl e) to bal ance t he wor kl oad. Gonse-
quently, all MSinages participatinginaparal |l el syspl ex can conmoni cat e
wtheachather, usingthe @upling Faci lity (di scussedin Gapter 3), about
current | oad and about their ability toaccept newvork.

The second o ectiveistogather perfornance data, wichisreported
to perfornance noni tori ng product s such as t he Resour ce Managenent
Facility (RMP), whichhas beennodifiedtoreport data accordingtothe
busi ness godl s.

Thefina objectiveistoprovideinfornationto M/Ssubsystensto
assi st theminbal ancingthei r ownworkl cads. By providinginfornationto
A CH ex/ SM WMenabl es A CStransactions to be bal anced across t he
paral |l el sysplex. AthoughViMdoes not distributethisworkloaditself, it
enabl es the subsystens to performthis function. QCIESAMVersion4fully
expl oi ts the ViLMand requi res A C3H ex/ SVit o provi de t he wor kl oad bal -
anci ng functi on.

IN§ insupport of VUM provi des a nonitoring environnent that the
ViIMcan noni tor todetermine i f executi ng I Mstransacti ons or bat ch j obs
are neeting response ti ne goal s. ViIMadj ust s t he MiSresour ces t o achi eve
aoropriategods.

Wt hthese services, MSaoffers val ueto busi nesses desiringto

Bilddient/server godicaias.
* Rinor witeportabl eapplications usi ng standard RCH Xi nt er f aces.

e Share M/Sdatawith UN Xworkstations attached to WS ESA
through TGP I P or vi a ACH VTAMAnYNEt f eat ur es.

« Met requirenents for a PCH X conpl i ant or XPG! Base Speci fi ca-
tionconpli ant system

Wththeintroductionin 1995 of MS ESAVersion 5, Rel ease 2. 2,
| BMIf urt her expanded t he capabi ity of this operating systemby i ncl udi ng
support for the XRQ! Base Joeci fi cati on and t he X (oen S ngl e LN X Speci -
fication, enhancingthe portability of applications. INX PCH X and DE

279
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Gient/Server applicationsal benefit fromthi s added support. A so, ASTI

termnal s nowcan attachto M ESA and exi sti ng M/S dat abases can be
used i n a het er ogeneous network. These functions are describedingreater
detail inthe section“MWS EA is an Qoen Systens Envi ronnent .

S ncethe application progranming i nterfaces have been expanded t o
i ncl ude signi ficant N Xfunction, busi nesses wll have abroader range of
applications that run on WS ESAVersi on 5to choose from Busi nesses
now have addi ti onal opti ons when eval uati ng “nake or buy” deci si ons
about applications.

The di scussi on t hus far has focused on two naj or el enent s of
MWS/ ESA the WS/ ESA SystemProduct (SP) Base Control Program (BCP)
whi ch provi des the functions for control lingthe resources of the S 390 com
puters, channe's, centra storage, expanded storage, andvirtua storage; and
Job Entry Subsyst em2 (JES2)whi ch nanages and schedul es t he fl ow of
vwork (that is, jobs) tothe MS ESASP Base Gontrol Programand nanages
theoutput of eachof thejobs.

Qher significant conponents, rel atedto nanagi ng t he MS ESAsys-
temconpl ex, are di scussed in“MS ESASystenM ew in Qhapter 7. These
conponents include Data Facility Storage Managenment Subsystem MWS
(DFSVB/ WVS), whi ch provi des i nt egrat ed st or age nanagenent and con-
trol s the resources of the storage periphera s, Net Vi ew for M/ ESA5685
152), whi ch provi des aut onati ¢ and nanual tool s for nanagi ng | arge
communi cations networks, and ADSTAR Di stri buted Storage Manager
(ADSM for MVS whi ch ext ends t he syst em nanaged st or age concept to
thedistributed environnent. The  Resource Access Control Facility (RACF)
isalsodiscussedinCuapter 7. Additional, optional conponents of MS
ESAare di scussed next .

Data Facility SORT (DFSORTY5740-SM) is a hi gh-speed dat a
arranger that works cl osel y wth ot her storage nanagenent syst emel enent s
toprocessdata It isIBVIssort, nerge, and copy product for the MS ESA
operating system Toget her wi th DFSMEY M/S and RACF, DFSCRT f or ns
the strategi c product base for the systemnanaged st or age envi r onnent .

CFSVE MI/S provi des st or age and dat a nanagenent functi ons, RACF pro-
vi des the security functi ons, and OFSORT adds t he perf or nance f uncti ons.

Rel ease 13 of OFSCRT, avai | abl e i n md-1995, added several perfor nance
i nprovenent s reduci ng GFUtI ne, cutting el apsed tine, and reduci ng EXCP
counts. I nan MY ESAenvi ronnent, DFSCRT uses H per spaces and dat a
spaces to reduce |/ Oactivity, thus inprovi ng perfornance and shorteni ng
el apsed tine for bat ch processi ng. Newdynam c hi persorti ng nanages t he
use of expanded storage by al | hi persorting applications. Data spaces are



Systenl 390 Sof tware—€harting Courses to a New Wrld 281

used for sorting, providingsignificant reductionsinQUtineand el apsed
tinefor variadl e-lengthrecord sorts. Wit h dat a spaces, DFSORT sort s | arger
pi eces of dataat onetine, requiringless physical 1/Oand|ess DADwork
Spece

Bat chPi pes/ W/ 5655-065) i s packaged as a sol uti on consi sting of a
newl i censed product, BatchH pes/ M/S and an i ntegrat ed servi ce of feri ng
(di scussed i n “Measur ed Usage Li cense Gharge” in Ghapter 7). The product
reduces the el apsed ti ne requi renent s of bat ch j ob streans runni ng under
the basi ¢ sequenti al access net hod (BSAV or the queued sequential access
net hod ((BAM wi t h i n-storage connections between jobs. It uses a
datain-nenory servicetoal | owrepl acenent of internedi ate sequentia data
setsinthosebatchjobstreans. This canreduce € apsedtinefor sets of jobs
that nowexecute serially but that can executeinparallel onthe sane
M/ ESAsystemusi ng thi s product .

Theinegrated services offeringis designedtoassi st userstoquickly
realizethe benefits of Bat chH pes/ MS Assi stance, for exanpl e, is provi ded
inidetifyingjobsthat neet therequirenentsfor exdaitingthisproduct, in
performng j ob-fl owanal ysi s, and i n devel opi ng i npl enent at i on r econmen-
cHtiams.

Savi ngs canbe achieved through running seria batchjobsinparal €
(seeFHgure5.17), eininating I/ Oby passinginternedi at e resul ts through
nenory i nst ead of through DASDor tape data sets, or reduci ng t apes and
tape nounts, DAD usage, and reruns dueto nediafailure by el i mnating
interned at e data sets. These benefits are achi evabl ewth sinpl ej oo contrd
| anguage (J@) changes and j ob schedul i ng changes wthout rewiting appli -
caias.

Bat chP pes/ M/Si s one of several M/S ESAfunctions useful in
i mproving el apsedtinefor batchjobs. Mrtual 1/0(MQ to expanded stor-
age and BatchH pes both elimnate wai t tines that occur when |/ Otransfers
toand fromst orage devi ces. A though Bat chH pes al | ows concurrent run-
ning of thewiter and reader jobs, i nproving el apsed ti ne over MQ MO
supports bot h randomand sequenti al access t o dat a wher eas Bat chF pes
supports only sequenti a access.

H perbat ch (derived from H gh performance batch targetsadiffer-
ent typeof batchappicationfromBatchH pes. It targets oo icationsinwich
nany reader s si nul t aneousl y access datafromanexistingdataset. It isa
data-in-nenory sol uti oninwhichnultiplebatchjobs sharedataina
hi perspace, reducingor elimnating physical 1/Odel ays. Al of the shared
data resides in processor storage and on DASD and t he dat a persi sts
(renains) after beingread. BatchH pes applications, incontrast, have one
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witer passingdatatoonereader andhd dverylittledatainprocessor stor-
age at onetine. Theoutput fromthewiter istenporary. Wth H perbat ch,
readers run si ml taneousl y wth each other but not wthawiter. Wth
Bat chH pes, witer and reader j obs run si nul t aneousl y.

Bat ch Local Shared Resources (BLSR al sotargets applicati ons t hat
differ fromthose targeted by Bat chH pes. BBSRtargets appl i cati ons usi ng
direct or keyed VSAMI n a nonsequenti al access pattern. Bat chH pes sup-

Before BatchPipes ...

INPUT)  |process A Process B Process C

< >

With BatchPipes ...

> PUT BatchPipes
INPUT ProcessA| ———»
data............
GET | = data
— |
Process B PUT ..................
—’. ...................
data............
............ data
GET
<—
Process C Processor

OUTPUT

Figure 5.17. | BMBat chP pes/ M/Sreduces bat ch wi ndowr equi r enent s.
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ports onl y (BAMland BSAMI n a conpl et el y sequenti al access pattern. For
dataintegrity reasons, BLBSRwiters and readers run seri al | y wher eas
Bat chH pes wi ters and readers nust run concurrertly.

Sequentia DataSriping and BatchH pes bot h i nprove t he processi ng
of jobs that append nuch tine sequential ly reading or witinglarge DAD
files. Sequentia Data Sripingsubstantially inproves |/ Oaccess tingesto
DAY For tenporary data, BatchF pes can el imnate |/ Oand enabl e con-
current processi ng.

Ti me Sharing Opti on/ Ext ensi ons ( TSQ K)5685- 025) al | owdi spl ay
stationuserstointeract directlywthMWS ESAto performsyst ens nanage-
nent tasks and start appl i cati on prograns.

Advanced Communi cations Function/Virtual Tel ecomunications
Access Met hod (ACFH VTAM 5695- 117) nanages t he communi cations traffic
associ atedwthtermnal s, printers, and SystemNetvork Architecture (S\B
conmuni cations networks. It is discussedinnoredetail inChapter 6.

Transmi ssion Control Protocol/Internet Protocol (TCP/IP) Version 2
for M/S(5735-HAL), introducedin Chapter 2, provi des the M/Suser the
capabilitytoparticipateinanul ti vendor network usi ngthe T(? I Pproto-
col set tocommuni cate andinteroperate wthother systensinthe TG I P
netvark. Applicationsincludesendingnail, transferringfiles, logg ngonto
arenote host, and usi ng nul ti pl e network server functions. TG I PVersi on
2, Release 2 for MSincl udes of fl oadi ng, permitting the user to process
portions of the TR IPprotoca sinthe network attachnent har dvare, whi ch
saves nai nfrane cycl es for other processing. The A CSto TP | Psocket s
interface extends the use of TAY 1Pon MSby provi ding G CSapplications
wththeahilitytointeroperate wth partner applicationsin processors
at tached to the TR | P networ k.

Pr ogr anmmabl e Wor kst ati on Communi cati on Servi ces/ M&585- 115)
al l ons MY ESAt o conmuni cat e w t h personal conputers (for exanpl e,

PS 2s) over tokenrring or Ehernet | ocal area netvorks.

LAN Resour ce Ext ension and Servi ces ( LANREEP695- 123) est ab-
l'i shes a server envi ronnent that provi des Net Vere workstati on users trans-
parent access to Systemt 390 resour ces (see Hgure 5.18). Wth MS ESA
Version 5, Release 2, LANRESisintegratedinto MS ESAandis ano-
chargefeature. It continuestobeavai | adl e as acharged, standa one product
for users of MS ESAVersion 5, Release landearlier, but al further func-
tional enhancenentswll beinpl enented ontheintegrated product. LANRES
i s al so supported by the VWWoperati ng system and | BMhas announced
support for the VSH ESAoperat i ng syst emenvi ronnent .
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Figure 5.18. LANRES overvi ew.

LANRES provi des the fol | ow ng functi ons:
» D sk servinga | ons NetVre vorkstationuserstostorefilesonthe
host system gainingincreasedd skstaragecapecity, reliaality, cen
tral control of storage devices, avail ability of autonat ed backup
procedures, and physi cal security. Miltipl e NetVdre servers con

nectedto asing e MShost can share di sks stored on MSi nread
onl y node.

« Print servingsupparts transparent accesstothehost systemfor print-
ing, gai ni ngthe advantage of “any-to-any” printing, aneasyto use
end-user interface, andflexibilitytoadd print enhancenents as
requi red by work envi ronnents. Netware end users can route print
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jobs through Netwaretothe host for printing. Hst systemusers
canrouteprint jobstoNetVdre for printing on NetVere att ached
pines.

« LANadninistratioral | ows aut hori zed syst emadnini strat ors to add,
del ete, and renane users onthe LANfromacentra site, reducing
resour ce expense and addi ng the security of acentral dat a process-
ingcenter. Adnnistrat ors cana so set passwords, passwordrestric-
tions, linnt spaceuse, cottra file, directory access, and perform
a her functi ors.

« Datadistributioral | ows systemadnini strators to nani pul ate data
on LANs connected t o host systens by distributingandretrieving
datafromaserver, listing, cresting, adddd etingfilesanddrecto
riesontheserver, distributingdatafromthe centra |ocation, and
creating applications for novi ng dat a bet ween t he host syst emand
the LAN

» LANRES connectivityies the NetVdre servers cl osel y tothe host
whi | e preservi ng t he aut onony and oper at i ng i ndependence of t he
LAN LANRES supports direct paral | el or ESCONchannel attach-
nent, SNALLWB. 2 (over channel or network), and TGP | P connec-
tivity. It a sosupports the Qpen Systens Adapter (C5A), descri bed
inGapter 6. CGBAsupports direct attach of upto 80token-ringor
Bhernet LANstothe host server. Fber Dstributed Datalnterfaces
(FCO's) support up to 32 LANatt achnent s t hr ough GBA

The requi renent that LANRES and ACBMleach have a dedi cat ed hi gh-
per f or nance connect i on froma gi ven server tothe host has been renoved.
Bot h LANRES and ADSBMican shar e t he sane channel path. Thi s i nproves
cost effectivenessinarrangenents where, for exanpl e, LANRES users ben-
efit fromuse of thedirect channel duringregul ar worki ng hours and ADSM
uses t he sane bandw dt h duri ng of f shift hours for Net Vére dat a backup.

LAN Fi | e Servi ces/ ESA5648-039) i s anot her neans by whi ch LAN
based workst at i on users can gai n rapi d access t 0 Syst et 390 di sk space i n
bot h MS ESA and VW ESA oper at i ng syst emenvi ronnent s (see H gure 5. 19).
It replaces the needfor userstoshareinfornation by downl cadi ngwththe
abilitytosharecurrent, centrally stored | evel s of data Text, graphics,
i mages, Vi deo, and sound al | can be st ored on one syst emand accessed by
nany workstati onusers. A so, LANadmni strators have oneinterfacetoall
the LANs connected to the S 390.
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Figure 5.19. LANF | e Services/ ESAschenati c.

Wth MG ESAVersion 5, Rel ease 2, LANF | e Services/ BRAisinte-

grated into MS ESAas a no-charge feature wth t he nane LAN Server for

MS It continuestobeavailad e as acharged, standal one product for users
of MG ESAVersion 5, Release 1 and earlier, but all further functional
enhancenents w il beinpl enented ontheintegrated product.

Thi s product supports D35, (52, AX and UIN Xfile formats and
operations. It supports T IP, S\A and channel attached (ESONand | BM
PS' 2 Mcro Ghannel to nai nfrane connection) network protocal s. It sup-
ports C& 2, D35, Mcrosoft Wndows, Al Xon R SC Syst eni 6000, and
nCsclients. Inan G582 environnent, services are provi ded t hrough an
5 2 LAN Server \ersi on 3. 0/ Advanced Syst em

Wth direct ESNattachnent fromthe 3172-3 pl atform fi ber-
opticlinks extendthe di stance between channel s and contra units upto 23
km(14.3 m). “Chai ned” ESOND rectors increasethis rangeto 43 km
(26.7 m) and expand t he channel -t o- channel range up to 60 km(37.3 ni).
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Servers can nowbe pl aced nuch cl oser to the LANs they support. Wththe
Qpen Systens Adapter (C5A) for Systemi 390, LAN Server for M/S pro-
vi des communi cati ons protocol of fl oad for NFSusers. GBAsupports di rect
attach of upto80token-ringor Bhernet LANs tothe host server. H ber
Dstributed Data Interfaces (FOO s) support upto 32 LANattachnent s
t hrough CBA

se of the LANServer for M/Sis nat vi si bl e to end users accust oned
torecei ving servi ces fromwor kst at i on-based servers. The perf or nance com
pares favorabl y tothe perfornance of alocal workstati onbased server.

This functionis conprised of a S 390 conponent and one client com
ponent, the G52 LANServer client runningonthe G5 2 LANServer 3.0 or
4.0, Advanced. The S 390 conponent provi des storage for workstation for-
nat files. Thisrepositay supportshierarchicd drectaries, | ongnanes, byte-
l'evel |ocking, and extended attributes, whi ch can be used by D35 and C5 2
users connected to the G5 2 LAN Ser ver.

VWr kst at i on dat a can be shared anong mul ti pl e 5 2 LAN Servers.
Achannel attachnent betweenthe G5 2 LANServer and the S 390 provi des
hi gh-speed datatransfer for the G5 2 LANServer user. The |IBVI3172 Inter-
connect Gntrol I er Mdel 003 i s the recormended server pl atformfor pro-
vidingtoken-ring, Bhernet, and H ber Ostributed Catalnterface (FO)
LANconnectivity to the Syst et 390 usi ng an ESNor paral | el channel .

Wththe NFSfile serving capabilities of LANServer for M/,
TP IPNFSusers alsocanstoredatainthe S 390 workstati onrepository.
5 2 LAN Server users and NFS user s can share data stored on § 390. The
ful suiteof NFS\ersion2 Renate Rrocedure Gl I's (RRG) issupported. Ina
T I Penvironment, LANServer for M/Sprovi des st andard NFS \er si on 2
servi ces through TGY | P\ersion 2

The AdStar Distributed Storage Manager (ADSMdescribed in Chap-
ter 7, provides support for the LANServer for MSt hrough a special ACBVI
client. singthisclient, files nanaged by the LANServer for M/Scan be
backed up directly into ACBMnanaged reposi tori es, reduci ng el apsedti ne
for filebackuptasks.

LANadnni strators have only oneinterfacetoa | the LANs connected
tothe System390. Throughthisinterface, they contro and nonitor access
tothefiles stored under LANF | e Servi ces/ BSA inport and export host fil es
betweenthe vorkstati onfil e systemandthe host fornattedfil e system and
back upandrestorefiles anddirectories throughaninterface to ADBM

MVS Data Interfile Transfer, Testing, and Operations Utility
(MWS/ DI TTO) (5665- 370) provides a flexibletool for creating and
nanipul atingdatafiles. It isoftenusedby progranmersto copy, test, ad
nodi fy appl i cat i on prograns.
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Interactive SystemProductivity Facility for M/S (1 SPBBE85- 054),
introduced earlier inthis chapter, i nproves the productivity of program
ner s when devel opi ng the user interface for customappl i cati on prograns.

MVS/ ESA in an Open Systens Environment (OpenEdition MWS)

(pen systens i s an area of i ncreasi ng i nportance. Today nany cor porati ons
find thensel ves wth anmx of operatingsystemplatforns, software prod
ucts, transnissi onprotocal s, hardware technd ogi es, and nul ti pl e vendor s
scattered throughout the corporation. They nay have departnental LANS,
W de area networks, renote sitesindividual |y connectedtothe host nai n-
frane, standal one R, and ot her speci al i zed nachi nes. @t en t hese nachi nes
andtheir software are not abl e to conmuni cat e or exchange data. Appli ca-
ti ons devel oped for one syst emoften do not run on anct her.

Inthis environnent, | BVIs Systent390 archi t ect ure was vi ewed as
closedor proprietary prinarily because systens built onit coul d not
interoperatewth N X based systens. Al Xwas original | y devel oped as
IBVIs offeringtoparticipateinthe LN Xworld, but therewas abig de-
nand t hat M/Sand Wal so parti ci pate. Qrer the past severa years, both
product s added support toal | owinteroperabi lity and portabi | ity anong soft -
vareplatforns that confornedto | BVIs SystemAppli cati on Architecture.
However, theseeffortsdidnot al owintegrati onwth nany of the vendors’
applications and systens pl atforns i nuse i N busi nesses.

Thischaoticsituationledtothefornati on of nany standards organi -
zations. Hurdware nanuf act urers, software devel opers, and userstriedto
devel opstandardstodefineinteroperability anongthe different systens ad
toprovidefor portability of gpplications, data andskillsfromonesystemto
another. To provide ful | y open systens, | BMadopt ed t he defi nitions for
interoperability andportability used by the | BEEE

Interoperabilitystheability of hardware and softvare fromd fferent
vendors towork together. IBMs Qpen B ueprint, as well as the X (pen
Dstributed Gnputing Sructure, definestructuresthat endd el tipl e venr
dor products towork toget her successfully. Avariety of progranming nod-
el s, such as Renote Procedure Gal I (RPQ and t he Message and Queui ng
nodel , provide rul es for successful conmuni cation. Q her protocol s defi ne
ruesfor sharingdata. Portabilityistheabilitytonoveap picaions, daa,
and users and support personnel freely across these different systens. This
inpliesthat the skills auser needs on one systemal so “port” tothe new
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system Gmman i nterfaces andfacilities, usua |y defi ned as st andards, nake
portability possible. The | BE=defi ned PCH X st andar ds f or mone of the
bui | di ng bl ocks of open systens portability. The X GQpen Fortabil ity Gi des
(X&) buildonthis standard. Wsers famliar wth UN Xcommands can use
their skillsinmediatel y wth (penEdition MS Accesstothisinteractive
envi ronnent, the FCB Xshel | wthassociatedutilities, initidlywasthrough
t he TSOenvi r onnent .

The ext ended user interface for the Cl anguage and the ARl support
M/S ESAsystemcal | s fromPCH X conpl i ant prograns to request st andar d-
i zed M/S ESAsyst emser vi ces through anewi nterface. The systemcal I s @ so
provi de Cl anguage functions for control |'i ng processes. The RCH X st an-
dardprovides avariety of functionsfor process creation, contra, and com
nuni cation. Bfectively, these functions are a subset of the UN Xkernel
functi ons nowi ncl uded i n WS ESA They can access t he Herarchical File
9ystem(HFS) devi ce- and cl ass-speci fi c functions, i nput/out put primti ves,
Cl anguage—speci fi ¢ servi ces, and the data i nt er change/ ar chi ve f or nat .
A though not part of the standard, M/S ESA added assentol er | anguage
interfaces to nany of the PFCH Xfunctions for nore appl i cati on devel op-
nart fledhlity.

TheHerarchical Fle System(HS isfamliar toWN Xprogranmers
and i s coomon across al | FCH X conforming systens. Al filesarebyteori-
ented, whereas standard MS ESAfiles arerecord oriented. The H erarchi -
cal Hle Systemal lows for long file nanes innixed case—p t o 1023 byt es
foafdlyqaifiednane It useshierarchica drectaries; trestsdl dataas
byte streans; provides utilitiesfor handingthefiles; provi des permissi on
control; supports concurrent witestothe sanefilefrommitip e address
spaces; and provides still norefeatures as definedinthe RCH Xstandard.
Wthin MS ESA the Herarchical FH e Systemis inplenented through
OFSWW /S whi ch neans that the fil e systemcan be autonati cal | y backed
up and peri odi cal | y ar chi ved. NewTSO E cormands and | SPF panel s were
added to al | owa user to copy an H-Sdat a set to an M/S sequenti al or
partitioneddataset andtocopy other directories. Theintegrati onof the
PCH X defi ned HFSw th exi sting M/STi |l e nanagenent servi ces provi des
autonat ed fil e nanagenent capabilities. Security for theHerarchical Fle
Systemisintegrated wththe R security servi ces (see Ghapter 7).

In MS ESAVersion 5, Rel ease 1, | BMext ended t he support for sys-
tens and applicationinteroperability wththe support for DEandinte-
grated sockets (defined bel ow. Additional Iy, the Crun-tine envi ronnent
was packaged as a part of MY ESA
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I nt roduci ng DCE Base Servi ces to M/ ESA Version 5, Rel ease 1
enhanced access toapplicationsandtodataonmiltiplep atforns. This, in
turn, enhanced the i npl enentati on of client/server applications. DE
addressed busi ness needs to share dat a and appl i cati ons, secureinfornati on
storedinand passed t hrough networks, sinplify adnini strationof resources
and security, port applications, and reduce programmng effort for
client/ server godications. Newfunctions endd i ngthese capahilitiesind uded

» The Network File System(NFSal | ons aworkstationto access fil es
that nay renai n el sewhereinanetwork but seemas if they were
resi dent onthewvorkstation. Wihthis NSSsupport, aclient appli-
cation canseethe uenEditionHerarchical Hle System(HS as
anextensiondf thevorkstation' sfilesystem

» Integrated Socketssupport is asocket ARl that includes the func-
tional ity of B3D4. 3 UN Xsocketsintegratedintothe RCH X1003. 1
envi ronnent . Socket s are a cormuni cati ons channel that enabl e
unr el at ed processes (appl i cati ons) to exchange data, whet her the
processes are on a si ngl e systemor on nul ti pl e systens. Thi s en-
ables ful | support for Xwndows clientswthinthe QoenEdition
envi ronnent .

« Distributed Conputing Envi ronment (DCEErvi ces (see H gure 5. 20)
i ncl ude Renote Rrocedure Gl I (RAQ), security, directory, andtine
nanagenent. To achieveinteroperability, all systens andtheir
r esour ces nust be wdel y avai | abl e. Gonput er servi ces nust be pro-
videdtogpdicationsregard ess of | ocati on.

The (pen Sof tware Foundati on’' s O stri but ed Gonput i ng Envi -
ronnent (C8< DB i s a conprehensi ve, integrated set of services
that supports the devel opnent, use, and nai ntenance of distrib-
uted applications. RRCautonatical |y invokes directory, security,
and conmuni cat i ons servi ces for the applicati on programmer. Al
communi cati on code error handl i ng and dat a conver si ons are
handl ed transparently, reducingthe  anount of tinerequiredto
codeadistributed application. RRCex tendsthetypica procedure
cal | s by supporting direct cal | s to procedures onrenat e syst ens.

« Tine Serviceperiodical |y synchroni zes cl ocks ondi fferent nodesin
adstributednetvark, provid ngapplicationswthasingetineref-
erence to schedul e activity and t o det er mine event seguenci ng and
duration
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« Directory Servicddentifies objects (suchas users, systens, and
resour ces associ at ed wth systens) wthinthe network by nane and
al | ows user access tothemw thout the users needi ng t o knowwhere
theresorces areinthenetvork. Alogcaly centraized, physica ly
dstribueddrectorystoresthisinfornation

e Security Servicerovides the network wth aut henticati on, authori -
zation, and user account nanagenent services, ensuringintegrity
and pri vacy wthinthe network.

Wththefacilities andinterfaces addedto MS ESA end users faml -
iar wth other PO X conpl i ant systens can use WS ESA They wl | have
the under| yi ng resour ces, power, availability, and recovery feat ures of
MS ESAwthout the needto understand MG ESA s regul ar interfaces. sers
canswtchtothe MS ESAregul ar interfaces for capability not avail abl e
throughthe RCB X defined i nterfaces, but portability of applicationsislost.
Wsersnay al sotrade portabi ity for capability by usingthe MS ESAext en
sions tothe Cl anguage functi ons.

Several other MG ESArel ated product s (shownin H gure 5. 21) were
al so changed t o support t he open systens envi ronnent. The QpenkEdi ti on
set of | BViproduct s i ncl udes

» (penkEdition Shell and Wilitiesapricedfeature. This optional shell
adutilitiesfeatureof QuenEditiond |l onstheend user tointeract
wththe standard PCH Xinterface. The PCH X defined shel |l and
wilitiesact asasubset of the UINXconmandshel | and utilities, but
are avai | abl e nowas afeature on MS ESA

TC PP Cannaciviy 5

lerecr ypdon opdornal) ]
|
OZE
huSIES D
Tirn & Server

Figure 5.20 |1BMs (penEditi on M\/S DCE
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QpenkEdi ti on dbx debugge apricedfeaturethat isautilitytoassist
w th debuggi ng activity during appl i cat i on devel opnent .

OFSWW M/S Rel ease 1. 3, whi ch i ncl udes the PCH X-defi ned H er -
archical HleSstem(HS.

COBOL Vi sual Set (repl acing ¢/ 370)whi ch i ncl udes a PCSl X-
confornng conpi | er. The EY 9000 511- based and 711- based pr o-
cessors added t hree newl ogi cal stringinstructionstoinprove
processi ng effi ci ency for Clanguage string-intensive appli cati ons.
The conpi | er has been updatedto use the Logi cal Sring Assi st fea
tue

Language Environnent for MVS and VM Rel ease flormerly Lan-
guage BEnvi ronnent/ 370 (LE 370), whichincludes alibrary of PCH X
Cfunctions.

RWF, whi chincl udes a neans to col | ect datafor PCH Xappl i ca-
tios. (SeCepter 7for details.)

Resour ce Access Control Facility (RACF) Versionhi ch protects
vital systemresources fromi nadvertent danage or del i berate nis-
use. (SeCepter 7for details.)

DCE 2T i Shedl & Wit
Disributed Sendoes Campiler [ boagger Aoplicadons

L ey wrepe: Envirom e nt o0 WYS and ¥

Applicaion Bun-Tim = Serdoss

WS ESA ! Open Open ! FSMSIS

Sy Searvioes } Support Support i D Marmgemernt

THE RMF RACF SHPE L] Y
I racive Rezource Security et ll Sar v o Cizmmn unii-
Erdironment M amara et cadons

Fi gure 5.21.

I BM's penEdi ti on M/S envi r onnent .
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« SWE whichincludesinstallationsupport for the QpenEdition
product s and f eat ur es.

Athough not technicallyincl udedintoday s Quenkdi ti on product set,
Net wor k Queui ng Syst em’ WS ( NQS/ MS)onpl errent s t he envi ronnent .
NE M/S provi des MY ESA bat ch capabi lities to A X and UN X based
systens. NE M/Sis aninpl enentati on of the A Xor UN Xrenote batch
subm ssi on protocal . It runs on MG ESA (JEX2 or JEX2 mul ti access spool
systens) asa server andgives A Xor WIN Xbasedworkstationstheabilityto
submt batch applicationsto MS ESAusing TR IPandthe ability to noni -
tor and control those applications usi ng a sel ected set of NJBcom nands.
It provides Al X and UN X-based systens a nethod of utilizing § 390
conput er resour ces and power. NN M/Sisthebasis for the distributed
bat ch queui ng envi ronnent s portion of the | EEE PCH X st andard 1003. 15
Bat ch SystemAdnini strati on, another part of the series under devel opnent
by the | EEEfor open syst ens.

The nost recent enhancenents to Qoenkdi tion MSare deliveredin
MS ESAVersion 5, Release 2.2, Fortability of applicationsisfurther
enhanced by integratinginto MSal | functions requiredfor the XRGl Base
Speci fication pl us 90%of the functions defined by the XRGL 29 ngle N X
Soecification Additiond support for interoperabilityis provi ded.

The X Qpen Qorporation, Ltd., workingwth aset of platformand
applicationvendors, definedaset of UN Xspecifications, referredtoas Sec
1170, usi ng XPG! as a base. Subsequent |y, X (oen publ i shed a new speci -
fication, XPGL2, referredtoasthe S ngle N XSpecification. MS ESA
\ersion 5, Rel ease 2.2 supports nore than 1100 UN X functi ons. | BMhas
stated anintent to seek brandi ng by X Qpen as a UN Xsystemvwhen it adds
the remai ni ng XPG&L. 2 Cl anguage functi ons i n a subsequent rel ease. As
future oy ectives, |BVhas al sotargeted sharingthe Herarchica Fle System
wthinapara lel sysplexandproviding additional exploitationof dynanic
vor kl oad bal anci ng capabi lity.

The support introduced wth\ersion 5, Rel ease 2.2 ncl udes appl i ca-
tion progranming i nt erfaces supportingthe Cl anguage; ashell interface
that hasthe “l ook and feel ” of a UN Xsystem whi ch supports porti ng UN X
skills; an enhanced H erarchical H e Systemas afunctionof CFSVE MS
\ersionl, R ease 2 extendedintegrated socket support toenadl e bath | BV
suppl i ed socket s appl i cati ons and cust oner appl i cati ons to run across nul -
tipletransport providersinan openenvironnent; AQ| byte-ori ented
termnal s supported through attachnent to a R SC Syst end 6000 r un-
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ni ng t he new Communi cati ons Server, which i s downl oaded from
M/S ESA Version 5, Rel ease 2.2; UN Xfull-screen support for ap-

plications using curses; andthe ability of UN Xapplications invoked

fromQpenEdi ti on M/Sto send and recei ve a 3270 data streamto
and from3270 di spl ays.

Addi tional functions, not being providedwth\ersion5, Rl ease 2. 2
but included as astatenent of direction, are ACBMcl i ent suppart to provi de
backup and ar chi ving of i ndividual files fromQenklition's HStothe
S/ 390 st orage resour ces under the control of the ACBMserver; N-Sclient
support that al | ows (penkditi on M/Ssystens accesstofil es onarenote
systemvi a NFSprotocd s; support toal | owappl i cati on progranmers t o use
obj ect-orientedtechnol ogy to bui | d UN Xapplications; upgradingthe
WS ESA QpenEdition DEto CBF DE Version 1, Release 1, whichw | |
provi de support for DCEER,Cover SNAnetworksinadditiontothe TGP 1P
net wor ks supported t oday; and shared fil e support and i nproved socket sup-
port inaparalle syspl ex ervi romnert.

Because (penEditionis not a special i zed versi on of MShut is an
optionwth the standard M/S ESAproduct, sone of the open syst ens func-
tionsareintegratedinto supporting products such as TGP I P, VTAM and
IMB 1BVIs pen B ueprint naps open syst emfuncti ons t o key supporting
product s and product features. A so, the Quenkditi onfunctions are avail -
abletoMSapplicationsthat exploit other MSfunctions. Athough sone
applicationswll bewittenusingonly XAGfunctionstoal | owportability
across XPGconpl i ant platforns, otherswll use additi onal M/STunctions
tooptinnzethe application Anapplicationthat nixes accesses bothto MS
datasets andtothe XGconpli ant Herarchical Hle Systemis an exanpl e.

ESA

The M rtual Machi ne/ Enterpri se SystemArchitecture (MMESA) operating
systembui | ds onthe virtual storage concept to subdi vi de asi ngl e conput er
systemintomiltipl e, virtua conputer systens, eachwthits own processor
storage, disk storage, tape storage, andather 1/ Odevi ces. That is, VM ESA
uses sof t var e t echni ques to nake a si ngl e S 390 conput er appear to be nul -
tipl e conput er systens. Each of these conputers, siml atedin software and
caleda virtual nmachi ng acts as an i ndependent and conpl et e conput er sys-
tem I nsone cases, avirtua nachine acts |ikean S 390-conpati bl e “per-
sonal conput er” wthasingl e-user operating systemservingthe needs of a
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sing euser (or gpplicationprogranmy. Agroup of singl e-user virtua nachi nes
canbelinkedtogether tocreateavirtua “local areanetwork” of §390
conputerswthinasing esystem(depictedinFguwre5.22), all simlatedin
softvare. Aternativey, asingevirtua nachinecanrunanul tiuser operat-
i ng system(for exanpl e, MY ESA) and serve t he needs of nany users.

SA0 sy running WIESS,

(8=

Figure 5.22. nceptual |y, Wcreates al ocal areanetwork of singl e-user conput -
erswthinan 9390 system
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VW ESA s uni que approach t o resour ce nanagenent (that is, subdi-

vid ngasing econputer systemintonuitiple, virtual conputer systens each
wthits owresources) nakesit especial ly usefu for i nteractive conputing
client/server conputingand guest operating systemsupportlnteractive com
puting provi des for flexi bl e dia og bet ween users and appl i cati on progr ans,
a | ow ng users to performad hoc queri es to dat abases, wite nenes, or per-
f ormnechani cal desi gn. Today, WIs | arge-scal e i nteracti ve conputi ng
capabi litiesincludesuppart for thousands of officeusers, dataand ysis and
deci si on support, advanced dat abase processi ng, appl i cat i on devel opnent ,
and ad hoc probl emsal vi ng.

Gient/server conputingisfacilitatedbydlonngavirtud nachineto
be ded catedtorumningaprogramthat provi des services (thuscad leda server)
totheusers of other virtua nachines (cdled clientg; prograns designedto
runintheir ownvirtual nachineandto provide servicestovirtua nachine
users arecal led service virtual machi nesMMcapabi |ities enabl e busi nesses
tointegrate nai nfrane strengths wth W uni que server capabilities and
LAN and wor kst ati on t echnol ogi es. The Wland nai nf rane strengt hs i n-
clude very fast access tol arge vol unes of data, access to hi gh- bandw dt h
conmuni cat i ons and hi ght capaci ty devi ces, and ef fici ent and secure admn-
istrationof | arge nunbers of users and applicati ons.

Fnaly, eachvirtua nachi nerunsoneof several different operating
systensinaddtionto(or ontopof) Witse f. Thisfreeseachuser torunthe
operating system(for exanple, M V&E or M that isrequiredor best
suitedtothe applicationprogram Qher operating systens runni ng under
Winavirtual nachinearecalled guest operating systensThe ef fi ci enci es
generated through Wacting as a  hypervi soror “host” system inwhich
resour ces are shared anong nul ti pl e di fferent systens onasi ngl e processor,
nakeit practica touse Witocreate, test, andrunapplications fromany
S/ 390 operating environnent. This sinplifies nigrationand experinent a-
tionwthnewpl atforng and functi ons.

Today, the MWloper ati ng systemspans the entire range of §390 pro-
cessors. There are nore than 17,000 Wi nstal | at i ons wor| dw de, w th over
5000 runningthelatest version, VMESA As nany as 9 nil | i on peopl e are
estinat ed t o use Wlevery day.

Origins of VM ESA
W ESAhas roots dati ng back to 1964, when a group of researchers at 1BVIs

CGanfori dge Scientific Genter concei ved the virtual machi nenodel. Wththis
conput i ng nodel , the har dwar e resour ces of a conput er syst emwer e nan-
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Figure 5.23 (perating systens |ike Qvbor M/Srun ontop of the control pro-
gramconponent of W

aged by one conput er program call edthe control program(CP) whilethe
users’ activities were nanaged by an operati ng system Qne such operating
system called the Conversational Mnitor System (CMS)conmes wth
W ESA H gure 5. 23 shows a cut anay vi ewof our sof tware nodel depi ct -
ingtherel ati onshi p betweenthe contro program operating systens, appli -
cationprograns, and virtua nachines (notethat severa applications can
runonthe sing e VEEguest).

(Pcreates avirtual nachineinageinsoftware for each user of the
conput er system The virtual nachi ne i nage appears to be act ual conput er
hardwaretothe prograns runninginthat virtua nachi ne, incl udi ng operat -
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i ng systens (such as 5, VSH ESA or MY ESA) and appl i cati on pro-
grans. Sncethecontro programhastheabilitytocreate asoftwareinage
identica tothat presented by conputer hardvare, it iscaledahypervisor.
Bydvingavirtua nachinetoeachuser, thecontrd programprovi des ef f ec-
tiveprotectionto prevent one user fromaccidentally (or intentional ly)
interferi ngwthanot her.

The Gonversational Mnitor System(QVE is asingl e-user operating
systemthat runs ontop of the Pandinteracts wththe user and any appl i -
cationprogramrunninginthat virtual nachine. As showninH gure 5. 24,
ot her operating systens (such as VaH ESAor WS ESA al so run on top of
(P as guest s—a capabi l ity that the other S 390 operating systens cannot
nat ch. The guest operating systemcapability, a ongwththeinteruser pro-
tection provided by thevirtual nachi ne concept, nakes Ma nat ural envi -
ronnent inwhichtotest or nigrateto newversi ons of operating systens
and newappl i cati on prograns wthout riskingthe current production envi -
r onnent .

The eval uti on of MMas an operatingsystemis showninatinelinein
Fgure5.24. Thefirst enbodi nent of the virtual nachi ne concept was a
hypervi sor called Control Program 40 (CP-40)devel oped as an experi nent
tostudy the tine-sharingtechni ques and hardware requi renents for the | BM
Systeni360 fam |y of conput ers.

Ti ne sharing, as discussed earlier, dlows asingl econputer systemto
work onmul tipl e active appl i cation prograns, givingasliceof processing
tinetoeach. 2 40first ranonaspecialy nodified Systent360 conput er,

VISP
HPO —=
I—l- b ESS
—
-
CP-40 CPE&7 W ET0 Ut 5P
(=
1 1 A 1 - 1 1 1 1 1 1 -
1965 1967 1972 1920 1924 1922 1925 1927 19910

Figure 5.24. WIs |ineage.
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whi ch al so served as t he devel opnent pl at formfor what was thencal l edthe
Canbr i dge Moni t or Syst em ( QVB)bei ng devel oped i ndependent | y. 1 n 1966,
QVb and G- 40 wer e conbi ned t o forma ti ne- shari ng syst emt hat woul d
formthe basisfor the WM 3700perating system As showninF gureb. 24,
the W 370 operati ng syst emevol ved duri ng the early 1980s i nt o several
uni que product s, whi ch wer e devel oped based on t he needs of the di fferent
envi ronnent s i n whi ch MMwas used.

W SPserved the § 370 har dvar e, i ncl udi ng dual and dyadi ¢ proces-
sors, that was then avai | abl e wth a naxi numof 16 MBof nai n st or age.

The VM SP Hi gh Performance Opti on (HPQ)i ntroduced i n 1981, pro-
vi ded per f or nance and capaci ty enhancenent s t o t he VWM SP Syst end 370
envi ronnent by recodi ng sone areas and novi ng sone functions into pro-
cessor microcode. Thi s versi on supported 64 MBof nenory and 32 chan-

nel s. Wiereas VM SP supported tens of users, HROsupport ed hundreds of
users. It a so provi ded support for MS 370 as a guest operati hg syst emat
near - nat i ve perf or nance.

Meanvhi | e, in 1981 the Systemni 370 Extended Architecture (XAsup-
porting 31-bit addressi ng, was announced. Thi s archi tect ure supported nore
storage, nore processors, nore channel s, and t he dynanic |/ Osubsyst em
endd ingsignificantlyfaster responsetinesfor users. Aseries o sd utions
enabl ed WIt o nake the transitiontothi s newprogranm ng envi ronnent .

The VM XA M gration A dwas first shippedin 1983 to provide test
and mgration capabilities for MS XAguests. The VM XA SystemFaci lity
added nor e capabi l ity in 1985, but it was not until the VM XA Syst em
Product shi pped i n 1987 that ful | MMcapabi |l ity was provided on | BVs
| arge processors. Incontrast to VM SPw th HHQ W XA SP support ed
thousands of users and nany guest s.

VM ESA Version 1

Nowl Bvihad t hree di fferent MMoperati ng syst ens addressi ng three differ-

ent custoner sets. Each newoperating syst emfunction hadto be coded for

each system Because constrai nts were encountered i n VM S and W SP
HOthat could not berelievedinthe S 370 architecture, 1 BMdeci ded to

creat e a si ngl e Woper at i ng syst emusi ng t he new ESA/ 390 architecture
and choosi ng W XA SP as t he base. Mgration st udi es wer e undert aken,
and i nhi bitors were renoved or sol utions incorporatedintothat baseto
ensure the hi ghest possi bl e conpatibility for the end users of the newsys-

tem called VW ESA (W SP, W SPHQ and VWM XA SP were wi t h-

drawn fromnar ket i ng and servi ce support in 1994.)
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In 1990, W ESAwas announced al ongw th the § 390 fam |y con-
verg ngthe WMfamly of productsintoasing edffering. Thissinplifiedthe
packagi ng and syst ens nanagenent for Wusers whil e al | ow ng | BMt o
better focus Wdevel opnent resources. Asnooth mgration path was
establishedtothi s newoperating system asystemthat contai ned nore f unc-
tions, better nanegeghi lity, andbetter reliddlity. The onep ecemissingfrom
thefirst rel ease, H xed B ock Architecture (FBA support, was added i n
W ESA Rel ease 2.

Busi nesses nat needingtheful | range of ESAcapability canelect to
mgrate there gradual | y whil e usi ng t he 370 Accommodat i on Feat ur ef
W ESA Designed for use wth pre- ESAconput er systens | i ke t he 308X or
43XX Syst et 370 nodel s, the 370 Feat ur e provi des a “bi nodal QVB' com
ponent supporting 24-bit applications. Toinprove conpatibility of inter-
facesfor insta lingandnai nta ni ng programproduct s, the 370 Feat ure uses
thesaneinstal |/nai ntenance tool as the ESAenvi ronnent. It thus provi des
aninitia steptowardthe W ESAenvi ronnent (the ESA Featurg, wiichis
thestrategicfeaturefor all future enhancenentstoW (Notethat wth
W ESAVersion 2, discussed later inthis section, Q12 nol onger sup-
ports a 370 node vi rtual nachi ne. Renoval of native 370 support provi des
relief for storage constraints. The 370 Acconmodat i on Feature w || con-
tinuetoa lowQvbapplicationswittenfor 370 nachines torunin ESA
famly virtual nachi nes. The 611 Mgration UWility Feature has been
addedasanoptiod lyimsta leduilityfor appicationsthet arerestrictedto
runni ng i n 370 node vi rtual nachi nes and cannot be run under t he 370
Acconmodat i on Feat ure.)

The naj or conponents of VM ESAand thei r functions i ncl ude

« The Control Program(CP)nanages t he hardware el enent s of the
conput er systemand creates virtua nachi nes for users and appl i -
cati on prograns.

« The Conversational Mnitor System(OMB)s a singl e-user operat -
ing systemfor virtual nachi nes runni ng under (P

« The G oup Control System (GCSyranages virtual machi nes run-
ni ng Wisubsyst ens associ at ed wi t h SNA comuni cat i ons net -
wor Ks.

e APPC/VM Virtual Tel econmunications Access Method Support
(AVS) runs inavirtual nachi ne and provi des communi cati ons be-
tween Wappl i cati on prograns usi ng t he Advanced Programt o-
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Program(APPQ protocol over an SNA communi cat i ons net wor k
usi ng ACH VTAM

» Transparent Services Access Facility (TSAFuUns in a virtual
nachi ne and provi des conmuni cat i ons bet ween MMappl i cat i on pro-
grans usi ng t he Advanced Programt o- Program( APPQ pr ot ocol
over ahisync or channel -t o-channel conmuni cati ons network wt h-
out requiring the ACH VTAMsubsyst em

» Procedures Language VM REXKnt er prets and execut es progr ans
witteninthe Bhglish-|ike REstruct ured eX ended eXecut or (REXX)
progranmi ng | anguage. REXXis usedtowite customapplication
prograns or tobuildalist of coomands used to performvari ous
syst emt asks.

e OMBPipelines,integratedinto WIESAVersion1, Release 1.1, pro-
vi des a net hod of witing sinpl e, reusabl e prograns and connect -
ingthemsothat the output of oneprogram(or pipel inestage) isthe
input tothe next program(or pipelinestage). Theindi vi dud pipe-
l'i nes are i ndependent of one anot her and devi ce i ndependent, and
each does its own job w th no concern for where t he dat a cones
fromor whereit i s going. The output of one programcan be con-
nectedtotheinput of any ather. This function provi des a 15 percernt
to 300 percent i nprovenent i n productivity whenwiting REXX
gpicaios.

WihVersion2, Rl easel, Q\BH pel i nes provi des si X newst ages
and provi des assenl er nacros that performbasi c pi pel i ne func-
tionsand arethe buil di ng bl ocks for witing assenfl er stage com
nands. QVB pi pel i ne users can noww ite stages i n assenbl er
| anguages, and vendor products canprovide apipelineinterfaceto
their product.

e Virtual Machine Serviceability Enhancenents St aged/ Ext ended
(WBES'B)isanautomated tool for updatingtheinstallati onand
aoolyingservice It autonatica lybuldstheparts of the systemt hat
arethenost tine-consuningtobuildby hand. It isthesing einstd -
lationandservicetod acrossal MWESAre eases, adit a so sup-
ports the 370 Acconmodat i on Feat ure Product . |t eases verification
of systemlevel s, andit al | ows the systemprogrammer to“try out”
theinstalationtoseeif it iscorect beforeactud |y changingthe
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system Qiceinstallationis conpl ete, WEEY Eautonatical |y
updat es the SystemSoftvare i nventory, noti ngwhat rel ease and ser -
vicelevd o theoperatingsystemisinstdled

« The Dunp View ng Facilityallows a systemprogrammer to exam
i ne systemi nfornati on hel pful in di agnosi ng systempr obl ens.

The rest of this sectionlooks at howW ESA nanages S 390 com
puters. H gure 5. 25 shows one exanpl e of howMMESAVersion 1, Rel ease
1 nanages the central storage of an ES 9000 processor. As wththe ot her
operating systens, VMESAuses the virtual storage concept, wthmitipl e
2-@Bvi rtual address spaces, toexpandthe avai | abl e central storage sot hat
prograns percei ve a nuch | arger storage structure. The way i nwi ch W
ESAuses virtual storage, however, differs. The control program(@ com
ponent of VESAisloadedintothefirst sectionof virtual storage. Vilena
user signsontothe system (Pcreates avirtua nachinefor that user and
| cads an operating system Inour exanpl e, severa virtual nachines arerun
ni ng the VB operat i ng syst emand one vi rtual nachi nei s running the VSH
ESAoperating system Next, one or nore appl i cation prograns are | oaded
intoeachvirtua nachine. S ncethe VH ESAvirtual nachi ne provi des the
sane envi ronnent when runni ng on top of VM ESAas it does when run-
ning by itsel f, the VaH ESAvirtual nachi ne can run any VE appl i cation
progr am

As we have seeninour expl orati on of MS ESA the ESA 390 ar chi -
tectureintroduced expanded virtual storage structures. Rior tothe EBSA 390
architecture, virtual address spaces coul d not exceed 2 @B and sharing
i nfornati on between addr ess spaces was cunber sone.

ESA 390 addressed these two lintations wth dat a spaces whichare
avail abl e to appl i cati on prograns t hrough an access-regi ster addressing
schene. Inadditiontothe 2 @inanapplication s own address space,
aut hori zed appl i cat i on prograns can access the infornation storedin nany
dat a spaces—each of whichcanbeupto2 @insize. Further, adata space
can be shared by mul ti pl e appl i cati on prograns t hrough access-regi ster
addressi ngw thout relying onthe operating systemtointervene.

Inorder toexploit theseinprovenents, VMESAand t he ESA 390
architecture were nodi fiedto support dat a spaces and access-regi ster ad-
dressing. Inorder tonaintainconpatibilitywthcurrent QMapplication
prograns and t o provi de i nproved communi cati ons between vi rtual nachi nes,
| BVial so nodi fied QPtoexploit these features. Mre specifically, thevirtua
nachi nes creat ed by GPi n VM ESA can use a newvi rtual nachi ne ar chi t ec-
ture, calledthe Enterprise Systens Architecture/ Ext ended €muration
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Fi gure 5.25. Exanpl e of how VW ESA nanages the central storage of an EY 9000
Jorocessar.

(ESA/XQ). This newarchitecture buil ds onthe enhancenent s i nt r oduced
wththe BESA3%0 architectureto providevirtual nachinesthat support data
spaces and access-regi st er addressi ng w t hout conpromisi ng conpatibility
wth QvBapplication prograns.

Fgure 5.25 shows that each virtual nachine (that is, each address
space) isstill limtedtoanaxi numof 2@ Eachvirtua nachinerunsits
own copy of the QVB operating syst emand sone QVE appl i cati on pro-
gram | nmedi at el y behi nd the QVBvirtual nachi nes are t he dat a spaces
that ho ddataavail ad e (through access-reg ster addressi ng) for any aut ho-
rizedvirtua nachi ne(s). Because eachdataspaceisupto2@insize, the
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datastorage avail abl etoa QWb appl i cati on programi s vast |y expanded.
The access-regi ster addressi ng, depi cted as apipe, provi des apaththrough
whi ch aut hori zed QVE appl i cati on prograns shar e dat a and communi cat e
w t h one anot her .

Anot her way i n whi ch VW ESA encour ages sharing i nfornationis
throughthe Shared File SysteriSFS), introduced wththe VM SP product in
1988 Bfore S diskstoragevas split into mi ni di sksal | ocat edto specific
user s and nanaged by the VB operating systemrunninginthat user’svir-
tua nachi ne.

The nini di sk file systemhad several problens. Frst, amnidiskis
pernanent|y al locatedtoauser’ s virtual nachineandis reserved nonatter
how nuch di sk space t he user needs at any giventine. This wasted di sk
storagethat vas allocatedtoauser’ svirtua nachinebut not fully uilized
by that user. Another linntationwthmnid sksistha theydonat |endthem
sel ves t o bei ng shar ed by nore t han one user. SFSnoves the fil e nanage-
nent functiontoaseparatevirtua nachi ne, whi chacts as a server nanagi ng
the di sk storage used by al | QVBvirtual nachi nes. Each QvBvirtual na-
chine no | onger nanages i ts own di sk space. FSnai ntai ns a hi gh degr ee of
conpatibilitywththe o dninidiskfilesystenwhilenakingit nuch easi er
toshare QWbfil es kept indisk storage anong a group of aut hori zed users.
FSal so support s expanded storage, inprovingthe overal | 1/ Operfor nance
by keepi ng dat a hi gher i nthe storage hi erarchy (see Gapter 2).

W ESAnownat i vel y supports H xed B ock A chitecture (FBY DAI»
and 3995 (pti cal Library Dataserver Mbdel 151, whi ch emul at es t he 3390
nodel geonetry (see Qhapter 4). It supports 3995 Mdel s 131 and 132 for
Wguest s. DFSVE Wi nt roduces nat i ve VM ESA support for the 3495,
and the Goncurrent Gopy Ext ended Functi on of the 3990 Mbdel 3 DASD
ntral can be used by Wiguest systens that support thi s extended f unc-
tion. W ESAal so supports the Nway architecture of sone § 390 conput -
as

W ESA al so supports ESGON I/ Ochannel s and t he ESOCON Mil -
tiplelnage Facility (EMP). Wlen WM ESArunsinalogical partition, it
utilizes BMFto share ESONphysi cal channel paths wth operating sys-
tensruninginaher logca partitions.

WM ESA suppor t s subsyst emst orage protectionto hel p nai ntai n data
integrity for subsystens, |ike dCY ESAon an MS ESAor VIH ESAguest.
I't al sosupports the Asynchronous Pageout Facility, thein-storage pagi ng
capabi lity for denand pagi ng envi ronnent s such as nuneri ¢ i nt ensi ve com
puti ng.

Qe of thefeatures of the rack- nount ed ES 9000 processors that nakes
themwel | suitedtorenote unattended operationsis the progranmed pover -
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of f capability. VM ESA added a PONRCFF opti on to t he SHUTDOM
command so t hat syst emshut down coul d be initiated fromarenot e | oca-
tim

In 1994 | BMannounced VM ESA Version 1, Release 2.2 with
i mprovenent s i n basi ¢ functions, systens nanagenent, guest systemsup-
port, and hardware support. The i nproved functi ons i ncl ude an aut onat ed
common access toal (MMLINK) for increasi ng user productivity, aperfor-
nance boost and added fl exi bility for cachi ng Qb and guest mini di sks, and
a newLGENBY functiontoinprove security. Hardware support covers
thefu | range of ES 9000 processors i ncl udi ng t he new9221 211- based nodel s
and t he 9021 9X2 10-way processor. A“DO stributed W capabi l ity en-
abl es MMIs support of paral el conputi ng. Guest systemsupport i s enhanced
W th support of the Asynchronous Data Mver and t he Subspace G oup,
two newES' 9000 architecturefaci liti es. Ehhanced dat a-i n-nenory t echni ques
i nprove guest response tine and el apsed bat ch ti ne by up t o 50%f or any
Wguest and up t o 60%when usi ng m ni di sk cachi ng. Syst emnanage-
nent enhancenent s i ncl ude a new SPXTAPE command t hat speeds t he spool
backup process by upto 10 ti nes. Al so, the systemcan “cap” processor
resour ces consuned by a user and di stri but e excess processor resour ces pro-
portiona ly. Installationand service processes arefurther autonat ed, reduc-
i ng W ESA syst emnai nt enance cost s.

VM ESA Version 2

Announced i n June 1995, \Versi on 2, Rel ease 1 provi des signi ficant func-
tional enhancenents to the Woperati hg envi ronnent, i ncl udi ng provi -
sions for Qpenkdition for VM ESfdescribed | ater). Systens nanagenent,
portabilityandinteroperability of applications anongdifferent platforns,
dynamnc configurabi lity, dstributedclient/server capability, andadd ti ondl
features sinplifying user access t o Wand non-\MMresources al | are apart

of the newversion.

Thi s versi on of VM ESA provi des support for the newS 390 Paral | el
Eterprise Server nodel s, discussedindetail inCapter 3. Qher hardvare
supportedinthis versionincludes the 9032 Mdel 003 ESOND rector,
whi ch provi des channel connectivity using fiber optics and t he ESON
architecturefor al| ESCN capabl e | BMprocessors and control units. Sup-
port for peer-to-peer renote copy (PPR@apability for DASD(di scussedin
Chapter 4) attachedto 3990 Mdel 6 Sorage Gntra lersisinthisrel ease.
FFRCprovi des suppart for di saster recovery scenarios, critica dataprotec-
tion, and vol une-t o-vol une dat a novenent for Wsyst ens.
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Support for the new QOpen Systens Adapter (OSAfeature enabl es
W ESAtoprovidefull yintegrated native open-systens connectivityto
Bhernet, token-ring, and Hber Dstributed Catalnterface (FCO) LANs.
Through CBA Syst ens Networ k Archi t ect ur e/ Advanced Peer-t o- Peer Net -
vor ki ng (SNY APPN and Transnmaissi on Gontrol Arotocol /I nt ernet B ot ocol
(TP host processor and server applications gai ndirect access to LAN
connect ed S\ AFPNland TR | Pclients. This direct connectivity to open
systens LANi nt erf aces nakes t he use of S 390 host resources nore effi -
cient. The CFAfeature offersintegrated i ndust ry-standard LANconnecti v-
ity inaheterogeneous, nultivendor environnent. VSH ESA envi ronnent s
can access the § 390 CGBAwhen operat i ng as a guest of VM ESA \ersi on 2,
R easel

Aut ormat i ¢ conpr essi on and expansi on of VSAMdat a al | ows VSAM
cust oners t o save space on DASD. The aut onati ¢ support i n Version
2, Release listransparent to users who can define certa ntypes of VGAM
cl usters as conpressed. VIH VSAMf or Waut onat i cal | y conpr esses and
expands user datawhenit i s accessed. Qb and GCSusers can read and
witetothe conpressedfiles. This support autonatically exploits the
EY 9000 har dwar e conpressionfeature, if present, tofurther i nprove per-
f or nance.

Dynanic partitioning a | ows devices suchastapeunitstobeserialy
shared anong mul ti pl e host s vi a conmands i ssued by t he shari ng host. \er-
sion 2, Rl ease 1 permits these devi ces to be assi gned t o t he MWhost when
they arebrought ontline. Thisinpovesflexibilityfor dynamc partitioning
over theearlier process, wiichrequiredvai tingfor adevicetobe attached
toaguest systembeforeassigningit toahost system

The Gontrol Program(@) in W ESAVersi on 2, Rel ease 1 becones
nor e confi gurabl e. The I/ Oconfigurati onfor VM ESAand an § 390 pr oces-
sor can nowbe al tered w t hout requi ri ng shut down and power - on reset of
the system Channel paths, control units, and 1/ Odevi ces can be added,
nodi fied, or del etedwthinthe running system Hardware configuration
changes can be nade for an enti re Syst ent 390 processor, even when W
ERAisruninginalogca partition

For end users, WIESA\ersion 2, Rel ease 1 provi des a newMVIgr aphi -
ca user interface (QJ) facility, enablinghost-resident gpdicati onstocom
binethe efficiency of 3270termnal enul ati onwth the poner of anodern
graphi cal user interface. Through the use of a newprogrammng AH, W
appl i cations can speci fy nost el enents of a Gnmon Wser Access (QA) —
conpliant interfacewhencreatinganenduser interface. This A interacts
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W t h code on t he wor kst ati on, known as t he VWVWérkstation Agent, to
dspaytheinerfacetotheenduser. It, intun, translatesthe AH requests
fromWinto the appropriate native workstation requests. The VMG
Al isanobject-oriented AH that canbe call ed fromprocedural or obj ect-
orientedlanguages. Initialy, it wll support G52 over TR I Por SNALU
6.2, Mcrosoft Wndows over TGP I P, and A Xover TG I P.

LAN Resour ce Ext ensi on and Servi ces (LANRES) and the LANF | e
Servi ce/ ESAprovi de Net Vdre and G5 2 LANServer envi ronnents wthtrans-
parent access to VW ESA st or age resour ces. LANRES provi des di sk and
print servingand central admnistrationfor NetVdre LANs. This feature
provi des an G5 2-conpati bl e fil e systemon W ESAt hat works i n conj unc-
tionwth G5 2 LANServer on the workstati on. These product s were cov-
eredingreater detail inthe discussionof WS ESAVersionb.

LANRES and LANFH | e Services areintegrated i nto VM ESA \er si on
2, Rdeaselasno-chargefeatures. They are avail adl e as charged, standdl one
product s (5684- 142 for LANRES and 5648-039 for LANF | e Server) for
users of VMESAMVersionl, Rlease2 2or earlier. Al further enhancenents
wll beinplenented onthe \Version 2, Rl ease 1features.

Qher prograns that extend the functi on of VMESAand their rol es
incl ude

¢ Advanced Conmuni cati ons Function/Virtual Tel econmuni cations

Access Met hod ( ACF/ VTAM( 5684- 095), di scussed i n Chapter 6,
nanages t he conmoni cati ons traffic associ atedwthternind s, print-
ers, and SystemNetwork Architecture (S\W) conmuni cati ons net -
vor ks.

e Transm ssion Control Protocol/Internet Protocol (TCP/IP) for VM

(5735-FAL) al | ows VMuser s t o conmuni cate and i nteroperate wth
other systens i nanul ti vendor network usi ng the TGP | P pr ot ocol
set. Aicationsincludesendngnail, trasferringfiles, | ogg ngon
toarenote host, and usi ng ot her network and cl i ent server func-
tions. Oflcadingisafeatureof T IPWersion?2, Release2for
W It provi des end-user transparent parall e processi ng on achan
nel - connect ed | BMI3172 | nt er connect Gontrol | er Mdel 1 (di scussed
inCGapter 6). Wththe of f-1 oad feature, Wprocessor cycl es re-
quired for TAY | P conmuni cat i ons are reduced, thereby of fering
nor e conput i ng power to ot her VW based users and appl i cat i ons.
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Renmot e Spool i ng Conmuni cati ons Subsystem ( RSCSgr si on 3,
Rel ease 2(5664-188) supports 31-hit addressing, enablingit touse

st orage above the 16 MBIl i ne. Renovi ng thi s storage constrai nt

al | ows you to expand your network to nany additional |inkswth-

out addi ng the conpl exity of additi onal servers. This versional so
enhances access tothe Internet. TG I Pline drivers nowal | owR3CS
tousea TG I Pnetwork. Inadditiontothe exchange of Enail,
availableinVersion3, Rdeasel 1, print filesfromthe RECSnet -

work canberoutedtoline printer daenons for distributi on any-
whereinthelnternet Rrotocol (1P Network. Anewline printer
driver provides support for FostSript print files, and anewASd |
printer driver provi des accessto ASQ1 print devi ces connected vi a
THIP Fo filetransfer netvorkingflexi bility, RECStransnits Net -
work Job Entry (NJEdat a packets usi ng TG® | Pas atransfer ne-
dium Qurrently supported SNA connecti ons conti nue to be

support ed.

Di rectory Maintenance (DirMint) Version 1, Rel eas@rovi des
serviceandinstal lationinWES Efornat toi nprove serviceabil -

ity and nai ntai nability. Menu enhancenents, DASD nanagenent
enhancenents, Shared F | e Systemsupport, XAexpl oitati on, and
constraint relief provi de added val uetothe systemadnni strator.

» VSE/ VSAMfor VNhas originally the access nethod for the VSE

operating system It i s noww del y accepted by Wiusers andi s a
prerequisite for sone MWproducts. It isdesignedtooperatewth
di rect access devi ces andtosupport bothd rect and sequentia pro-
cessing. Version 6, Release 1s extracted fromVSH ESAGentral
Functions Versi on 6, Rel ease 1, a base programof VSH ESA\ersi on
2, Release 1. It supports har dvar e assi st ed dat a conpr essi on and
expansi on for VSAMdat a set s on nati ve Vand Wguest s. You
can sel ect which datasetstostore and hol din nenory as com
pressed dat a set s and whi ch dat a set s shoul d renai n expanded. Thi s
provi des signi ficant reducti onsinrequ redd sk space, reduces chan
nel traffic, andstores noredatarecordswthina4- @Bfile. VH
VSAMfor Wial so further expl oi ts 31-bit addressi ng by novi ng
control bl ocks abovethe 16-MBline. Software emul ati onto com
press or expand datais of feredinWESAIif no hardware assi s-
tareisavaldle
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VM ESA in an Open Systens Environnent (VM ESA OpenEdition)

The VM ESA OpenEditionis apart of VMESAVersion 2, Rel ease 1. Wth
this function, Wexpands its interoperability wththe Qoen Software
Foundation's (8 s) D stributed Gnput i ng Ewvi ronnent (DE). Thi s per-
mts VWESAsystens toparticipateinDEcel | swthother DX conpli ant
systens, including MS ESA Al X/ 6000, and non-1 BMUN X syst ens.
W ESA (penkdi tiona soincreases the portability of applicationstoand
fromW ESAt hr ough support of key | BEEE Port abl e Qper ati ng Syst eml n-
terface (RCH X) standar ds—2003. 1 Systeml nt erf aces, 1003. 1a Ext ensi ons,
1003. 1c Threads, and t he spawn() subset of 1003. 1d—provi di ng conmon
systemand user interfaces for appli cati on devel opnent .

W ESA Versi on 2 supports the | BEE PCH X 1003. 1 st andar d t hat
def i nes the base operati ng syst emi nt erf aces and an envi ronnent for appl i ca-
tionprograns witteninthe Clanguage. PCH X1003. 1 descri bes Cl an-
guage functions that anappl i cati on progranmer encodes to obtai n servi ces
fromt he base operating system W ESA Versi on 2 i ncl udes the @ 370
Li brary conponent and t he Gonmon Execution Library (CE) interface
fromt he Language Envi ronnent for MSand WI(di scussedearlier inthis
cheter).

W ESAprovides afull inplementati on of PCH X1003. 1wththe
exceptionof inpl enenting the spawn() functioninplaceadf thefork() func-
tion(dfferent nethods toenad ethe propagati onof noi tithreaded processes).
The spawn() function provi des afast, | owoverhead nechani smf or creating
a newPCH X process to run a newprogram Process control and envi ron-
nents, filesanddirectory functions, and access tothe dat abases are sup-
ported by PCH X 1003. 1 f uncti ons.

Awongthosefunctionsisthebytefilesystem arepository that has a
set of admni stration coomands and utilitiesthat i s conmon across PCH X
conforning systens. Support for thisfilesystemis providedwththe QWb
Shared F 1 e System( S, whi ch supports byte fil es and exi sting QWbrecord
file datawth common admini stration tasks and syst emnanaged st or age.
The SSbhytefilesystemal soal | ovs references fromthe byte fil e systemto
FSrecordfilesandtovEmnidiskfiles. This permits RCH Xappl i cations
toaccesstraditional QBfileswthout perforning data conversion. Existing
datacanbe portedtoawderange of platforns.

In VW ESA QpenEdi tion, prograns are (M5 files. These canre -
sideonmnidisks, inSS or inthe QuenEdition Byte H e System(BFS).
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Wien a nodul e i s on an accessed nini di sk or SFSdirectory, it can be
executed | i ke any other QVBnodul e. Wenit residesinBFS it can be
executed throughthe “shel |7 (di scussed |l ater) or through QMG

PCSI X- conpl i ant appl i cati ons can be ported to VM ESA
renedition wthlittlereworkingaslongasthey strictly conformtothe
PCH Xstandards; that is, theyissuenosystemcal | s other thanthosei denti -
fiedinthose standards. Qvba | ows anappl i cationtoi ssue both RCH Xand
non-RFCH Xcal |s, wthQvBdefiningtheru esfor theinteracti onof thetw
desss.

W ESA penEdition al sosupports secure fil e access. Authorizati on
for fileaccessisvalidated by checki ngthe RCH Xsecurity val ues of there-
quester agai nst thosepermittedtoaccessthefile Aexternd securityinter-
faceisprovidedfor thosewshingtohave anexterna security nanager, such
as RAC-for W to provi de the PO X group and user dat abase i nf or na-
tion, adtoauxhorize accesstoit.

W ESA penEditi on provides support for  sockets a protocol for
client/server conmuni cati on. Sockets are appl i cati onprogranming i nt erf aces
toT IPtoal lowinteroperability. In W ESA penEdi tion the sockets
areaset of Clanguage functionsthat correspond cl osel y tothe socket s used
by LN Xappl i cati ons. The sockets AR provi des support for boththe LN X
donai n sockets, whi ch al | owconmuni cat i on anong processes on a singl e
system and | nt er net - donai n sockets, which al | owapplicationprogransto
conmuni cat e w th ot hers i nt he networ k.

The VM ESA QpenEdi tionShell and Wilities Featurprovides tools
to support application devel opnent tasks and porting of PCH Xappl i ca-
tions. Thispricedfeature defi nes astandardi nterface and erwvi ronnent for
application prograns that require the services of ashell conmand | anguage
interpreter and aset of conmon utility prograns.

The PCH X 1003. 2 shel | is aconmand i nterpreter that accepts com
nands definedinthat standard. For sone conmand requests, the shell calls
oher prograns, caleduilities. Theshd | anduilitiesprogans arefamliar
to UN X syst emprogrammers. Appl i cati on programmers on VM ESA can
devel op appl i cati on sal uti ons previously appli cabl e to ot her FCH Xconpl i -
ant systens. Thisfunctionw!| give Musersthefeel of usingaWN Xsys-
temfor PCH Xbased appl i cati ons.

By early 1996, the | BMQpenEdi ti on O stri but ed Gonputi ng Envi -
ronnent (DE) for VMESAwW | | be avai | abl e (rel eased i n st ages covering
PCH X the DEfeature, and OB GJ and GJ ARl). CF s DEis al ayer
of software between the operating system network, and the distributed
application. For applicationdevel opers, it nasks the conpl exity of the net-
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work and di fferent systemar chitectures whenwiting and depl oyi ng open
dstributedor client/server goplications. Wththisfeature, progranmers can
devel op appli cations onany pl at f ormsupporting the DEarchitecture, and
those appli cati ons, usingthe WIDESservi ces, caninteroperatewth ot her
DE conpl i ant systens. Dat a can be shared t hrough t he direct ory servi ce
w t h anyone el se aut hori zed i n the system Wth the addi ti on of these D(E
features, WIESAintegrates wth IBVIs Qpen B ueprint D stributed Ser-
vi ces (d scussed i n Gepter 2).

Thisfunctionw|| enable WIESAtoparticipateinaDEQI | andto
support DCE Renot e Frocedure Gl | (RRQ —based cl i ent and server appl i ca-
tions. RCprovides afacilityfor calingaprocedre onarenate systemes i f
it wereonalocal system providing progranmers wth several poverful tods
tobuildclient/server applications. RRChandl es al | communi cati ons code,
error hand i ng, and dat a conversi ons transparent!y, substantial |y reduci ng
thetinerequiredtocodead stributed applicationaswel |l asthe anount of
coderequiredfor that application. It generates codethat transforns proce
dure cal I sintonetwork nessages and vi ce versa. RRCservices nask thedif-
ferences between data representati ons on different nachi nes, al | ow ng
prograns t o wor k across het er ogeneous syst ens.

The DIECGH | Drectory Service (@ client provides accesstothe
DE OS5 server on anot her systeminthe DCECel|. Wsers canidentify
resour ces such as RRG based servers, files, or print queues by nane and gai n
access to themw t hout needingto knowtheir locationinthe network. The
DECI| andthetransmssion of datais protected by the DCEsecurity
serviceclient, which provides the AH toaccess the DESecurity server on
anot her systeminthe DCEGelI. DCE appl i cations can run on VMw th
access tofunctions provi ded by the DEESsecwrity servi ce, incl ud ng user reg
istration, authorization, andauthentication. Thi s confi nation provi des a
cross-vendor, cross-plafarmsecrity capebility.

Withthe DCEThreads AH, DEapplications canexpl oit nul titaski ng
i nthe DZEenvi ronnent. The DCE Threads servi ce al | ows a user to create
and contra nui ti pl ethreads of executi onwthinasing e process.

VSE/ ESA

The M rtual S orage Extended/ Ent erpri se SystemAr chi tecture (VSH E3A)
operating systemisusedprinarilyinsnal | tond-sized S 39 conput ers.
The easi est way to under stand t he envi ronnent that VS5 ESAcreates wthin
S 30 conputersistoreviewitshistory.
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Di sk Operating System ( DOS)

VX ESAI s the descendant of the D sk Qperati ng Systent360 (D09, intro-
duced in 1965 for usewththe snal | er nodel s of the Syst eni 360 nai nf r ane
conputer famly. FH gure 5. 26 shows howDC5 organi zed the central storage
of aSystemi360 conputer i ntofour regions call ed partitions DOBitse f vas
| caded fromd sk storageintothefirst partition. Thenext partition, |abel ed
“Batch#1” inthefigure, was usedto execute asingl e batch application
program Earlier, we sawthat batchjobsinthe System 360 days vere typi-
cal ly submttedtothe conputer by pl aci ng a stack of conput er punch cards
intoacardreader, wichwou dtransfer theinfornation(that is, thebatch
jobinstructions) intothe conputer. System 360 bat ch appl i cati on prograns
usua |y presentedtheir resutsintheformof aprintedreport.

Initialy, Do5supportedonly onebatchpartition Later, hovever, the
other two batchpartitions shominthefigurewereaddedtoal | owthe Sys-
temi 360 conput er t o execut e up to three bat ch prograns si nul t aneousl y
(narking the beginning of  multiapplicatiorsupport, which al | owed t he Sys-
tem360tohand eagroup of batchjobs nore efficiently).

Hover ez m v Feardwmra
nselad in Spsemf2E0
was organized by DTS

ralled T
Sorage Batch 2
L Y
Batch ¥2
Betch $1
DS
omeE -
Candral Sorage

*Maximum cenval Fomge varied based on e expanson capabiifes
of thee particular Sypstem CS0 processor unit model of nierest

Figure 5.26. DBdividedthe central storage of Systent360 conputersinto four
petitias
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Di sk Operating Systeni Virtual

St or age (DOS/ VS)

The next eval uti onary step after DCBwas the D sk (perati ng Syst eniM rt ual
Sorage (DY VS operating system introducedin 1972 for the Syst emt 370
famly of conputers. It vesa soaroundthistinethat interactive processi ng,
i nwhi ch users have adirect dia ogwth aconputer programt hrough a vor k-
station, was catchingon. As nore and | arger bat ch prograns wer e devel oped
and the workl oad of interactive usersincreased, sod dthe needfor nore
central storage—avery expensi ve commodity at thistine
Anaj or enhancenent nade i n DO5/ VSto hel prelieve the central
st orage squeeze vas support for virtual storage (describedinGapter 3), an
i npl enentationinthe operating systemt hat nakes a conput er syst emseem
tohave nore central storagethanit actual |y does. Inthe DC5envi ronnent,
conput er progranmer s and user s had t o concer n t hensel ves w t h t he physi -
cal anount of central storage avail abl e onthe conput er systemthat t hey
vereusing. Oeadl of theinsta ledcentra storagewvasinuse, the conputer
systemsinply cod dnat start anyadd tiond activities (batchor interactive).
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Figure 5.27. DY VSusedvirtua storagetechniquesto“stretch’ central storage.
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The virtual storage techni queintroduced wth D35 VS provi ded a neans
for the operating systemt o nanage the storage hierarchy sothat central
storage seened “l arger thanlife,” relievingusers of thi s concern.

H gure 5. 27 shows how DO5 VS nanaged a Syst end 370 processor’ s
central storage. DOY VScoul d nanage upto 8 MBof central storage physi -
calyinstaledinthe System 370 processor (event hough no Syst emi370 noddl s
vere yet avai |l abl e to provide that nuch). D35 VSt ook what ever central
storagevesinstdledand, usingthevirtua storagetechn que, “stretchedit”
toappear tobe 16 MBinsi ze. The 16 MBof virtual storage vas then di vi ded
intoindependent partitions|ikethose of the DC5envi ronnent.

However, D05 VScoul d support uptofive sinl taneousl y acti ve par-
titions, eachof wiichcoudbeusedtoruneither abatchor aninteractive
appl i cati onprogramfor the users. (Owe partitioncoul d be usedto execute
aninteractiveappicationprogramthat woul d si nul t aneousl y serve t he needs
of mitipleusers.) Again, weseeinthefiguwethat DO5\Sitsel f is|oaded
intothefirst part of virtud starage

Anot her di fference between D35 and DOF VSi s the i ntroducti on of
the shared areaseeninour figureat thetopof virtual storage. I|n D5
appl i cation prograns and data i none partition coul d not be used by
(accessed by) the prograns of any other partition. This neant that each par-
titionto performcommon functions such as printing and conmuni cat i ng
over networks hadtoloadits own copy of the prograns and dat a needed by
al partitions. Hwingidentica copiesof thesaneprograns anddataineach
partitionwastedvirtual storage, wichwas qui ckly becomngacritica
resource. DY VS s shared area provi ded a pl ace to put one copy of the
prograns and datathat coul d be shared by al | partitions, saving spacein
eechpartition

In 1979, an i nproved version of DO VScal |l ed D sk Qperati ng Sys-
tem Virtual Storage Extended (DOS/ VSEas i nt roduced. DO VSE coul d
support upto 16 MBof central storageandupto 12 partitions.

Virtual Storage Extended/ Syst emPackage (VSE/ SP)

The next evol uti onary step after DOF VEcane in 1983w ththe i ntroduc-
tionof Virtual Storage Extended/ SystemPackage (VSE SPEven t hough
theletters “D35’ were dropped fromt he nane, VSH SPwas an enhanced
version of DO VE \ersion 2 of VSH SPwas i ntroduced i n 1985.
Wth\ersion2, VH P hegantodfferentiateitsel f fromthe ot her
operating systens wth key advances insystens integration. Rrior to 1985
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each of the operating systens had used t he Installation Productivity Qption
(IPO and, later, the Systemlnstallation Productivity Option (Sl Pa} a
neans of sinplifyinginstallaionaf thebesi coperatingsystem Athoughthe
instalationoptions provi dedthe necessary softvare onasing etape (thet is,
thesoftvareves “physica lyintegrated’), theyprovidedlittl eassi stancein

adnnni st eri ng day-to-day operati ons.

With VEH SP\ersion 2, the physical |y i nt egrat ed sof t vare conponent s
weredso“logicalyintegrated ” Qethe predefinedinstal l ati onrouti nes
conpl eted the basi cinstal | ati on (whi chtypically took no nore t han two
hours), aspecid |y desi ged, user-arientedd a og steppedthe gperator through
theremaininginstal |l ati ontasks. Qubsequently, the di al og concept was
extendedtoassi st adninistratorsindeal i ngwthtasks such as addi ng users
tothe system nanagi ng t he spoal er queues, adnini stering VoMMdatafil es,
tail ori ng subsystens, addi ng newhar dware, and noni t ori ng syst emperfor-
nance.

Asecond enhancenent that sinplified VH SPoperati ons cane t hrough
the Fast Service Upgrade (FSUeature. FUal so uses a di al og t o assi st
operatorsinrepl aci ng systemcode on a product i on systemw t hout di st urb-

i ng the busi ness appli cationcode. Arior tobe ng nade avai | adl e t o cust om
ers, each FSUwas servi ced and systemtested by | aborat ory experts. Ritting
the FRJonthe systemrequi redrepopu atingexi stinglibraries and datastruc-
turesrather thanrecreatingthem asareinstal lati onwou drequire. Wth
enhancenent s, FSUbecane t he node of operation for novi ng fromone
rel ease of V@Etoanother. Withthe advent of 31-bit addressi ngin V¥ EA
\ersionl, Release 3 (describedlater), the FSJconcept vas furt her expanded
tosupport upgrades to newversi ons as vel | as rel ease-to-rel ease upgr ades.

H gure 5. 28 shows howVSH SP (\ersi on 3. 2) handl ed Syst et 370 cen-
tral storage. Li ke DO VEE VH SPsupports upto 16 MBof central stor-
age. Hwvever, VH Pstretched what ever central storagevasinstalledinto
128 MBof virtual storage (theorigina VSH SPsupported 40 MBof vi rtual
storage). But sincethevirtua addressvas kept at 24bitsinlengthtopre
serve conpatibility wth DO§ VSE appl i cati on prograns, why wasn’t
VSE/ SPlinitedto 16 MB(2 “ bytes =16 MB) of virtual storage, as
DOS/ VSE was?

The answer liesinthe Virtual Addressability Extensions (VAEga-
tureintroducedwth VH . VAEal | ons VSH SPto define nul ti pl e 16-MB
virtual address spaceseachidentical tothesing e 16-MBvirtual address
space provi ded by D5 VE Early versi ons of VSH SPsupporteduptothree
virtua address spaces, wereasthel atest versi on supported up to ni ne spaces,
asshowninthefigure.
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Figure 5.28. VH SPcreated mil tipl e virtual address spaces.

Havi ng mul ti pl e addr ess spaces provi ded a nuch- needed expansi on
of virtual storagewthout |osingconpetibilitywthexistingapdicaionpro
grans. Mrevirtual storage neant the VIH SP syst emcoul d handl e nor e
and | arger batchandinteractivejobs. Further, the separat e address spaces
provided al ayer of protectiveinsul aionbetweenthe application prograns
o usersind fferent address spaces, helpingtoprevent theactivitiesinone
addr ess space fromi nadvertently disruptingthe activitiesinthe others.
Despitethisadvance, VH Pves still limtedtoatad of 12 partitions (one
applicati onprogramper partition) acrossal virtua address spaces.

Wil e the i nteraddress spacei sol ati on afforded by VAE s mul ti pl e
address spaces had advantages, it asonadeit nored fficut for the pro-
grans or usersin one address spaceto share datawth prograns or usersin
anot her address space. It vas possiblefor twoapplicationprogransindif-
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ferent address spacestosharedataresidinginthe“shared area’ at thetop
of virtual storage. Thetroubl e vas, the shared areawas a ready growngto
hol d t he nany ot her t hi ngs needed by al | address spaces. The | arger the
sharedareagrew the snal | er the privat e area had t o becone.

For this reason, the Qoss-Partition Communication Control (XPCQ)
was built into VSH SP. Wth XPGG the application prograns i n separate
addr ess spaces wshingto share datahad first toask VdH St o use XR3Cto
bui | d a connect i on bet ween them Thi s connecti onwoul d effectivel y buil da
path (viathe operating system betweenthe two applicationprograns al -
| ow ng t hemt o share dat a w t hout taki ng up roomi nt he shared area of
virtual storage. An exanpl e of such a path, between address space #3 and
address space #3, i s showninHgure 5. 28,

Virtual Storage Extended/ Enterprise SystemArchitecture (VSE ESA)
Version 1

Mrtua Sorage Extended Bterprise SystemAchitecture (VH ESA \ersion
lwasintroducedwththe S 390 famly of conputers in Septenier 1990.
H gure 5. 29 shows howVSH ESA Ver si on 1 handl es an § 390 processor’ s
central storage. FHrst, the naxi numcentra storage si ze has been i ncreased
to2@BinVEHESA(a3l-bit real address =2"bytes, or 2@. Thisisin
keepingwththe general ESA 390 strategy of i nprovi ng overal | syst emper -
for nance by keepi ng prograns and data as hi ghinthe storage hi erarchy as
possi bl e. However, in VEHESAMersion 1, Releases 1 and 2, central storage
islimtedtoasizeof 334 MB VH ESAstret ches what ever anount of cen-
tral storagethereisintoavirtua storage size of upto 32 @ spread over
nul ti pl e addr ess spaces of 16 MBeach.

VH ESAstill supportsthe sane 12 partitions as VI SPinorder to
preserve conpatibilitywthearlier applicationprograns. Hwvever, ViH ESA
getspast the 12-partitionbarrier throughits support of anewki nd of perti -
tion, calleda dynamic partitionDynamc partitions areautonatically cre-
at ed when an appl i cation programis startedinthat partition and
autonati cal |y del et ed when the appli cati on programi s termnated. 1norder
todfferetiae theaignd 12 partitiosaecdled static partiti ondecause
they aredefined duringinstal l ati on and cannot be changed “onthefly.”

The designof the V&2 ESAoperati ngsystemissuchthet it cantheo reti-
cal ly support up to 200 i ndependent appl i cation prograns i n 200 dy -
namc partitions. This theoretical naxi numi s |ikely to be reduced when
constrai ned by processor speed, systemconfiguration, and applicationpro-

g ancharacteri stics. Each dynannc pertitionresidesinits omn address space.
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Figure 5.29. VSH ESAhand es nore central storage and nore virtual storage than
earlier versi ons andi ntroduces dynannc perti ti ons.

The support for nore central storage, nore virtual storage, and
dynamc partitions al | ons VH ESAto execut e nore and | arger appl i ca-
tion prograns than any of its predecessors. Mre si nul taneousl y acti ve
users and appl i cation prograns typi cal |y neans a greater need t o share
dat a bet ween appl i cati on prograns. Qe way to neet this need, as we
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have seen, is throughtheshared areaof virtua storage. Hwever, asthe
a ready sizabl e shared area of virtual storagegrovs, it takes avay virtud
st orage space needed by the appl i cati onprograns i nprivate partiti ons. Wth
200 active appl i cation prograns, the shared area qui ckly squeezes out the
very applicationprograns it istheretoserve. Athoughthe Goss Partition
Qormuni cati on Gontrol (XPA) function al | ows two appl i cati on prograns
indfferent address spaces to shareinfornationwthout consuning any of
thesharedvirtua storageares, it nost effect thissharingthroughoperating
systemfunctions (that is, through softvare).

As the need for dat a shari ng acr oss addr ess spaces i ncreases, so does
theneedfor anoreefficient (that is, hardvare-based) sd uti onthat does not
limt the perfornance of the conputer system For this reason, anewneans
of sharing data between application prograns i ndifferent address spaces
was desi gned i nto t he ESA 370 and ESA 390 ar chitect ures, nanal vy, access-
regi ster addressi ngWthaccess-reg ster addressi ng, the dynannc address trans-
| aionprocess describedinCGepter 3isnodifiedsothat the access reg ster,
rather thanthe baseregi ster, isusedtocowert fromtherea tothevirtud
address. That is, anapplicationprogram through access-regi ster address-
ing, efficientlyusesdatathat residesinanather address space. Thisall ons
anapplicati onprogramto share data efficiently wthother applicationpro
grans i n as nany as 15 ot her address spaces (even nor e by rel oadi ng t he
aosssrey ste).

Access-regi ster addressi ngwas i npl enentedinall §390 conput ers
and i n t he VSE/ ESA oper ati ng system Al t hough VSE/ ESA runs on
Systemi370- based processor units, it cannot use access-regi ster addressing
on t hembecause t hey do not have t he necessary hardwar e support.
VSH ESA therefore, resorts toasl oner, software-based nethod for data
shari ng anong di fferent address spaces i n Syst emi 370- based processor units.
Exanpl e pat hs provi ded by access-regi ster addressi ng are showninFgure
530

VSH ESA Versi on 1 support s the Dynanmic Channel Subsyst em whi ch
provi des for dynanic channel pat h sel ecti on and dynamc pat h reconnect i on
for noreefficient 1/Q Wpto256channel's, 16tinesthe previous |int, and
uptoeight pathstoasing e devi ce are support ed.

VSE/ ESA Version 1 Rel ease 3 (ViIR3)ntroduced 31-bit virtual
addressi ng and ESA 390 dat a spaces, greatly i ncreasi ng the anount of vir-
tual storage avail abl einthe VEH ESAenvi ronnent. The basi ¢ struct ure of
static and dynamc partitions renai nsthe sane (12 static partitionsin 12
addr ess spaces, pl us upto 200 dynamic partitions eachinits own address
space), but the size of address space has i ncreased from16 MBof virt ual
storageto2@ al128-fodincrease.
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Figure 5.30. VSHESAMWersion 1, Rel ease 3 supports 31-bit addressi ng and ESA
390 dat a spaces.

Thi s i ncreased anount of virtual storage provides opportunity to
relievevirtua storage constraintsthat had devel opedinthe 16- MBaddr ess
space. Functions providing constraint relief by reduci ng shared st orage
requi renents bel ow16 MBvirtual include ACH VTAM whi ch has been
noved fromshared storage to a pri vat e addr ess space, and VSH POR
whi ch can be noved fromshared storage i f additi onal privat e address space
roomi s requi red by anappl i cati on.

Thenewvirtua storagestructureisshominF gure5 30 Mrtud stor-
ageisdividedinto areas bel owand above 16 MBvirtual . The VGE Supervi -
sor, asharedarea, and private space renai nbel owl6 MB j ust asinthe past
rel eases. This provi des conpatibility for applicationsthat runin24-bit
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addressi ng node. Notethat the shared areais nowcal l edthe 24-bit shared
area Theareafroml6 MBupto2 @containsa3l-bit private space and a

31-bit shared area. Many applications do not need a 2- B addr ess space.

AR paraneter alows theprivate areasi zeto be defi ned.

Anewtype of virtual space, calleda  data space canbedefinedupto
2@insize It isdfferent froman address space because no code executi on
ispossibefromthisvirtud spece it vesdesignedtohd ddataony. Axpica
tions wittenwththe newH gh Level Assenil er can access the datawthin
thedataspace at thebytelevel. Theinfornati onhel dinthese spacesis
accessed throughanew access regi ster defi ned by the ESA 390 architecture.

VH ESA VIR i ncreased t he anount of central storage supported
from384 MBto 2 B VSEH ESAspreads the 12 static and up t o 200 dy-
namc partitions pl us data spaces i nt o what ever anount of central stor-
ageisattachedtothe processor.

VEH EAenhanced performance wtha  virtual disk wichallows data
that ot herw se woul d be st ored on a DASDt o resi de i n ESAl 390 dat a spaces
incentral storage. Mrtua dskusageisfor tenporary data, suchas conpil e
andsort jobs or tenporary internedi ateresults of acalcul aion It isa so
useful for fast accesstoread-only data, whi chnust be copiedtothevirtud
di sk before usage. Avirtua disk appearstoanapplicationlikeanord nary
F xed B ock Architecture (FBA) DA) therefore, it can be used w t hout
appl i cati on change.

Thi s rel ease of V3H ESAadded support for the ESONDrector; the
ext ended functi ons of the 3990 Mvdel 3, such as Dual Gopy and DASD Fast
Wite; andthe 3995 Mdel 151 (otical D sk, whi ch has the characteristics
of a 3390 Mdel 2 EXDDASD (see (hapter 4). It al soincreasedthe hum
ber of channel -at t ached devi ces from254 t o 1024.

Thereis an affinity between VSH ESA and M/S ESA Many of the
SAAproducts runw th VSE ESAas wel | as wth MY ESA (for exanpl e,
¢ 370, VSOBQ 11, SQ/Ds, and CSP). VSOXBA |1 Rel ease 4 and
H gh Level Assentl er run w th VSE ESAand can produce 31-bit applica-
tions. Thelatest rel eases of G C3 VE\ersi on 2 (R ease 2 and above), O/
DY VS \ersi on 1 (Rel ease 10 and above), and SQ/ D5 \ersi on 3 (Rel ease 4
and above) support those 31-bit applicati ons.

Appl i cati ons devel oped for A CSrun under bot h VSE ESA and
WS/ ESA VSH ESA nay run as a renot e system nanaged by M/S ESA
through Net M ewand the Target SystemQntrol Facility (TSJ). Anunter
of i ndependent sof tware vendor products provide TGP I P, | nage, and
Gl | Pathtypes of functionsinthe VSH ESAenvi ronnent .

I n 1994 | BMlannounced VSH ESA s support of t he ES 9000 211- based
processor nodel s. VIH ESAVIR3 runs nati vel y on t hose processors (and
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processor Mdel s 330, 340, 520, 711, 311, 411, and 511) wthout the need
to use the Processor Resour ce/ Syst emManager (PFRSV). VIH ESAconti n-
uestobuildonits uniquerel ationshipwth WS ESA Speci fi ¢ enhance-
nent s i ncl ude support for hardwar e dat a conpressi on, standard on al |
ESY 9000 9221 211-based, 9121 511-based, and 9021 711- based pr oces-
sors, for AH VTAMand VSAMdat a that i s or gani zed as entry sequenced
dat a set (ESDS)and key sequenced dat a set (KSDS)iles; increasedisol ation
of ACS applicationprograns; and t he subsystemstorage protection fea
turefor ACY VE

Apart of this evolving VH ESAstrategy i s the nove toward the
client/ server nodel . Thi s incl udes devel opnent of progranming i nterfaces,
such as communi cat i on protocol s between nenters of the A CSfamly;
applicationsupport, suchas VGH ESAD stri but ed Vr kst at i on Feat ure and
Rersonal AS'2; andnewappl icationand I Sproductivity tod s, suchasinage
processing (Lhi A/Rusand A/ Achive) andintegrated | Sand t el ephone
applicationsusingGl| PAW A G5

Virtual Storage Extended/ Enterprise SystemArchitecture (VSE ESA)
Versi on 2

Wththis version, VIH ESAacquires nany of the functions supported by
MSand W Inadditiontothe support for the Systemt390 Paral | el Eter-
prise Servers, VSE nowprovides mul tiprocessor support throughthe
VSE/ ESA Tur bo D spat cher Thi s functionexpl oits miltipl e processors within
one (EChy distributingwork onthe avai | abl e processors ona partition
besi s. Today' s concept of storageprotectionby partitionisnaintained There
areno addi tional storage nanagenent consi derati ons to support this func-
tim

The Tur bo D spat cher adds newl ogi ¢ to t he VSE Supervi sor, enabl i ng
it toassignworktonorethan one processor wthinashared central el ec-
tronicconplex ((E). Thenext digiblevorkunit of ajobisassigedtothe
next processor unit waitingfor work. Ven no processor i s waitingand
workisavailabl e, alover priorityjobwll beinterruptedandthe pending
work assignedtothat processor.

Thi s support differs fromthe MS ESANway support. In MS sev-
era tasks fromthe sane j ob can execute ondifferent processors a the sane
tine. Wththe V&2 ESATurbo D spat cher, thejoband a | the tasks associ -
aedwthit areassignedtoasi ng e processor. The Turbo O spat cher hand es
thisvwork transparently tothe applicati onand user. Noappl i cati on changes
aerequred
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A though not as conpl ex or as sophi sti cated as the M/Sfuncti on,
Tur bo D spat cher does enhance the gronth potential for systens usi ng VE
Freviously, VEusers vere constrained by theavai l abil ity of uni processors.
Toexploit | owend dyadi c processors required runni ng ml tipl e copi es of
VSE as guest s under t he Wioper at i ng syst emor nul tipl e copi es of VEEIn
separatel ogical partitions (LPARS. These sol utions i nposed si gni fi cant
nanagenent and per f or mance constrai nts. Now w th Turbo D spat cher,
VH ESAusers canexploit thelargest dyadi c processor nodel s and t he Par-
dle Bterprise Server nodd s.

A t hough Turbo D spat cher can theoretical |y support between 150
and 200 processors, whi ch exceeds the | argest 9672 RG nodel , t he desi gn
of ACSinposes |intationsthat reduce practical use of Turbo D spat cher
tononorethanfour paral el processors. A though any nunier of paral | el
wor k uni ts can proceed si mul taneousl y, onl'y one nonparal | el work unit can
proceed at any point intinewthinaprocessor conpl ex. Nonparal | el func-
tions i ncl ude systemfunctions i ke SUG&, PR or anythingrunningwth
aprotect Key 0. This nakes nonparal | el work apotential bottl eneck when
attenptingtorunnore thanfour processorsinasing econplex. Dfferent
appl i cations nay be abl eto effectivel y use nore than four processors whil e
otherswil usefever.

Brenwththi s constraint, businesses runni ng ES 9221 processors have
agrovthrange of over 12tines wthinthe 9221 series (versus 5tines on
ol der versions of V&). Busi nesses usi ngthe 9672 Rfannl y of processors can
nowr un on as nany as four processors (a grovt h range of about 4.5ti nes)
ver sus bei ng abl e t o use onl y t he uni processor nodel s (R11, R, or R12)
wthearlier versions of V@ Busi nesses running the ES 9121 faml y of pro-
cessors have agrowhrange of about 16tines (versus 5to6tines) usingthe
Turbo D spat cher.

Har dwar e conpr essi on of VSAMdat a sets (K05, VRS, and ESDH)
reduces the cost of DASD st orage (provi di ng DASDsavi ngs i n the range of
40t o 50%, reduces channel traffic, reduces GPUti ne requi red conpared
to a software conpressi on techni que, and provides rel i ef to VSAVIdat a sets
that havereachedtheir 4-(Baddressabi lity linnt.

VEH ESAusers canusethe latest | evel s of | BViperi pheral storage.
The RAMPC Array Subsystem confi gured to emul at e t he 3380K 3390- 3,
or 9345, provi des an easy envi ronnent towhichtomgrate. The DAScan
dsobeintegratedintoanexistingcotfigurati on. VAH ESAa so suppartsthe
RAMAC Array DASD whi ch attaches to the 3990 control | er and appear s
to the software as a 3390 Mdel 3. VSH ESAal so supports t he 3494 Tape
Li brary Server, whichautonates retrieval, storage, and control of 3490E
and 3590 cartri dge t apes.

323
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The advances insinplifyingandinprovingthe Interacti ve Wser Inter-
facethat VEEbegan wth VI SPand the Fast Servi ce Upgr ade have conti n-
vedinto\ersion2 Inthisversion, thevorkstati onconpl etesthe mgrati on
fromt he 3270 “green-on-bl ack” passi ve screentoaful | -functi on graphi cal
user interface (GJd). The VSE Wrkdeskprovi des a graphi cal interactive
user interface for V& ESAonthe workstation using GJd controls. Sin
dias, actionbars, pul | -down nenus, pushbuttons, and check boxes are sup-
ported. It runs onan CG8 2 or Wndows FG provi di ng the sane | ook and f eel
aswvorkstati onapplicati ons.

Many of the products al ready di scussed wth M/S ESAand WM ESA
are al so supported by VSE ESA and enhance its participationinthe
client/ server environnent. LANRES AdS ar D stributed S orage Minager
(A8, Msual Lift for the 3270 workstati oninterface, Language Bwvi ron
nent/ 370 (LE 370), SQJ/ DS, VTAM APPN and A CS are anong t hese.
Toget her wth other products, they represent asignificant i ncreasein
VSH ESA s participationinlBVis Qren B ueprint.

IBMhas stateditsintentionto provi dethe functional |y equi val ent
level of ACSsupport for VEEas that provided for MS ESA Thisw |
i ncl ude t he subsyst emst orage protecti on feat ure found on nost Syst erd 390
processors. Thi s feat ure provi des enhanced systemintegrity andavai l ability
by preventi ng ot her subsyst ens fromover| ayi ng @ CSstorage. The Subspace
GoupFecilitywl | asobeprovidedtoisd ate @ CSstorage fromappl i cation
prograns. Thisfacilityisonlyavailabl e onthe ES 9000 211-, 511-, and
711- based nodel s and on t he 9672 pr ocessor s.

The VSH ESA oper at i ng syst emi ncl udes ot her conponent's, such as

» VSE/ Advanced Functions ( VSE/ AF)whi ch has t he base VSE ESA
oper ati ng syst empr ogr ans.

» VSE SystemProdut, whi ch provides aninteractive user interface
andbasi cfunctionstohel pinsta | andautonatethe startup of the
conput er system

» VSE/ PONER which control s the VSH ESApartitions (static and
dynanic) and nanages the fl owof infornation fromi nput devi ces
tooutput devices. For exanpl e, it acceptsthe output of anapplica
tionprogramandthengradual [y feedsit toaprinter a theratethe
printer canhand e(ca ledspodingafiletoaprinter). Alescand so
be spool ed back and forth over communi cat i ons networ ks bet ween
conput er syst ens.
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 VSE/Virtual Storage Access Method (VSE/ VSAMwhi ch hel ps
organizetheinfornationkept indisk storage and provi des appl i ca-
tionprograns wth aconsi stent way to access i nf ornati on contai ned
indskstorage

e Advanced Conmuni cati ons Function/Virtual Tel ecomuni cati ons
Access Met hod (ACF/ VTAN) whi ch manages t he communi cati ons
trafficassociatedwthtermnal's, printers, and SystemNet wor k
Architecture (SN conmuni cati on networks of conputers. |n 1994,
support for VSH ESAw | | i ncl ude Syst emNet work Architecture
(S\Y) Advanced Peer-to-Peer Networ ki ng (APPN support in bot h
client server andtraditional network environnents and S 390 dat a
conpr essi on.

* VSE/Interactive Conpute and Control Facility (VSE/ | CCRhi ch
isatod that hel psthe conputer’ s operator runthe systemand hel ps
programmers wi t e and t hen execut e cust ompr ogr ans.

» VSE/ ESA Wr kst ati on Pl at f or,mnhi ch provi des C8 2 Gonmon User
Access (G dial og, host connections, and V3H ESAhost servi ces
needed t o do programdevel opnent. VSH ESA progr anmer S can cre-
ate newprograns at the O& 2 workstation, submt themto
VSE/ POMRon the host for conpi | ing, check on status, recei ve
theresul ts back at the workstation for view ng, and change as
requi red. Wenthe work is conpl eted, the code can be placedin
t he V&H Advanced Function (VS AF) Library. Ingenera, all the
nornal tasks of programming can be done cooperativel y bet ween
the VSH ESA Syst ent 390 host and the G5/ 2 wor kst ati on, perform
i ng tasks wher e t hey can be done nost producti vel y. Onthe host,
the V&H AF L brari an has been extended t o of fer functi ons previ -
ously availableonlyonthe private IGF |l ibraries. The VH ESA
Vdrkstation Hatform however, al | ons VSH ESA progranming Wt h-
out the use of |QF. Future | GF enhancenents w Il be mni nal ;
instead, thedirectionistowardcooperative processi ng bet ween G5
2 and VSH ESA

* REstructured eXtended eXecutor (REXX/ VSErogramm ng | an-
guage (5686-058), whi chwas i ntroduced al ong wi t h VSH ESA \er -
sionl, Release 3, allows progranstobewitteninaclear and
structured nanner. 1t incl udes ponerful character string nani pul &
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tion, automatic datatypi ng, and hi gh-precision arithnetic.
REXX/ VSE supports bothinterpreted and conpi | ed EXEGs. The
product includes bothafull REXXinterpreter and t he REXX com
piler runtinelibrary. Theconpiler library al | ons REXXprograns
conpi l ed on TSO Eor QVBt o be execut ed.

Ot her Systenm/ 390 Operating Systems

Inadditiontothethree naj or operating systens j ust described, other oper-
ating systens can be used wth § 390 conputers. This section reviews four
o these

Advanced | nteractive Executive/ Enterpri se Systens Architecture
(Al X/ ESA)

Thiswvas | BMs first operating systemfor the open systens ervi ronnent, in
whi ch conput er syst ens of nany di fferent types need to communi cate freely
w th one anot her. Buil ding onthe base of a UN Xoperating system | BM
offersafamly of A Xoperatingsystens, including A Xversionsfor the
PY 2, R SCSystent 6000, Systemt 370, and the § 390 conputers. Wththe
rel ease of QuenEdi tion MG discussedearlier inthis chapter, AXESAisno
| onger provided as a sol utionfor Systeni390. Thereis no A Xsupport on
the Paral | el Enterprise Server nodel s (9672). A though Al X ESA conf orns
toindustry standards rat her than | BVIs Systens Applicati on Achitecture,
A Xand SAA devel opers are worki ng to nerge wth Systens Application
A chitecture where possi bl e and provi de a hi gh degree of interoperability
wher e not .

A X ESArunsinaPR SMpartitionor under VM ESA as a guest op-
eratingsystem It ishbuilt uponthe Qren Softvare Foundati on's C8 1 oper -
ati ng syst embase and i ncl udes enhancenent s that hel p A X ESAexpl oit the
ESA/ 390 archi tecture. XPGt support under Al X ESAi s pl anned; XPGH
describes theinterfaces between conponents of the X Qoen’ s Gonmon
Application Environnent. The second rel ease of Al X ESA provi des addi -
tional functions, includ ngasynchronous I/Q detastriping, adfil e systens
upto 500 @ Channel - or LAN att ached R SC Syst ent 6000 wr t h asynchr o-
nous ports canoperateasif directlyattachedto A X ESA Newdevi ce sup-
port i ncl udes 3990 Dual Gopy and DASD Fast Wi te functi ons, the 9570
D sk Array Subsystem the 3945 Autonati ¢ Gartri dge Loader, the 3995- 151
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ptical O sk, andthe 3845 Tape Li brary Dat aserver. Mil ti byt e char act er
setsandaccess cotrd listsared soprovi ded

Transaction Processing Facility (TPF)

The TPF oper at i ng syst em(once known as the Airline Gontrol Systemor
ACS isdesignedfor busi nesses and organi zati ons that have high on-1ine
transacti on vol unes and | arge networks. 1ts high capacity and high avai l -

ailitycharacteristicsnakeit IBVIsstrateg ¢, red -tine, highrvd unetrans-

action processi ng (HVTP) platform (Qustoner reports of production
wor kl oads i ncl ude processi ng over 4, 000 nessages per second i n envi ron-
nents of 99.9to0 100%avai |l ability for as nuch as 2 years wth no pl anned
or unpl anned i nterrupti ons.)

Qignalytheresult of anearly 1960s proj ect between | BMand sev-
era airlines, TH-has attractedworl dw de cust oners spread acr oss sever al
indstries, indudngairlines, |adg ngs, berks, adfinecid irstituios. Ther
common characteri stic is an environnent where transactiongronthis
expectedtobe very fast or werethere are peak peri ods of i ntense transac-
tionactivity. TH- provi des t hose busi nesses wth si gni fi cant conpetitive
advant age by enabl i ng hi gh capacity wthvery | owcost per transacti on.

Desi gned for the Syst et 390 envi ronnent, TPF supports | oosel y
coup ed para | & processors. It issuitedtotake advantage of the 9672 pard -
lel servers. THE s architecture supports very | arge conmuni cat i on net wor ks
and i s desi gned to recover fromnost conputer outages i nonly afewsec-
onds, wthout incurringaloss of the network. Recent i nprovenents i ncl ude
| SOCfor applicationprogramportability, TP Application Requester for
QA requests fromTPFto an M/ ESA DB dat abase, and a connectivity
optionthat uses | BMs RY 6000 processors and t he MA FH 6000 (atravel
i ndustry sol utions of feri ng) networking protocol . The M/AS' ESA subsyst em
(TPH M/ enabl es the TPF APl to be used by M/S ESA cust oner s.

MG Il University Systemfor Interactive Conputing (MJSIC)

Thi s was devel oped at MG 11 LhiversityinMntrea in 1967 and | ater
i ntroduced as an | BMproduct in1972. MHE Cis often usedinuniversity
envi ronnent s because it i s easy for students to use and cones w th sone
applicationprograns useful inthat envi ronnent (suchas statistica and y-
sis, civil engineering, andadesk cal culator). MH Cusers canalsowite
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their own prograns wththe hel p of conpilersfor nany different program
nmng | anguages. Li ke VM ESA MU Cuses t he concept of virtual nachi nes
toefficiently neet the needs of nul tiple users. It canrunasthe prinary
S/390 operating systemor under VM ESAas a guest operating system

Di stributed Processi ng Progranmm ng Executive/ 370 ( DPPX/ 370)

CPPX 370 was ori gi nal |y devel oped to provi de away for users of IBMs
8100 conput er fam |y (based on t he CPPXoperating system to nore easily
mgratetothe Systemi 370 fam |y of conputers. DPPX 370 nai nt ai ned a
hi gh degree of conpatibilitywththeapplicationprograns original lywit-

ten for an 8100 DPPXsystem DPPXis al so useful in environnents where
userswshtoinstall snal| ES9000 processors at ol ti pl e renat e of fi ces and

nanage t hose processors fromal arger S 390 conput er (runni ng WS EA
a acentral site Becausethedataprocessingstaff at thecentral site can

nanage t he snal | er ES 9000 processors renot el y, the cost of having
dat a- processi ng personnel at each renote | ocationis avoi ded. OPPXpro-

vi des support for transacti onbased appl i cati on prograns, batch appli ca-

tionprograns, andinteractive applicati on prograns.

Summary

Inthis chapter, we have presentedthe fundanental di fferences bet ween Sys-
temi390 as a conput i ng envi ronnent for busi ness critica applications and
other opensystens. It bears repeating.

Frior toindustry and busi ness f ocus on open syst ens, S 390 was de-
liveringful-functionsupport for business appl i cati ons. S 390 systens sca ed
fromprocessors snal | er thantoday s serverstovery powerful nul ti proces-
sorsahundredtines | arger. They possessedall of thefunctionscritica to
successf ul busi ness operation. Wat they had i n conputi ng function, how
ever, they lackedinuser (andbusi ness) friendiness. (VEwl | d scuss pricing
inCapter 7.)

Then cane open (N X based) systens. These syst ens began sol vi ng
the fundanental busi ness probl ens of scalingtolarger systens, supporting
nor e conpl ex busi ness appl i cat i ons, and enabl i ng nore users t o shar e sys-
temresources, securel y and nanageabl y. S 390 focused oninprovingits us-
ailitycheracteristicsadbuldnginefacestodternaivep afons.
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Today you can eval uat e t he out cone. Syst eni 390 w t h QpenkEdi ti on
M/Sprovi des nearly ful | -functi on support for applicationsthat needtorun
inanaopenenvironnent. It does sowthasing eintegratedsystemthat pro-
videsitshistorical, industria strength, busi ness support envi ronnent—ene
that supports bot h your appl i cation devel opnent needs and your produc-
ti onworkl oads. WHi | e nany busi nesses ent rust sone appl i cations to ot her
open systens, thenost critica ones continueto be found on S 390.
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For decades t echnol ogy focused al ter nat el y on speedi ng up processors to
enabl e t hemt o handl e great er wor kf | owand speedi ng up devi ces stori ng
dat a t o keep t hemf rombeconing a bott | eneck to t he conput er. Gonmuni -
cation, totheextent that it exi sted beyond t he bounds of the host system
was sel doma concern. Host centric or datacentric defined both the archi-
tectureandthe attitude t oward conputi ng.

Today, “network centric” has entered our vocabul ary. The evol uti on
of networks, tothepoint that they aretoday cited as the center of conput -
ingsystens, foll ons two trends: the outward expansi on of busi nessesinthe
1990s and t he devel opnent of personal conputers and workstations. To
conpet e ef fecti vel y, busi nesses have gat hered datarapidy froma | parts and
providedit tousers, werever they were. Basi c coomuni cationlinksrapidy
expanded across the Lhited S at es and t hroughout the worl d.

The devel opnent of nicro technol ogy and t he rapi d spread of hi gh-
pover ed wor kst ati ons i ncreased t he denand for useful | ocal dataandthe
abilitytoprocessit intherenotest areas. Newtechni ques evd ved for di s-
tributing nassi ve anount s of datato these newsystens. And w th the new
t echni ques cane aw de vari ety of conmuni cati on protocol s (rul es and pro-
cedures). Facedwththe potential for conmuni cations chaos, busi nesses
and users rapi d y converged on sets of standards to gui dethis energi ng as-
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pect of conputing past technical, procedural, and conmuni cation barriers.
As wth the processi ng el enent s t hensel ves, networ ki ng and conmuni ca-
tions have energed i nto a new openworl d.

Inthischapter vew !l expl ore nany of thetechnal ogies, protocad s,
and standards that guidethefiel d of communi cationstoday, startingwth
thelinnted-scopeloca areanetwork. Vw1 thenintroduce the concept of
di stri but ed net wor ked conputi ng, whi ch requi res a conprehensi ve i nfra-
structureto support its nany conmoni cati on archi tect ures and network t ypes.
The Network Service layer of |BVIs Qoen B ueprint (i ntroduced i n Chapt er
5) addresses these requi renents, andwe wll lookat it innoredetail. F-
nal ly, youw | becone famliar wth severa key el enents of aneffective
cormuni cat i ons net wor k.

Local Area Networks

A t hough conput er s can conmuni cat e W t h each ot her over great di st ances,
sone busi ness envi ronnent s requi re conmuni cati on | i nks anong conput er
systensthet ared| locatedinonep ace. Thisisparticdarlytruefor snaller
busi nesses or busi nesses i nwi ch conput er needs are sati sfiedwthinasing e
I ocation. Such a need cormonl y ari ses when a communi ty of | ocal users
needs access to appli cati on prograns or i nfornati onlocated onal arge cen
tral conputer systeml ocatedinthe sane bui | di ng or onthe sane canpus. A
financia analyst, for exanple, nay needtheflexibility and ease of use of -
fered by runni ng spreadsheet and busi ness graphi cs appl i cati on prograns
onaworkstation. The and yst nay al so need access tothe financi al dat abase
and el ectroni c nai | function onthe conpany’ s host conputer. Qe vay to
providethisistoestablishacomunications!ink betweentheworkstation
and t he host conput er.

Sncedl perticipatingconputersareinthesanel ocati on, thistyped
communi cations linkiscalledalocal areanetwork (LAN. A though LANs
at other | ocations canbelinkedtogether wthtraditiona conmuni cations
l'ines, the conput er systens on any one LANnust beinthe sane bui | di ng or
onthe sane canpus. This distancelimtationisthe priceyoupay for getting
t he hi gh speeds associ at ed w t h LAN.

The | BMt oken-ri ng net wor korovi des one way for alocal group of
conput ers to conmuni cat e very efficiently (4 or 16 Mbits per second). Be-
cased dectricd lintati onsadright-of -vay restrictions, thistyped com
nuni cations linkis not conmonl y used bet ween di stant conput ers.
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H gure 6. 1 shows the basi ¢ structure of the token-ring network. Each
conput er that participatesinthe networkis cal | ed a network node, andit
shares i nfornati on, prograns, and conput er equi pnent wth ot her nodes in
the network. The nodes of the network arearrangedinaringpattern, giving
the network i ts nane.

A though vari ous types of wringcanbeusedtoinpl enent thetoken
ring network, atwstedpair (two-wre) cabl eis nost cormonl y used. The
cabl e connect s a conput er systems token-ring adapter carddirectlytoa
control | er access unit (CAJ)The CAUisthedevice, typicallylocatedina
wringcloset, that actua |y nakes the e ectrica connections fromthe cabl es
to each node i n the network. he 8230 CAJ for exanpl e, supports the
attachnent of up to 92 nodes and support s a choi ce of renot e nanagenent
sof twar e packages. Anodul ar jack i s usedto attach each network nodeto
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Mode 45 o= 5
T ¥ 3
- -— -
Ciom
me'-;ﬁ. Corroler Corroler
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Figure 6.1. Thebasic structure of atoken-ring network.
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the GAU vhi ch |l ets nodes be added to or renoved fromt he network. Inthe
event that one segnent of the token-ring network fails, the GAUaut onat i -
calyreroutestraffic over abackup pathto keepthe network goi ng.

Mitiple As arecabl edtogether tobuil dlarger token-ring netvorks.
Wit h the proper cabl e conponents, asingl etoken-ring network can contain
up to 260 nodes spread over several kil ongters. Miltipl etoken-ring net-
works canbe linkedtogether by abridge, alowngstill nore network nodes
to conmuni cate wth eachother. Infornationis transferred over the net-
vor k usi ng t he t oken- passi ng conmuni cati ons protocol . This protoca , dis-
cussed i n hapter 2, sends nessages around t he ri ng fromnode t o node.

AS 400 conput ers, R SCSyst emd6000 conput ers, nul ti pl e § 390 com
puters, and other types/ nakes of conputers canall participateinasingl e
token-ring network. S 390 conput ers can al so communi cat e W th nany di f -
ferent types of conputers over other types of | ocal areanetworks, suchas
B hernet LANs. Wth this overvi ewof the token-ring network, we nowex-
anm ne two exanpl es of PS' 2 conputers cooperatingwthacentral §390
conput er over atokenringnetwork. Inthefirst exanple (Fgure6.2), an
S30 providesfileand print server support tothe network. 1nthe second
exanpl e (Fgure 6.3), 9390 andthe P 2s work nore cl osel y together ina
cooper at i ve processi ng envi r onnent

F gure 6.2 shows a snal | token-ri ng network consi sting of workst a-
tions (PS 2s, Appl e Maci nt osh conput ers, N X conput ers) and an § 390
conput er. The connecti on between t he S 390 conput er and t he t oken-ring
network i s a cabl e between an 1/ OChannel inthe § 390 conput er and a

PS/ 2 Systenl 370 Channel Adapternstalledinthe PS 21 abel ed “Node #1.

The PS2 inturn, attachestothetokenring network viaatokenring net-
vork adapt er, as dothe other workstationsinthe LAN

The pr ogranmi ng necessary t o comnmuni cat e Wt h t he ot her nodes in
the network i s provi ded by the Mrtual Tel econmuni cati ons Access Met hod
(VTAN) program(described | ater), the conmuni cations conponent of the
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390 operating system The  Novel | Net Ware Ser verprogrami n t he at t ached

PS2isanextensiontothe D5 operating systemthat allows the PS2tobe
a LANserver. AsalANserver, thisPS2sharesitsfixedd sk storage, print-

ers, and conmuni cations |inks wththe other conputers, LANclients inthe

LAN. These LANclients can be PY 2s runni ng D35, D35 w t h W ndows,
o 52 or they canbe other types of conputers, such as Appl e Mci nt ashes
or LN Xworkst ati ons.

The Personal Conmmuni cations/327@rogramrunni ng on t he LAN

server P52 al | ows any conput er wththe proper progranming (that is, D5
and its own copy of Personal Gonmuni cations/ 3270) participatinginthe
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Figure 6.2. An 9390 systemcanshareitsdisk storageand printers wthother com
puter systensinatokenring netvork.

network to enul ate a 3270 di spl ay station. This neans that a PS 2 user can
signontothe §390 conput er as a normal 3270-type di spl ay stati on and
caninteract wth §390 applicationprograns. Wilethe P2 conputer is

enl atinga3270-typed spay, it still kegpsitsabilitytorun P32 prograns.

It alsocantransfer files betweenthe PS2andthe S 390 conput er.

The optional LAN Resource Extension and Servi ces ( LANREGHI s-

cussed in Chapter 4) extensi ontothe S 390 operati ng syst envorks cl osel y
wththe Novel | NetVdre LANServer(s) inthe network. Toget her, LANRES



Syst eml 390 Communi cati ons—Bridging All Barriers 335

and Novel | Net Vdre Servers provide central i zed LANadmni strati on f unc-
tias

Thr ough t he LANRES program the § 390 conput er can becone a
LANserver, sharingits resources wththe other conputersinthe LAN
These resour ces i ncl ude §390 di sk st orage, whi ch becones an ext ensi on of
thedisk storage of the PS2conputersinthe LAN That is, PS 2 users can
storeandretrieveinfornationinS 390 disk storage the saneway they store
infornati ononthe PS 2 sfixed d sk (naki ng the S 390 conuter a file serve).
Thi s vast |y expands the anount of fixeddisk storageavailabletothe P32
user, facilitates datasharingwth other authorized usersinthe LAN and
al | ons the dat arocessi ng staff toseethat critical infornationis consis-
tently backed up and secure. By sharing printers, the S 390 conput er be-
cones a print serverenablingprinters attachedtothe S 390 conputer to
print theoutput of applicationprograns runningontheworkstationsinthe
LAN.

The LANRES prograns al so al | owt he LANadmini strator to create/
O eteuser IDs, priorities, andaccess privilegesfor dl theusers onthe LAN
fromone S 390 di splay station. Further, the LANadninistrator candistrib-
ut e updat ed prograns and dat a fromt he § 390 conput er to any of the LAN
serversinthenetwork. Infact, nany LANadnini strationandinfornation
distributiontasks can be aut onat ed by enbeddi ng t he necessary conmands
in S 390 prograns (for exanpl e, a REXX exec i n VW ESA) that can be
schedul ed t o run unat t ended.

V& have j ust seen howan S 390 conput er can shar e di sk st or age and
printers wth other conputers participatinginalLANand hel pwth LAN
adnini strati on. Now we expl ore an exanpl e of an § 390 conput er and a
group of PS 2 conput ers wor ki ng even nor e ¢l osel y toget her, using a LAN
desi gned t 0 handl e a busi ness’ s t el ephone order entry needs.

FH gure 6. 3 shows a t oken-ri ng networ k contai ni ng PS 2 conput er s
and a rack- nount ed § 390 conput er. I nour exanpl e, the S 390 conputer is
directlyattachedtothe tokenring network viathe I nt egrat ed Token-R ng
Subsyst emAdapter, but it coul d be attachedj ust aswell viaan|/Ochannel
and a 3174 Establ i shnent Gontrol | er. VTAMagai n provi des t he program
niing necessary for the S 390 conputer to participateinthetokenring net-
work. Al so | caded on our § 390 conputer i s the Qustoner | nfornation
@ntra System(G CS transacti on-processi ng appl i cati on enabl er and sone
customd CSappl i cati on prograns, used by a pool of order entry cl erks.
Each cl erk uses one of the PS2 conputers attachedtothe LAN The PS 2
conputers are al | running G5 2 \ersion 2.0 (the SAA-conpl i ant operating
systemfor P2 conput ers), Extended Services for (82, ACGS O 2, and
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Figure 6.3. Exanpl e conmuni cations configurationthat all ows for cooperative pro-
cessi ng bet ween PS 2-based appl i cat i on prograns and S 390- based appl i cati on progr ans.

customPS/ 2 appl i cati on prograns designedtowork wth QCSCH 2. Ex-
tended Servi ces for (53 2 provi des t he conmuni cat i ons pr ogr anmi ng neces-
sary for the P32 to conmuni cat e (as LANclients) wththe S 390 conput er
over thetokenring network. G CSCH 2 provi des the foundationfor buil d
i ngtransacti on-based appl i cati on prograns, such as order entry.
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Theorder entryclerksusetheir PS2stoenter ordersthat they rece ve
over thetel ephone. Lhder nornal ci rcunst ances, the orders enteredthrough
the P9 2-resident applicationprograns areimmedi atel y forwardedtothe
S30order entry applicationprogram Snceboththe PS2 order entry pro-
gramand the S 390 order entry programare A CS based, they conmuni cat e
returdly.

A thoughthe order entry cl erks coul d use di spl ays t o conmuni cat e
directlywththe S390 order entry application program there are advan
tagestousingthe P92 conputersasa  front endtothe system Frst, the
PS 2 s customorder entry appl i cation prograns provi de a graphi cal user
interface (throughthe G582 Rresentati on Minager). Thissinplifiesand short-
ens anewcl erk’ slearning curve, andit nakes t he programeasi er and nore
pleasingtousefor al order entry clerks. Another advant age of the P52
front endisthat, if the S 390 conputer goes down for any reason, the order
entry clerks can continuetoenter ordersintothe P 2-based order entry
application programw thout interrupti on. Rather than bei ng forvarded i m
nediatel ytothe S 390 order entry applicationprogram the neworders are
storedonthe PS2 slocal fixedd skstorage. Later, wenthe S 390 conput er
isbackonline thePS2order entry appl i cati on programaut onati cal |y sends
the neworders uptothe order entry appli cati on programonthe S 390 com
put er—w t hout user i ntervention.

Wen PS 2 applicationprograns interact directlywth S 390 appl i ca
tionprograns, asinthe precedingexanple, they areina cooper at i ve pro-
cessi ngenvi ronnent. The SAA-conpl i ant programminginterfaceandits
ext ensi ons provi ded by G5 2 al | owt he constructi on of virtual Iy any coop-
erative processi ng appl i cati on envi ronnent. Goperati ve processi ng al | ons
the users tobenefit fromthei ndependent processi ng capabi | ities, graphica
strengths, and qui ck response tine of PS 2 systens wthout givingupthe
storage capacity, datasecurity, andapplications of an S 390 conputer. In
additionto P92 systens, S 390 conputers participatein cooperative pro-
cessingw th other §390 conputers, wth R SCSyst ent 6000 conput er s,
W th AS 400 systens, and wth ot her types and nakes of conput ers.

Di stri buted Computer Communications

I n nany cases, the needs of a business are best satisfiedby usingmultiple
conput er systens. 1nstead of providing renote users wth standal one vor k-
stations or termnal s connectedtoacentral conputer, you nay provi de them
wththeir omnsnal | conputer systenfs). For exanpl e, alargeretail chain
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nay want a conput er systemat eachretail locationas well as a conputer
systemat headquarters. These conput er systens are j oi ned t hrough a com
nuni cati ons network that al | ows themt o nove i nfornati on (for exanpl e,
daily cashreg ster recei pts) easily fromp acetopl ace as necessary. Thi s com
nuni cationstructureiscalleda  distributed conputer network

Dstributing conputer systens tothe siteswerethey are needed pro-
Vi des several advantages. First, sincedl usersarelocal lyattachedtother
respecti ve conput er system they of t en enj oy i nproved syst emperf or nance
(reduced response tine) conpared wth renotel y attached workst ati ons,
whi ch are sl owed down by conmuni cations linelimtations. Further, the
di stri but ed conput er systemconsal i dat es conmoni cati ons, aparticu ar bern+
efit a verylargerenotelocationsthat nay need al arge nunber of conmu-
nicationslinestosupport al therenoteworkstations. Wthadistri buted
conput i ng approach, renote users canbelocal ly attachedtotheir distrib-
ut ed system whi ch can t hen conmuni cat e wi t h ot her conput ers t hrough a
si ngl e conmuini cati ons i ne.

The di sadvant age of adistributed conputer systemisthat it isoften
nore di fficult to nanage t han a si ngl e-conput er system S nce S 390 com
put ers were desi gned for adistributed conput er conmuni cat i ons envi ron-
nent, however, there are network nanagenent tool s that easethis task.
S'390 conputers can participateindistributed conput er networks wth ot her
S 390 conput ers, AS 400 systens, PY 2 systens, R SCSyst emi 6000 com
puters, conputers nade by ot her nanuf act urers, or virtual |y any conti na-
tiond these

Systemy 390 Distributed Networks

Ml ti pl e § 390 conput er s can be att ached t oget her t hr ough conmuni ca-
tionslinkstocreateadistributed conputer netvork (illustratedinF gure
6.4). Inthisexanpl e, miltiplerack-nounted ES 9000 processors (for ex-
anpl e, Mdel 150s) areeachdistributedtoarenotel ocation, andal arger
ES 9000 processor (aMdel 620) islocated at the busi ness’ s headquart ers.
The ES 9000 Mbdel 150, instal |l ed at a San Franci sco | ocati on and
showninthelover left corner of thefigure, isoneof therenote conputer
install ations. To acconmodat e the needs of thelocal users, it is equipped
wthaworkstationcontroller that alows for direct attachnent of displays
and printerstothe ES 9000 processor. A soshowninthe Mdel 150is an
I nt egr at ed Tel ecommuni cati ons Adapt er attached to a 7861 Mvdem The
adapt er and i ts nodemal | owt he Mbdel 150 t o conmuni cat e over a |l eased
tel ephone linewththe |l arge ES 9000 Mdel 620 at the conpany’ s head-
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quartersinHttsburgh. This conmuni cations link al | ons the two conput er
systenstofredyexchangeinfornati on(thet is, transfer files, exchanged ec-
tronicnail, andsoon). It a soalows aMdel 150 user to pass t hr oughand
log ontothe Mdel 620 conputer systemas arenote user. Gonversely, a
Mbdel 620 user can pass t hrough and | og ont o t he Mbdel 150 as a renot e

L.

Thi s comrmuni cations linkis calledthe oper ati onal pat tbecauseit
serves to nove i nfornati on bet ween t he syst ens as necessary to neet the
day-t o-day needs of the users. A the headguarters end of the operational
pat h, a nodemand a 3745 Gonmuni cations Gontrol | er areinstall ed. The
nodemconmuni cates wthits counterpart at the renote | ocation over the
| eased t el ephone |i ne. The 3745 Gonmuni cati ons Gntrol | er handl es the
informationtraffic betweenthe Mdel 620and a | of therenote | ocati ons.
A3174 Establ i shnent Gontrol | er coul d have net the functional require-
nents at the Mdel 620 end, but the 3745 can handl e t he | ar ge vol une of
conmuni cati ons generated by al | of therenotel ocati ons nore efficiently.

Havi ng renot e S 390 conput ers participate inadistributed cormu-
ni cations network i s one thing, but nanagi ng that conmuni cat i ons net wor k
i s sonething el se.  Network managenentt asks i ncl ude pr obl emdet ect i on,
prool emresal ution, restartingthe systemafter aprobd emi s resd ved, nak-

i ng networ k confi gurati on changes, and nuch nore. The net wor k nanage-
nent functi ons needed vary dependi ng on t he type of conmuni cati ons net -
vor k i nvol ved.

| BM's appr oach t o nanagi ng di st ri but ed net wor ks cont ai ni ng mul -
tiple 9390 conput ers centers around Net Vi e whi ch can be seeninthe
figure | oaded on t he ES 9000 Mdel 620 at headquarters. NetM ewt akes
advantage of the Renote (perator Facilithuilt intoprocessor controllers
i n rack- nount ed EY 9000 processors to renot el y performtasks that woul d
ot herw se requi re on-si t e dat a processi ng per sonndl .

Asecond conmuni cations link, the initialization/recovery patfbot-
tomright corner of Fgure 6.4), betweenthe headquartersinH ttsburghand
the renote | ocati on i n San Franci sco supports two-way conmuni cat i ons
bet ween t he Mbdel 150" s processor control | er and Net Vi ewon t he Mbdel
620. Theinitiaizationrecovery pathtypical ly uses al ower-cost swtched
tel epghorelinerather thanal essedte ephoreline Thet is, theinitidizati o/
recovery pathis establ i shed onl y when needed by havi ng a nedem(di s-
cussed |l ater inthis chapter) dial the phone nuner of the ot her nodem
Wen t he necessary conmuni cati oni s concl uded, the linkis terninated by
si npl y havi ng t he nodens hang up. The switched tel ephone line al so al | ows
one communi cations link tobe used for mil tipl e purposes. In A ttsburgh,
for exanpl e, oneinitiaization/recovery pathlinecanbeusedtohand eal |
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ES 9000 systens toa central ES 9000 system

Exanpl e of a conmuni cati ons confi gurati onusedtoattach distributed

of therenotelocations. InSan Francisco, it canbeusedtocal |l the | BM
Servi ce Support Syst emconput er .

To sinpl i fy nanagenent of thi s conpl ex configurati on, NetM ewnight
nanageit. Wthaninitializati on/recovery path set up between San Fran-
ci sco and A ttsburgh, anetwork operator in Fttsburgh uses Net M ewto
nanage the entire distribut ed network. The Net M ewprogramcal I s up the
Mbdel 150 i n San Franci sco over theinitialization/recovery path and pow
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ersupthesystemfor nornal operation. Sncethisispart of thedailyrautine
for al renatelocations, this procedure has been pre-progranmed i n Net M ew
tooccur atonatica ly, relievingthe dat aqrocessi ngstaff of thistask. Ater

the Mdel 150 i n San Franci sco acknow edges that thi ngs are runni ng fi ne,

theinitializationrecovery conmuni cationslinkisterninatedand NetM ew
goes onwthitsather duti es.

Mearvhi | e, in San Franciscothings runfinefor awile, but thena
pr obl emdevel ops—per haps t he t el econmuni cati ons adapt er fail s and bri ngs
downthe operational path. Frst, the Mdel 150 s processor consol e aut o-
naticallycalsNtMewinHttsburghover theinitiaization/recovery path
and reports the probl emto Net M ew This i s done through an al ert nessage
that isautomatically sent by the processor controll er i n San Fanci sco.
Net M ewi s pre-progranmed t o aut onat i cal | y gui de t he renot e ES 9000 pro-
cessars through arecovery procedure for nany different types of a erts, but
thisparticular dert has not been pre-progranmed. The dat a processi ng per -
sonnel in A ttshurghand yzethe prod emand determnethat aservicecal is
necessary to repl ace the t el econmuni cati ons adapter. Through Net M ewcom
nands, the personnel instruct the processor controll er in San Franci scoto
pl ace a service call tothe | BMServi ce Support Systemconputer, to
termnat e the communi cations | i nk wth San Franci sco, and to use t he
intidizaiol/recovery pthtop acetheservicecd|l. Laer, ater thetd ecom
nuni cat i ons adapt er i s repl aced, the personnel instruct NetMewtocall San
Franci scoand restart the Mdel 150.

Thi s i s one sinpl e exanpl e of Net M ewnanagi ng a probl emi n a di s-
tributed network wth S 390 conputers. Qher NetM ewcapabi litiesincl ude
gettingupdates tolicensedinternal code and runni ng di agnosti cs on vari ous
net wor k conponents. The i ntent of Net M ewand t he Renot e (perat or Fa-
cility (i nrack-nount ed ES 9000 processor consol es) i s to keepthings run
nngsnoothlywileeimnatingtheneedfor on-sitedataprocessingskillsin
adistributed network envi ronnent .

Systemy 390 with Distributed AS/400 Networks

V& have j ust seen howdi stributed S 390 conput ers can be control l ed re-
not el y by one S 390 conput er | ocated at a conpany’ s headquarters. | n sone
cases, hovever, it isdesirabetod stributenndrange coqters, suchasthe
AS 400 systens, whileretainingal arge S 390 conput er systemat headquer -
ters. Qereasonfor thisdeci sionwou dbethat the best-fittingapdication
programfor the renote | ocati ons runs only on an AS 400, whereas t he
S/'390 conput er i s needed at headquarters to provi de nore conput at i onal
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resour ces than eventhe | argest AS 400 systemcoul d provi de. I nany case, a
central § 390 conputer can participateinand nanage a di stributed com
put er network consi sting of AS 400 syst ens.

F gure 6. 5 shows howa di stri but ed AS 400 syst emnight be at t ached
toacentral S 390 conputer system The 232/ V. 24 Gonmuni cat i ons Adapt er
and 7861 Mbdemal | owthe AS 400 t o comrmuni cate with the § 390 com
puter at headquarters at upto 19,200 bits per second (bps) over al eased
telephoneline Thislinkacts asanoperationd peth servi ng day-to-day com
noni cati ons needs, as describedinthel ast section. Thislink a so serves as
theintiaizati on/recovery pathfor the AS400di stributed netvork. A though
thereisnoseparateinitiadizati avrecovery pathinthi s exanpl e, the “swtched
net wor k backup” capabi ity of the 7861 Mdemal | ows it to establish an
intiaizatiovrecovery pathinthe event of aleasedtd ephoneline prod em

The operati ng syst emused w t h AS 400 conput ers (G5 400) wor ks
closely wth § 390 operating systens and t he Net i ew net wor k nanage-
nent program Toget her, these prograns provi de net wor k nanagenent sup-
port for the Dstributed Hst Gomand Faci ity and t he Li nk Probl emDe-
termnation Ad, wiichletsthe S390 operator renotel y troubl eshoat net-
vwork probl ens. Thisfunctionis sinilar tothe“renote conso € functionin
S390distributed networks. NetM ewal | ows the S 390 dat & processi ng st af f
at headquarters to support the distribut ed AS 400 syst ens usi hg t he sane
“aert” nessage approach di scussedin S 390 di stri but ed net vor ks.

Qnversely, the AS400 users signonanddirectlyinteract wththe
S/'390 conput er fromthei r AS 400 wor kst at i on (5250-t ype workst ati on) as
i f they were usi ngan S 390 workstation. Thus, the users of either system
have access to any systeminthe network, if the systems securityallonsit.
(5 400's 3270 Devi ce Emul ati orsupport al |l ows an AS 400 workstationto
emul at e a 3270 Vérkst at i on. The AS 400 Gonmuni cations Wilities are an
optional extensionto 5 400that al | ows an AS 400 user totransfer files
and subnmit batchjobstothe S 390 conputer throughits Renot e Job Entry
(RIE) Facility The RIEal so al | ows AS 400 Gfi ceM si on users t o exchange
electronicnail wth GficeM sionusers onthe 390 conputer. The AS 400
syst emal so supports ot her conmuni cat i ons prot ocal s:

e« S\W sDstributionServices (SNAC5, whi chsupports fred y exchang
i ng docunent s bet ween nodes

e Dstributed Data Managenent (CDV), which al |l ows a user of a
renot e AS 400 t o query any ot her AS 400 i n t he network
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« Advanced Programt o- Pr ogr amGommuni cati ons (APPQ, which, as
di scussed earlier, alons applicationprograns runni ng ondifferent
conput ers to cooperat e wthout user intervention

These conmuni cati on functions, alongwthothers, al | owAS 400 sys-
tens and S 390 conput ers to cooperate i nadistri but ed conput er network.
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S nce bot h systens are gui ded by | BVIs Syst emAppl i cation Architecture
(SAY), they share a common framewor k on whi ch appl i cati on prograns
devel oped on ei ther systemcanbe mgratedtothe other.

Qur exanpl e shows onl y one si npl e net hod of attachi ng an AS 400
toa Systemt390 conput er. Wth the Systens Network Architecture (SN
suppart of CG5400, thepraiferationof high-speeddgita networks, andthe
adopt i on of Advanced Peer to Peer Networki ng (APPN by S\NA (di scussed
later inthischapter), ather dternativesfaor d stributed network conmoni ca-
ti ons bet ween Syst et 390 and AS 400 conput er s are possi bl e.

Open Bl ueprint Network Services

Theinfornation provi dedthus far barel y scratches the surface of all the
possi bl e conmuni cation al ternatives and products that exi st, and nore are
nade avai | abl e every nont h. A so, the i ncreasi ng enphasi s on open syst ens
has produced t he need for systens and product s frommul tipl e vendors to
interact wtheachother. Toensure anorderly evol uti on of networks and
communi cation links inthis dynanmc and het er ogeneous envi ronnent, | BV
has devel opedan en B ueprint (illustratedinFHgure6.6andinitiadlyds-
cussedinGapter 5). Aswthany blugrint, thisonedefinesastructureinto
whi ch nul tipl e products canfit and provi des a schenati ¢ for busi nesses to
pl anthe eva uti on of the r network nodes.

Asillwstraed thsBugrin isagaizedinosi xdsting sasd resarce
nanagenent services. Inthis chapter, wew !l address only t hose resources
directlyrelatedtoconmuni cations and networking. (See Ghapters 5and 7
for discussi ons of the other sets of services.) Theresources coveredinthi s
chapt er i ncl ude

« (onmuni cati on Servi ces, a subconponent of O stributed Syst ens
Servi ces, whi ch provi des nechani sns enabl i ng a si ngl e syst em(con-
sal i dat ed) vi ewof the netvork.

« Each of four subconponents of Network Servi ces, which provi de
for thetransport of datafromone systemto anot her.

 Aintroducti ontothe systens nanagenent support associ ated wth
net wor ks.
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Communi cation Services

Gnmuni cati on Servi ces i ncl udes three nul tivendor applicationinterfaces
and servi ces: Gommon Progranming | nt erface for Gonmuni cations (AR -Q),
Renot e Procedure Gl I (RRQ), and the Message and Queue Interface (MQ).
Theseinterfaces present three nodel s that descri be howdi stri but ed appl i ca
tions or resource nanagers cantal k to each ot her
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CPI - Csupport's conmuni cat i on bet ween appl i cati on prograns over
privatelogica comectionscalled  conversations Gxversati ons are a sophi s-
ti cat ed net hod of conmuni catingthat requires si nul t aneous execut i on of
partner prograns. This requires that anetwork sessi on be reserved excl u-
sively for them (A -Cis designedprinarily for astructured exchange of
i nfornat i on bet ween prograns, and (A -Cappli cations are genera ly client/
server or peer-to-peer i npl enentati ons. Applicationsthat usethe conversa
tiod noddl included stribuedtransacti onprocessing, dstribuedrd aiod
dat abase access, andbul k datatransfer operationsinvd vingm tip etrans-
nissi ons. | SOhas chosen t he conversati onal nodel as the basi s for the CB
transacti on-processi ng protocol specification, whichis based onthe SNA
APRCarchitecture.

perati ng systens use Advanced Programt o- Program Conmuni ca-
tion (APPQservicestoassi st ininpl enenti ng conversational (Synchronous)
applicationsthroughA-C Inspiteof their sophistication, conversationa
applications are surprisingly easy toinpl enent. APPOMSin MY ESA
offershbuilt-inserver functionsthat canbeusedinclient/server conversa
tions. AFRO MSservi ces are cal | abl e servi ces accessi bl e froma hi gh-1 evel
| anguage appl i cati onw thout the necessity of witing assenil er | anguage
rouines.

Renot e Procedure Call (RPCuses a cal | /return nechani sm(mch
likedoing Fortranlibrary subroutinecal | s) to provi de conmuni cati ons be-
tveenclient/server gpplications. Theclient program(call er) deternminesthe
server (caledprocedure) | ocationinthe network, establ i shes the necessary
conmuni cati on, and passes the requi red paraneters for executi ngthe pro-
cedre Thecdler vatsutil theprocedrefinshesexecuting(thet is, itisa
synchronous operation) andthe resul ts are passed back.

D fferent vendor i npl enentati ons of Renot e Procedure Gil | are sup-
ported. Today, workstations wth applications inpl enenti ng RRCoperate
asclientswth MY ESAusi ngthe Network FH | e System(N-S server func-
tion provided i n DFSVE M/Sand the TGP | P product. TGY | P al so sup-
ports Apol | o Gonput er’ s Net wor k Gonput i ng Syst emRPC The (pen Sof t -
war e Foundat i on (G5F) chose RRCas the fundanent al conmuni cat i on nodel
for the Dstributed Gnputing H enent (DE). The G5 DCE RPCi s sup-
ported on MS ESASP 4.3 and | ater rel eases, enabl i ng support i nan open
syst ens envi ronnent . (Thi s was di scussed i n Ghapter 5.)

Message Queue Interface (M3)incontrast to RRG is an asynchro-
nous programto-programi nterface. It supports nessage-driven, deferred
pr ocessi ng conmuni cat i on t hrough queues, nat through pri vat e connect i ons.
Rograns that use M) fill and enpty nessage queues. The cal | i ng program
pl aces the request inaqueue but does not vait for aresponse; instead, it
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cotinueswthits processing. Vilentheresponsearrives, it isplacedinan
ot her queue to await processi ng. M) services route the nessages tothe
appropriate destinationsinthe netvork for access by the prograns servi c-
ingthequeue. It provi des guarant eed nessage del i very, recoverability, and,
where appl i cabl e, sync point participation. MY applicationscanbeclient/
server, peer-to-peer, or nore conpl ex i npl enentati ons.

IBVIs MBries(seeFgure6.7) sinplifiestheprocess of cross-plat-
f ormconmuni cat i ons by usi ng the MQ . No conmuni cations |inks or net -
wor k protocol s are used, and nessages can be sent and pi cked up at any
tine. This programal | ows devel opers to desi gn and i npl enent cross-pl at -
formlinks between appl i cations faster thanthrough usingtraditi onal com
nuni cat i ons programmi ng t echni ques. MXeri es handl es t he comrmuni ca-
tions pratocd s andrecovery after fail ure, ensuring nessage ddl i very. Infor-
nat i on can be passed bet ween Syst e 390- based, server-based, and FG based
gricaians.

MEeries isidea for gpplicationsthat experiencel ongperiods of dis
connected activity or periods whereserviceisintermttent. Theseincl ude
nany exi stingtransacti on processingapplicationsusingI My GCS and TO
Bidges for thesetransacti ontypes enabl e users on ot her systens t o access
nai nfrane appl i cations wthout rewitinginterfacestothose applications.
MEeri es supports both TGP | Pand SNALWB. 2 communi cati ons. H at forns
supportedinclude CO82, AX MY ESA VSHESA (5400, Cgtal WB
VAX, Tandem Q@uar di an, HP- UX, SunCS, Uni xWare, SCOUN X, AT&T
AGSW X Sun Solaris, and TandemQuar di an H nal aya.

Typical |y, applications and application services are bound to a spe-
cific networking protocol . (A -Capplications use SNA net wor ki ng; RPC
applications use TAY I P, X 400 appl i cati ons use (pen Syst eml nt er connec-
tion(A); other applications use Nt B G5 Internet Packet Exchange (1PY),
[Ehet, or other protocal s.

Net wor k Services

Gnmoni cations and networking are at the heart of theinfrastructurefor a
distributed system Inearlier generati ons of conputer systens, conmuni ca-
tionstructure strongly i nfl uenced t he appl i cati on enabl i ng servi ces and
susystens. Intoday sdstribued, dient/server enviromernt, higer-levd ser-
Vi ces and resour ce nanager s nust support nul ti pl e operati ng systempl at -
forns and a wi de vari ety of networking environnents. A though the
resour ce nanager s need servi ces that are useful totheir oawn nodel , they
camnot affordtobetiedtospecificnetworkingprotocd s or datalink proto
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ca s. Thus, today s systens reflect agreater separati on of the conmuni ca-
tion protocol s fromthe network services. This has | edto the Network
Services structure, foundin|BVis Qoen B ueprint, consisting of Gonmon
Transport Senantics, Transport Servi ces, Subnetworki ng, andthe Sgnal ling
and Gntrol H ane.

Common Transport Semantics

Qnmon Transport Senanti cs (CT insul at es the hi gher-1 evel servi ces (di s-
tributedservices and god i cati onengld i ng servi ces) fromthe underlyi ngtrans-
port network. It does this by providi ng acommon vi ewof transport proto-
costhat enablesal higher-level servicestobetransport i ndependent. Thet
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is, different transport network drivers can be pl ugged i n under a conmon
i npl enentati on of those servi ces.

Wsing CTSal so enabl es the i ntegrati on of networks with different
protocal s through transport gat eways, whi ch conpensate for differencesin
the underlyi ng transport networks. This enabl estheinteroperati onaof client
workstati ons wthout regardtothe LANnedi um(token-ring or B hernet,
for exanpl €) or LANtransport protocol (IPX NetB G5 SNAor TV IR,
for exanpl €) bei ng used on the workstati on.

Inthe Qpen B ueprint, Cormon Transport Senantics i s provi ded
through the Miltiprotocol Transport Networking ( MPTBY chitecture and
i npl enent ed t hrough 1 BMs family of AnyNet products. MPTNar chi t ec-
tureisopenandgenerd, alowngtheeimnationof theforced networki ng
protoca bi ndi ngs between appl i cati ons and the Transport Servi ces. I nather
words, the application's A s andtheir services can conmuni cat e over a
protocal other thanthe one for whi chthey were original |y i npl enent ed.
The appl i cati ons nust be nat ched pai rs, however, bot h desi gned t o conmu-
ni cat e usi ng t he sane comuni cati on protocol . For exanpl e, two APPC
prograns ori gi nal |y desi gned t o cormuni cat e over SNA can now conmuni -
cate over T | Pand two socket prograns origi nal |y desi gned t o conmuni -
cat e over TP | P can now conmuni cat e over SNA but an APPC program
cannot conmuni cat e W t h a socket programover either SNAor TG | P.

For Systemi 390 envi ronnents,  ACH VTAM Versi on 3 Rel ease 4.and
subsequent rel eases) of fers a mul tiprotocol transport feature called
AnyNet / WS whi ch al | ows the appl i cation to be separat ed fromt he net -
vwork transport and al | ons your busi ness t o reduce the nunier of protocal s
that you nanagetooneor two. Thisfeatureis anoptional pricedfeature
that provides both MS ESAand G5 2 functions. The G582 functionisin-
stalled at the host and downl caded to t he workstati on. Usi ng AnyNet/ MS
G CYESA IMYESATM DB2, DRDA or any WS ESA, APPC appl i ca-
tions conmuni cate wthworkstationsina T | Pnetwork that has the AFRC
AR . APPCover TQP | Pcan be host -t o-wor kst ati on, workst ati on-t o-wor k-
station, or host-to-host. VTAM's AnyNet/ M/Sal so supports aninterface
for Berkel ey Software O stribution (B sockets over SNAfor MS ESA
and (5 2. The sockets i nt erface uses AFRCas t he under | yi ng netvork servi ce.

Estinmated by | BMto be i nstal | ed on nore t han 90%of its nai n-
franes around the worl d, VTAVIw th TGP | Psupport si gni ficantly i nproves
the fl owof work through the nai nfrane. As acentral conponent of 1BMs
paral | el syspl ex envi ronnent (di scussedin Chapter 3), VIAVicontrol s ac-
cesstoapplicationsdistributedacross nl tipl e processors. It a sousesthe
ANt echnol ogy (di scussed bel ow) to autonati cal Iy fi nd resources regard-
lessof their | ocationacross distributed processars.
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VTAM\Ver si on 4, Rel ease 2 for VW ESA and VIH ESA pr ovi des seam
lessmitilevel comectivityfor peer-to-peer netveorki ngthroughfull support
of Advanced Peer-to-Peer Networking (APPN . This rel ease provi des ad-
vanced routing, increased network dynamics, enhanced connectivity, and
i nproved per f ormance. Two VTAMAPPN nodes can now comruni cat e
di rectly acraoss a hi gh- perf or nance channel usi ng AAPNpr ot ocal s.

Advanced Peer -t o- Peer Networ ki ng ( APPlY ovi des an evol ution from
the hi erarchical proprietary network architecture of SNAtothe nore dy-
nanc routing capabi lities of APPC APPNprovi des val ue to exi sting S\NA
net wor ks by reduci ng t he conpl exi ty associ at ed wt h nai nt ai ni ng t hose net -
vork definitions. It doesthis by nininzingthe need for coordi nat ed sys-
tens definition. Network resources are defined only at the node at whi ch
they arel ocated, and APPNdi stributes i nfornati on about t hese resources
through the network as it i s needed. Saitchingtoan APPNnetwork can
save consi der abl e syst empr ogrammer ti ne, because t he dynanic nat ure of
APRNrouting el i nnat es a hi gh per cent age of network definitions. Device
dfintios, lirkdfintios, adpghdfintiasaed! sigificatlyredced
| BMIs 3746 Gonmani cati ons Gntrol ler (described | ater) converts SVAtraffic
toANtoassist inthemgrationtothe newer technal ogy.

Because APPNi s based on LU6.2 and T2. 1 protocol s, exi sting
ori gi nal -equi pnent nanufacturers’ (CBW' ) T2. 1 LENnodes and LUG. 2
appl i cati ons can t ake advant age of APPNnet wor ki ng. | BVIs Dependent LU
Servi ce Request er provi des support for your nai nfrane and 3270- based
appl i cati ons. The AFPNend node and net wor k node speci fi cati ons are pub-

i shed as SAA Conmon Communi cati ons Supporprotocol s, facilitating
i npl enent ati on by ot hers.

Wththerel ease of VTAM(Version 4, Rel ease 3 for WS ESAaddi -
tional enhancenent s ar e added t hr ough bot h t he base product and t hr ough
AnyNet/ M/S. Wt h VTAMA4. 3, Advanced Peer -t o- Peer Networ ki ng ( APPN)

o subareanetvworkingareviad ea ternatives for al network envi ronnert s.
VTAMA4. 3 al so provides H gh Perfornmance Routing (HPRan extensionto
APPNt hat i nproves avail ability and t hroughput for network conmuni ca-
tions by routing aroundfail uresinthe network. Because connections are
endtoendwththe HRprotocol , theendpoint cancal culateanaternate
routevihenaninternediatelink or nodefails andresunetransmssi onwth
out di sruptingthe user session This cagpabi ity canincressethe effi ci ency of
APPN by 30 percent or nore. | BMplans to nap the HRrouting capability
to t he ener gi ng hi gh- speed net wor ks of tonorrow i ncl udi ng asynchr onous
transfer node (ATNJ, described|ater. Thi s enabl es your busi nesstomgrate
fromcurrent technol ogy to energi ng sw tched t echnol ogy wi t h nini nal
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i npact tocurrent i nvestnents. Additional network nanagenent capability
isasorel easedin VIAVA4. 3.

Wth the AnyNet/ M/Sfeat ure of VTAMVersi on 4, Rel ease 2, SNA
appl i cati ons execute over TR | P (enabl i ng TG | Pusers to access SNA ap-
plications suchas ARG printers, and enul ators) and TG | Psocket s appl i -
cations coul d execut e over SNA (enabl i ng S\NA end user s on subar ea and
APPNnet wor ks t o access Berkel ey Software D stri buti on Cl anguage sock-
ets applications suchas N\S A NG and X Wndows). Thi s enabl es addi ng
applications designedtorunover different protoco s without changi ngthe
appl i cati ons or nodi fyi ng har dware. Based on MPTN (descri bed earlier),
AnyNet/ MSi s designed to al | owany appl i cationtorunover any network-
ingpratocd .

Now, AnyNet/ M/S, with VTAMA4. 3, supports the | BM(pen Bl ue-
print and § 390 (penkEdi ti on obj ective of UN Xapplication support on
MAS ESApl atforns. Thi s feat ure provi des DCE RPC socket appl i cation
support across APPNand SNA net wor ks as wel | as support for MY ESA
i nt egrat ed socket s and conver ged sockets. | ntegrat ed socket s support en-
abl es Quenkdi ti on socket appl i cati ons to choose ei ther AyNet/ MSor TR
IPasthe network transport. Gonverged socket s support enabl es those appl i -
cations not only to choose between APFN SNAor TP I Pas the transport
vehi cl e but a soto dynanical |y and si nul t aneousl y choose t o conmuni cat e
across ei ther APPN SNA TCP | P, or bot h net wor ks based on whet her t he
host appl i cati on has a sessi onw th an end poi nt on one or the ot her net -
wor ks. These enhancenent s provi de UN X appl i cati on environnents wth
qui ck and easy access to t he resources of the APPN SNA networ k. Even
prior totheintroductionof the MPTNarchitecture, NetB G5 1PX and
sone ot her protocol s’ traffic coul d betransported over TR IP. NetB G5
and X 25traffic a socoul d be transported over S\NA

Transport Services

Avariety of network protocol s provideinfornationtransport over both
W de area and | ocal area networks. These i ncl ude Syst ens Net work Archi -
tect ure/ Advanced Peer-t o- Reer Networki ng (SN APPN), descri bed earl i er;
Transmissi on @ntrol Rrotoca /Internet Arotoca (TAR 1P; Qen Systeml n-
terconnection ((H); NetB G5 and I nternet Packet Exchange (1 PX). Each
protoca supportsinterfaces usedtoaccessits services. Asoincludedare
various end-to-end netvork noni tori ng functions that protect dataintegrity
and hel p to avoi d congesti on.
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Subnet wor ki ng

Subnet wor ki ngprovi des a struct ure al | ow ng networks to evol ve t o accom
nodat e and expl oi t newhi gh- speed t ransnissi on t echnol ogi es wi t hout j eop-
ardi zi ng exi sti ng busi ness appl i cati on and network i nvest nents. 1t i ncl udes
products that represent pieces of al arger network, connectionstoloca area
net wor ks (LANs), connections to w de area networ ks (WWANS), host chan-
nel s, and ot her hi gh-speed transnissi on servi ces. Miny of t hese product s
have beend scussed earlier inthis chapter andinaother chapters of this book.
Eachtype of fers a uni que set of configurability, connectivity, and perfor-
nance options at varyi ng cost | evel s.

I BM's Nnays fam |y of hardware and sof t war e product s, i ncl udi ng
the 2217 Nnays Mil ti prot ocol Goncentrator (MO inH gure 6.8, enabl es
bui | di ng di stributed nul tivendor networks. These devi ces connect TGH IR,
SNA APPC LWB. 2, Net\Vre, Banyan, DEQhet, Net Bl G5, and Novel | | PX
usersintointegrated LANand WAN net wor ks. The 2217 MC expands t he
scope of your SNA network to enbrace nul tiprotocol LANto- LANcom
nuni cati ons. Wththi s devi ce, you can provi de hi gh speed connectivity for
snal | workgroups or renote offices requiringinteroperabilityinany size
SNAnetwork viafrane relay, X 25, and Synchronous Dat a Li nk (S0LO
links. Built onAnyNet protocol conversi on and AAPNdynanic routi ng t ech
nol ogy, the 2217 converts non- S\Aprotocol s to S\ transports t hemover
the WAN and converts themback to their native protocol s onthe ot her
end

Newt echnol ogy i s i ntroduced frequently, and exi sting technol ogy
evdvesragpdyinthisarea Theseincl udewrel ess conmoni cationfacilities
(key to nobi | e conmuni cation), very hi gh- speed synchronous optical net-
work (SONET) technol ogi es, and asynchronous transfer node (ATN fa-
cilitiesbasedonhighspeedfranerel ay or cel | rel ay t echnd ogy.

Asynchronous transfer node (ATN)s a rapi d y energi ng hi gh- speed
transnissi on servicewthavery highbandwdth (inthe gigabytes). Inits
sinpl est form ATMi s a newand fast er technol ogy t hat acconmodat es al |
exi sting dat a communi cati on protocol s, i ncluding APPNand SNA It w |
al sosupport exi stingapplications suchas Enail, distributed dat abase, ad
distributedtransacti on processi ng. Viat nakesit dranatica ly d fferent ad
uni que as an energi ng technol ogy i sits support of nul ti nedi a.

Ml tinediais the bl endi ngtogether of conputer data processi ng,
aud o/ vi sua technd ogy, andvideo d spl ay technd ogy i naninteracti ve envi -
ronnent. Bvol vi ng appl i cati ons i ncl ude enhanced wor kgroup (cdl | abor at i ve)
conput i ng, deskt op conf erenci ng, and vi deo- on-denand. Each of these re-
qui res network access t o shared or conmon real -ti ne dat a.
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Characteri stics of nul ti nedi a conmuni cati ons i ncl ude
« \erylargeanounts of infornation

e H gh bandw dt h and t hr oughput requi renent s

+ Miticast/broadcast applications

e ntinuous streans of infornation

e Tderanceof |ost data
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Figure 6.8. |BM2217 Naays Mil ti protocol Goncentrator (MQ .
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Thi s conmuni cation differs fromordinary “fast” data conmuni ca-
tioninthelast threelisted characteristics. Toensure aconti nuous st reamof
informationandtonaintainitsrea -tine val ue, conmuni cati on servi ce nuist
be guarant eed fromi nput devi cetooutput devi ce. This affects every | ayer of
the Qpen B ueprint. Each conponent i nvol ved i nthe transnissi on nust be
awar e of and under stand t he dat a stream bandw dt h and t hr oughput , | oss
tderation latency andather technica factors.

ATMi s a subnet wor ki ng t echnol ogy that addr esses t hese requi renent s

by
e integaingaud o video, axddaatraffic.
e separatingcontro el enents fromdata el enent s.

e providi ng hi gh-bandw dt h poi nt-to-poi nt and poi nt-to-nul ti poi nt
connecti ons.

e providi ng bandw dt h on denand.
« scalinginspeedand di stance as needed.

e nanagi ng transnmssi on end to end and guaranteei ng qual ity of ser-
Ve

ATMnodes provi de afast and fl exi bl e packet - swit chi ng servi ce, using
nul tipl exi ng for better bandw dth use. The packets wthin ATMare cal | ed
“cells,” each of whi ch contai ns 48 dat a byt es preceded by a 5 byt e header,
for atotal of 53 bytes. Wseof thisprotoca is bei ngdriven by conmuni ca
tioncarriers, cab e TV, nedi aproducers, and d | i ances bet ween vendor s and
LS.

Signal Ii ng and Control Pl ane

Ener gi ng t echnol ogi es such as vi deo- on-denand, conput er - based t el ephony,
and conferencingw | requiredirect accesstothefunction provi ded by the
Subnetwor ki ng | ayer. The S gnal Iing and Gontrol A ane has been added to
better support the nergi ng worl ds of data andtel econmuni cations andto
provi dethe access tothe Subnetworki nglayer. 1t wll provi de functi ons such
as ca | setup/teardown and contra s for vi deo or audi o conferences. S gnd -
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ling, inaconmunicationnetwork, isthecallectionaof procedures usedto
dynanical | y nake, keep, and end connections that requireinfornationex-
change bet ween t he net wor k users and t he swi t chi ng nodes. The si gnal i ng
functi ons defi ne t he appropri at e sequence and fornat of nessages that are
exchanged across the network i nterface. | n an ATMsubnet wor k envi r on-
nent, for exanpl e, a singlenultinediaapplicationcouldsimiltaneously
send and recei ve dat a usi ng transport servi ces such as TP | Pand set up
connecti ons to send and recei ve vi deo or audi oviathe S gnal | i ng and G-
trd Rae

TheSgnallingand Gntrol Haneisbasedonthe Internati onal Tech
ni cal Lhi on-Tel econmuni cat i ons S andar di zati on Sector (1TUT, fornerly
the GO TT) Integrated Services Dgital Network (I SN control plane. It
has been generd i zed, however, toincl ude the switch connection support for
other network types andtoprovidethe contro for thel owl evel ol tipl ex-
ing of video, audi o, and dat a. Because each different subnetwork hasits
own uni que connection setupinterface, the @en B ueprint S gnal i ng and
Qntrol Haneis asuperset of these various subnetwor k connecti on proto-
cal s and subnet vor k speci fi ¢ functi ons.

Systems Management

A key conponent of the B uepri nt—Syst ens nanagenent —applies to al |
Qpen B ueprint services. Through i ndust ry st andards, such as SNAnanage-
nent services, the TGP | P S npl e Net wor k Managenent Prot ocol (SNWP),
and t he G5l Common Managenent | nf ormation Protocol (OMP), all
nanagenent di sci pli nes are covered, and nul ti protocol and nul ti vendor
environnent s are supported. SystenM ew describedin Gapter 7, isthefrane
work for providing both centralized and di stributed, enterprise-w de
systens and net wor k nanagenent , pl anni ng, coor di nati on, and operati ons.
The proposed C&F O st ri but ed Managenent Envi ronnent (C5H DME) fits
W th the Systemi ewstructure. Two System ew conf or ni ng product s,
Net Vi ewand Net Vi ew 6000, hel p nanage appl i cati ons i n an MPTN envi -
ronnent, werethe applications usetransport protoca s different fromthe
ones for vhi chthey vere origi nal |y desi gned.

As ve have seen, the Hueprint provides afranevork for integrating
LAN and WAN net wor ks, for provi di ng nanagenent services, and for
eddingefficet lirkuilizaion hchavalaility, adpred ctad erespose
tine. The precedi ng di scussionbeginstoillustratethe conpl exity of
net wor k conmuni cat i ons. Rat her t han beconing obsol eteinthis rapidy
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eval vingworl d, Systeni390i s positionedto provi de uni que advant ages to
gronnghbusinesses. Hgure6.9graphicalyillustraesthere ationshipof a
large S 30 paral | & syspl ex envi ronnent tothi s networki ng servi ces struc-
ture. Thefd |l owng secti ons provi de nore detai | onspecific e enents of the
net wor k.

Communi cations Options

Today’ s busi nesses ar e pl aci hg i ncr easi hg enphasi s on conput er conmuini -
cations. Thi s section provi des an overvi ewof son@ conmuni cati ons opti ons
usedwththe S30fanily. Theseincludecircuit cardsthat areinstaledin
an § 390 processor unit (integratedcommuni cations adapters for rack-
nount ed syst ens) and st andal one boxes that attachto S 390 I/ Ochannel s.
Thr ough t hese conmuni cati ons options, S 390 conput ers attach to each
other andto other types of conputers of any si ze.

Wit hthe understandi ng of interfaces and prot oca s provi ded i n Gap-
ter 2, wearepreparedtol ook at speci fi ¢ conmuni cati ons opti ons avai | abl e
for §390 conputers. A thoughthi s chapter does not provi de a conpr ehen-
sivelist of al conmuni cati ons optionsthat are avail abl e for S 390 conput -
ers, it does discuss representative optionsthat fit nany conmon busi ness
needs. Because configurationlinitati ons governwhi ch and howconmuni -
cations options can be used together i nasing e conputer system | BMor an
aut hori zed deal er shoul d be consul t ed when confi guri ng syst ens.

I ntegrated Communications Adapters

390 rack- nount ed processors attach |/ Odevi ces through ei ther a bus or
an|/Ochannel . Wththe bus, dravers contai ni ng expansi onsl ats are nount ed
inthe 9390 racks. These expansi on sl ot's acconmodate aline of integrated
adapters that add functiontothe S 390 conput er.

Tel ecomuni cati ons SubsystemControl |l er
The Tel econmuni cat i ons SubsystemQontrol | er attaches § 390 conput er s

toavariety of general - purpose conmuni cati ons networ ks and devi ces. Thi s
subsyst emconsi sts of a communi cati ons processor card and eit her
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nul ti protocol adapters or asynchronous adapt ers. The conmuni cat i ons pro-
cessor card has a nicroprocessor and t he necessary support circuitry/ pro-
grammi ng t o exchange i nfornati on usi ng the BSG LG HLC(siml ar
toSLQ, or TTQ (used to conmuni cate wth ASd | ternminal s and pri nt -
ers, for exanpl e) protocol s. Wsing BSC LG or HLC conmuni cati ons
speeds of upto 64,000 bits per second are supported. The TTQ supports
sl over speeds of upto 19,200 bits per second. The conmuni cat i ons proces-
sor carditself has nostandard el ectrica interface and nust, therefore, be
used W th adapters that do provi de astandardinterface. Qe conmuni ca-

4:10:40 19360

Figure 6.9. Parallel sysplexfully participatesinthe Qoen B ueprint Netvork Ser-
MiGs
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tions processor card supports uptofour nul tiprotocol adapter cards, pro-
vi di ng a naxi numof ei ght communi cations | i nes w th one t el econmuni ca-
ti ons subsystemcontrad | er.

The nul ti protocol adapter card conponent of the tel econmuni ca-
ti ons subsystemcontrol | er provi des two conmuni cations lineinterfaces that
conf ormt o one of these st andar ds:

« BARS232C(ITUTV. 24/ V. 28)
« BARS366A(ITUTV. 25/ V. 28)
« ITUTV.35

« ITUTX 21 and X 21bi s

Aternatively, uptofour asynchronous adapter cards canbe usedin
pl ace of the nul ti protocol adapter cards. Each asynchronous adapt er card
provideseight RS232-C(1TUTV.24/V.28) interfaces. This neans that one
t el econmuni cat i ons subsystemcontrol | er can provi de up t o 32 asynchro-
nous conmuni cati ons | i nes.

ASCl | SubsystemController

The AQ | Subsystem@ntrol | er attaches devi ces conforming tothe Aweri -

can Sandard Gde for Infornati on | nterchange (A1 1) protocol, commonl y

used by ternminal s and printers not speci fi cal |y desi gned for use wth S 390
conput ers. The ASd 1 Subsystem@ntrol | er consists of a conmuni cati ons
processor card and up to four asynchronous adapt er cards. The conmuni -

cati ons processor card has a nicroprocessor and the ci rcui try/ progranming
necessary to exchange i nfornati on usingthe ASQI protocol . It passesthe

AaIl infornationdirectlytothe §390 processor unit ( transparent nodg
or convertsthe ASd1 infornationintothe “native tongue” of the §390
conputer using a 3270 Data Streanf 3270 enul ati on nodg.

The conmuini cat i ons processor carditsel f has no standard el ectri cal
interface; it nust be used wth one to four asynchronous adapt er cards.
Each asynchr onous adapt er card provi des ei ght RS-232Cel ectrical inter-
faces. Thisneans that asing e AS31 SubsystemCntroller directly attaches
toupto 3R AT devices. These devices canbetermnd s, printers, FS2s, or
nodens used t o communi cate wth distant ASd | devi ces.
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X. 25 TCP/ I P Communi cati ons Subsystem Control | er

The X 25 TGP | P Gommuni cat i ons Subsystem@ntrol | er attaches § 390
conput er s t o packet - sw t ched net works that use the TG IPprotocal . As
described earlier, packet-swtched networks split infornationinto snall

groups (packets) of digital data(using for exanple, the T(H | Ppratocd as

apackagi ngfornat). Each packet isthensent toits destinationel sewherein

t he net wor k t hrough t he nost econonical and avai | abl e route. S nce each
packet isroutedinthe nost efficient way, overal infornationflowisim

proved over conventional techni ques. The TR I Pprotocal is anindustry
standar d of ten used t o exchange i nf or nat i on w t h conput er systens of nany
d fferent brands and types.

The X 25 TQY | P Gormuni cat i ons Subsyst emGontrol | er consi sts of
one communi cat i ons processor card and one mul ti protocol adapt er card.
The communi cat i ons processor card has a nicroprocessor and t he support
circuitry/progranmingto participatein TG? | P conmuni cat i ons net wor ks.
The conmuni cati ons processor carditsel f has nostandard el ectrica inter-
face. Theinterface (R5232C X 21bis, X 21, or V.35) is provided by the
nul ti protocol adapter card, allowngthe S 390 conputer to attachto one
X 25 net wor k.

Token- Ri ng Subsystem Control |l er

The Token- R ng Subsystem@ntrol | er attaches S 390 conputers toan | BV
token-ring network. This | ocal areanetwork (LAN al | ows conput er sys-
tens wthinclose proxi ity toeachother (for exanpl e, i nthe sane bui | d-

i ng) to conmuni cat e efficiently. The Token- R ng SubsystemGntrol | er con

si sts of one conmuni cati ons processor card and one t okentring adapt er card.

The communi cat i ons processor card has a nicropr ocessor and t he support
circuitry/ progranmingto participateinatokenringnetwork. The t oken

ringadapter cardprovidesthe e ectrical interface necessarytoattachtoa

token-ring network. Qe Token-R ng Subsystem@ntrol [ er al | ons an § 390
conput er to attachto one token-ring network.

802. 3 LAN Subsystem Control |l er

The 802. 3 LAN Subsystem@ontrol | er attaches § 390 conputers to an
B hernet LANor other LANconforningtothe |IBEEE802. 3standard. Thisis

359



360

EXPLORING I BM' S NEW AGE MAI NFRAMES

anot her type of | ocal area network (LAN, which al | ons conput er syst ens
wthinclosepraxi nity toeach other toconmoni cate ef fici ently. The B hernet
LANi s oftenusedto al | owconput er systens of nany di fferent nakes and
types t o conmuni cat e w t h one anot her.

The 802. 3 LAN Subsystem@ntrol | er consi sts of one conmuni ca-
tions processor card and one | BEEE 802. 3 LAN Adapt er Gard. The commu-
ni cati ons processor card has a nicroprocessor and t he support circuitry/
progranming to participateinan 802. 3 LAN The 802. 3 LANAdapter Gard
providesthee ectricd interface necessarytoattachtoanBhernet (or | EEE
802. 3 conforning) LAN (ne 802. 3 LAN SubsystemControl [ er al |l ows an
S'390 conputer toattachto one B hernet (or other 802. 3) LAN

Channel Controllers and Adapters

Atachingworkstations (displays or printers) to S 390 conput ers requi res
t he proper conmuni cati ons controll er toact as aninternedi ary between the
vorkstation and the §390 conput er. By havingit nanage the workstati on
traffic, thecentra processorsinthe S 390 conputer arefreeto spend nore
of their effort running user appl i cation prograns, conpl eti ngnorevworkin
agiven anount of tine.

@nnectivity fromthe host toend usersinatel econmuni cati ons en
vi ronnent traditional |y has been acconpl i shed usi ng | BMIs 3172, 3174, and
3745 Gontrol | ers. The | BMI3172 | nt er connect Gontrol | er Mdel s 1, 2, and
3, when used as a LANto host gat eway, provi de host attachnent via paral -
el or ESONchannel stotoken-ring, Bhernet, and FCO LANs. The | BM
3174 Establ i shnent Gontrol | er provi des connectivity for S\N& and non-
INA-at t ached devi ces, alsoviapara lel or ESCNchannel s. The | BVI3745
Gormuni cati ons Gontrol I er is anedi umto high-end control | er that runs
the A0/ NCP | i censed program It control s dat a communi cati on bet ween
nodemat t ached, directly attached, token-ring netwvork—attachedternina s,
or Bhernet LAN-attached workstati ons and avari ety of other devi ces. Each
o thesecotrdlersisd scussed be ov

In 1994 t he § 390 pen Syst ens Adapt er (CBA) was i ntroduced to
provide greater flexibility betweenthe host and end user workstati ons. I'n
1995 a second versi on, CBA2, was i ntroduced. These devi ces, di scussed
later innore detail, al soprovideindustry-standard connectivitytol oca
ar ea networ ks (LANS) .
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3174 Establ i shnent Controll er

The 3174 Establi shnent Control |l efam|y consists of an array of nodel s
wthvarying capabilities (see Hgure 6.10). Eachnodel hastheabilityto
connect to sone nuniber of workstations that it controls and al soto an
S'390 conput er (s). V@rkstations (such as 3270 di spl ays, Ad | di spl ays,
personal conputers, and printers) can be cabl edtothe connectors (ports)
provided onthe 3174. Al 3174 control l ers cone wth ports designedto
accept the round coaxi al cabl e conmonl y used w t h 3270-t ype di spl ays and
printers. Oy one 3270-type devi ce att aches t 0 each coaxi al cabl e port.
Hovever, if a329termna nul tipl exer i s used, asingl ecoaxia cableport
attaches toas nany as thi rty-two 3270-t ype devi ces.

Two nodel s, the 12L and t he 221, have ESOON connecti vity sup-
porting di stances of up to 43 kmusi ng two ESCON XOFs and one ESCON
link (dscussedinCeapter 4). Termnal sthet utilizethe AS31 protocd d so
attachto 3174 Establ i shnent Gontrol | ers equi pped w t h t he asynchr onous
enul ationadapter feature.

The 3174 nust be attached to the § 390 conput er to conpl ete t he
connection. Vilenthe 31741 sinthe sane area (sane bui | di ng or canpus) as
theconputer, it atachesdrectly (localyattached) anditsworkstations are
calledlocal workstations. The 3174 a so attaches | ocal | y to an §390 com
put er t hrough host i nterfaces such as Syst end 390 channel s, ESGN chan-
nel's, or atoken-ring network. Wenthe 3174 andits workstati ons are di s-
tant fromthe S 390 conputer (for exanpl e, inancther state) and i nteract
wththe § 390 over a conmuni cations |ine (renotely attached), the work-
stations arecal ed renot e vorkst ati ons.

The 3174 control | ers connect to a conmuni cati ons | i ne usi ng one of
severa conmuni cati ons interfaces. Theterm‘interface” cdlectiveyrefers
tothe comector, e ectrica votageleve's, and comnector pi nfuncti ons that
are provided for the attachnent to a communi cations |ine. Sone 3174 nod-
el s support the BAR®32D(al socalled I TUTV.24/V.28), ITUTV. 35, and
ITUTX 21l interfaces. The optional | SCNBasi c Rate | nterface Adapt er
al | ows a 3174 t o conmuni cat e over high-speed Integrated Services Dgita
Net wor ks (1 SDNs) .

Qethe3174is connected (usi ng one of theseinterfaces) tothe com
nuni cations line, it uses oneof severa dfferent conmuni cati ons protocd s
toeffect i nffornati on exchange wththe §39 conputerstowhichit isat-
tached. (Thepratocd istheset of rdesanddatafornats usedtoefficiently
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Soace Hist Goao fulzez 2270 htzee ASGH

Porns Interface Ports Devices Cevizes Cther

1L SE370 G hannel 4 =] 24 Standakone unit
[lally 2tz hed )

1R ElA 2320 orV.35 4 54 24 Standakone unit
feornmunizations line)

2L EZCON Channel 4 o4 24 Standakone unit
{localhy stz hed)

1ER ITU-T 524 4 54 24 Standakone unit
feornmunizations line)

1z2R Token-Ring Metwork 4 =) 24 Stardakone unit
{ocadly stz hed )

21l SET0Channel L) 4 24 Rack rourtable
[lzally 2t hed)

2R ElA 2320 orv.35 4 =23 24 Rack mourtable
feornmunications line)

2L ESCON Channel 4 3 24 Rach rourtable
[lzally 2t hed)

=R ITU-T %24 4 23 24 Rach rourtable
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=3R Token-Ring Metwork 4 =) 24 Reck mourtable
{locadly stz hed )

B1R ElA 2320 or V.25 =] b1 & Rach rourtable
fzomn rmu nications line) ar tabletop

B2R ITU-T 524 9 16 & Rack rmourtable
feornmunizations line) or tabletop

B3R Token-Ring Metwork 9 16 & Rack mourntable

or tabletop

QoR ElA 2320 or'v.25 1 & u] ARtS &5 gatewsay

feornmunizations line) forup to40

workstations on a
ohen-ring network

iR ElA 2320 arv.25 1 & u] Fack mountable
fzomn mu nications line) ar tabletop

f==1 3 ITU-T .24 1 & u] Fack mountable
fzommn rmu nications line) ar tabletop

Figure 6.10. Sunmary of 3174 Establishnent Gontrol [ er characteri sti cs.

nove i nf ornat i on bet ween two conmuni cat i ng devi ces.) Frotocal s supported
by the 3174 i ncl ude .G B sync, and | TU T X 25. The 3174 al so sup-
ports connectionto SN AFFN and TGP | P. 1 BMpl ans t o expand t he 3174
Establ i shnent Gontroller network as amul ti protocol terninal / conmuni ca-
tions server. Sone 3174 Establi shnent Gontrol | ers are sel f-contai ned units
designedtorest onatabletop;, athersaredesignedtobeinsta ledinanin
dust ry-standard 19-i nch rack.
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3172 I nterconnect Controller

Two nodel s of the 3172 I nterconnect Gontrol | er support S 390 processors.
They enabl e processor resource sharing (printers, DAY, and tapes) in
client/server ervi ronnents and for extended dat a centers. Mdel 1 provi des
renot e channel -t o-channel support usi ng ESCNor parall el channel s. It
supports w de area networks (WANs) using TLcarrierswth data stripi ng,
Elcarriersfor Burope, and J1 carriers for Japan. It supports tw ESCN
adapt ers, whi ch cannot be nixed wth paral l el adapters. Upto 321 ogica
pat hs provi de mil ti pl e host support. The datatransfer rateis 1.5 MBper
second over a naxi numdi st ance (usi ng ESCNchannel s) of 43 km(26. 7 nil es).

Mbdel 3 provides | ocal gat eway support, using ESCNor paral | el
channel s, to | BMtoken-ring network (and LANs neeti ng | EEE 802. 5
token-ring standards), Bhernet Version 2 (and LANs neeti ng | BEEE 802. 3
CSW (Dstandard), and OO (1 S09314) protocol s. This nodel supports
one ESCMNadapt er and provides upto 16 | ogi cal paths for nul ti pl e host
support .

I'n 1995, the Mdel 3was enhanced to support hi gh-bandw dt h, hi gh-
speed asynchronous transfer node (ATM LANs viathe TURBOWAYS 100
ATMAdapt er. Thi s adapter offers 100 mllionhits per second (Myps), full -
dupl ex LANt 0 host gat eway connectivity to ATMnetworks. It al so pro-
vi des token-ring and B hernet LANenul ation, al | owing userstorunexist-
ing applicationstransparentlytothe ATMnetwork. It connectsto S 370
and 9390 hosts, andit supports SNAor TAR I Pdatafl ows through paral | €
or ESGON channel s.

3745 Communi cati ons Controller

As the conpl exi ty and si ze of a conput er conmuni cati ons network grows,
i t of ten becones necessary to hand e nany di fferent conmuni cati ons proto-
cas, different |inetypes, and nuch nore conmuni cati ons traffic. The 3745
Qormuni cati ons Gontrol l er, showninFgure6.11, works i nconcert wth
an § 390 processor unit and ot her conmuni cat i ons equi pnent to i npl enent
and nanage such networks. By handl i ng t he processi ng associ atedwththe
netvork (for exanpl e, palingthed splay stations), the 37451 etsthe S 390
conput er spend nore effort runni ng appl i cati on prograns.
A3745i s astandal one, highly specialized conputer systemconpl ete
wthnultipl eprocessors, nainand di sk storage, andits own progranmng
call ed the Advanced Conmuni cati ons Functi on/ Net work Control Program
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Figure 6.11. 3745 Gonmuni cations Gontrol | er.

(ACH/ NCP). The fanily of 3745 Gormuni cati ons Gontrol | ers consi sts of
sevenoriginal nodel s (130 through 610in H gure 6.12) and fi ve never A
Mdel s (17A 21A 31A 41A and 61AinFHgure 6.13), which offer differ-
ent performance | evel s and capabilities. Additional expansionunits (the
Mbdel 3746, described|ater) expandthe capability of the 3745 nodel s.

The Anodel s add two features to the origi nal 3745 nodel s—a
servi ce processor Wt h an ext ended nai nt enance and oper at or subsyst em
(MOBS-B) and 16 MB of storage, an optional feature avail abl e only on
Mbdel s 31Aand 61A The pri nary pur pose of the newer nodel s i s to sup-
port the addition of newcapability inthe 3746 Extensi on Lhits Mdel s 900
and 950. Aprinary busi ness benefit isrealized, however, inthe consdida
tionof front-end processing onfever 3745s wththeintroducti onof the A
nodel s. ESON channel s, ext ended comuni cation |ines, and ext ended
token-ring adapt er capacity contributetotheabilitytoconsdidate. Gn
solidationsinplifiesthe nanagenent of the SNAnetwork, al so reduci ng
associ a ed cost s.
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Pebor =l Cordrol Units Sorage

a2

120 i +—2ME  Spediaized for processor unit—io-proosesor
uni't conn munics §ons and okenTing etk
gerteety applicaton
150 1 2B Lowerd speciaized for rem o operation
170 1 2B Generd purpoess (mnoal o medium netaodes)
210 1 +—2ME  Generd purposs (irdermedate o large netvorks)
0 1 2B  Generd purposs, higher periorm ance han Model 240
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Figure 6.12. 3745 Gommuni cati ons Gntrol | er nodel sunmary.

3745 Central Control Units (CCUs) 1 1 1 2

Maximum storage (MB per CCU)

Parallel channel adapters

ESCON channel adapters

Token-ring LAN ports (4/16 Mbps)

Lines up to 19.2 Kbps
Lines up to 64 Kbps
Lines up to 256 Kbps
Lines up to 2 Mbps

Ethernet—type V.2 ports

3745 Model
17A 21A 31A 41A 61A
2
8 8 16 8 16
4 8 8 8 8
2 8 8 8 8
96 128 128 128 128
24 32 32 32 32
6 8 8 8 8
2 8 8 8 8
4 16 16 16 16

Fi gure 6.13. Mixi numconfigurations of 3745 Mbdel A Gormuni cations Gontrol -

lers (wthout 3746 Extension Lhits).
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The 3745 attaches to |/ Ochannel s i n an S 390 processor unit on one
si de and t o nodens, conmuni cations lines, termnal's, | ocal area networks,
and ot her conmuni cat i ons equi pnent on the ot her side. Thelargest of the
origina 3745nodel s, wththe hel p of its 3746 Expansi on Uhits, attachesto
16 I/ Ochannel s and nanages 896 | i nes (Wth upto 416 bui | t-i n nodens) ;
16 hi gh- speed conmuni cations lines (TL1ines operatingat 1.5 Myps or CGBT
lines operatingat 2 Myps); 16 attachnents to B hernet LANs; and 8 attach
nents totoken—ing LANs. Miltipl e 3745s (and t hei r associ at ed 3746 Ex-
pansi on Lhits) canbe attachedinada sy-chainfashiontocreatestill |arger
net wor ks. The 3745 Gonmuni cations Gntrol |l ers cooperate fully wththe
Net i ew net wor k nanagenent program whi ch hel ps noni tor and t roubl e-
shoot | arge conmuni cati ons net wor ks.

Fgure6.14illustrates the use of 3745 Gonmuni cations Gntroll ers
w th ACH NP to buil d vari ous communi cati ons networ ks. The 3745 Gom
nuni cati on Gntrol I er (Mdel 610), locatedinthe mdd e of the figure and
connect ed t 0 a 3746- 900 Expansi on Lhi t, provi des connecti on between di f -
ferent networks and | arge S 390 processor units at several different | oca
tions. The3745attachestoal ocal processor through ml tiplel/Ochannel s
and nativel y attaches t o ESCNchannel s, i nprovi ngthe overal | inforna-
tionflowbetweenit andthe S 390 processor unit.

The 3745 nodel s have one or two  central control units (Q3Js)whi ch
areits conmand/ control centers. Havi ng two i ndependent |y operati ng cen
tral control units, each runningits own copy of the ACH NP program
i nproves perfornance and fl exibility of the 3745. Inatwn G3Jconfi gura
tion, a 3745 can have both Q3% i ndependent |y acti ve, bot h active but one
acting as a backup, or one active andthe other instand by node. | nproved
per f or nance enabl es t he 3745 t o handl e nor e hi gh- speed communi cat i ons
links cocurrently.

Inour figure, the 3745 Mdel 610 a soattaches toand participatesin
atoken-ring network, enabling PS2s onthat network to access S 390 resi -
dent applicationprograns andinfornation. Qher frane rel ay and B her net
LANs connect to | arge processors through t he 3745 Gonmuni cat i ons Gon-
trdler, asoprovid ngaccess tohost-resi dent appl i cati on prograns.

Thoughnot inour illustration, asnaller S 390 conputer wthaset of
local users attached coul d attachtothe 3745 over a hi gh- speed conmuni ca-
tionsline(for exanple, aTLlineoperatingat 1.5 Mbps), supportinginfor-
nat i on exchange bet ween the [ arge § 390 processor and the snal | er § 390
processor. It alsoall ows users at the snal | systemto pass t hroughand | og
ontothelarger host S 390 conputer (assunming that they are aut hori zed to
do s0).
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Figure 6.14. 3745 Communi cations Gontrol | ers wth AJY/ NP support many types
of networks.

Another alternative, not pictured, i stousethe 3745 Gonmuni cati ons
@ntroller toconnect apool of terninalsand printers that needto conmu-
nicatewththehost 390 conputer. For asnal | pool of devices, this need
coul d be net by a 3174 Establ i shnent Gontrol | er.

3746 Model 900 Extension Unit

Early nodel s of the 3746 Expansi on Lhit incl ude the All, Al2, L13, L14,
and L15. The L nodel s provi de additional interface coupl ers, andthe A
nodel s provi de addi ti onal channel or 1ine adapt ers. The 3746-900 i ncr eases
the 3745 connectivity by offeringthe possibility of installing one or two
adapt er encl osures, as your comnmuni cati on needs grow and a choi ce of
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three adapter typestoneet different conmuni cation needs. The basi ¢ encl o
sure houses up to four adapters; the expansi on encl osure houses up t o si x
nor e adapt ers. The adapt er types can be nixed i n bot h encl osures of the
3746.

A communi cation | i ne adapt er (CLAYonsi sts of a communi cati on
lineprocessor (AP anduptofour lineinterface couplers. TheQAsin
crease the nuntoer of conmuni cationlinesthat canattachtothe 3745t0 as
nany as 120, operatinginhal f- or full-dupl ex node. The | TU T st andar ds
supported are V. 24 nonsw t ched and swtched | i nes (supportingupto 19.2
Kops), V.35 nonswtchedlines (upto 2. 048 Myps), X 21 nonsw t ched | i nes
(alsoupto2 048 Myps), or V.25bi s protoca over V.24 swtchedlines. Gm
nuni cationline adapters of the 3746-900 provi de ahigh-avai [ ability option
inwhi chapair of conmuni cationline processors can be operatedin backup
node.

An ESCON channel adapt erconsi sts of an ESGON channel pr ocessor
and an ESOON channel coupl er. The ESOON channel adapt er attaches the
3745toahost viafiber optics. Upto 16 host channel s canbe attachedto
one ESON channel adapt er usi ng an ESCOND rect or (di scussed i n Chap-
ter 4) for dynanic swtching. Parallel transmssiongroups, usingtwo or
nore ESCNand paral | el channel s, can be defined inthe ACH NOP soft -
wvare running i nthe 3745. Ghannel types canbe mxedinaparall el trans-
nssi on group. Gonpared w th current paral l el channel s, ESCONchannel s
provi de great er di stance between t he host and t he 3745 (up t o 3 kmaway
but up to 43 kmaway usi ng an ESCIND rector), nore configuration fl ex-
ibility, increased perfornance, and decreased sensitivity tonoi se. BMIFfunc-
tion, whichall ows several |ogical partitions (LPARS) to sharethe sane
ESONchannel , is supported. This pernits a si ngl e ESQNchannel adapt er
t o conmuni cate w th several LPARS.

Token-ri ng adapt er £onsi st of atoken-ring processor (TRY) and one
or two tokenring coupl ers. These cangreatly i ncrease t he nuntver of t oken
ring LANstations that canbe attachedtothe controller. The token-ring
processor can connect up to 2000 acti ve physical units, such as PS2s or
3174 BEstabl i shnent Gontrollers, at the sane tine. These support very high
throughput, closetothat of thetoken-ring nediaspeed. Anadvant age of
usi ng t he 3746-900 f or token-ring LANsupport isthat it frees up adapt er
posi tions i nthe 3745 base frane, whi ch can be used for B hernet and hi gh-
speed | i ne adapt ers. Wien used i nthi s manner, the 3745 has a naxi hum
capacity of 16 B hernet ports or 8 hi gh-speed | i nes and t he 3746- 900 has a
naxi numcapaci ty of 20 or 21 t oken-ring LANs.

The 3746- 900 adapt er s can i nprove t he overal | performance com
pared t o a standal one 3745. The adapters take over datalink control func-
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tions fromt he 3745 AO0H/ NP, reduci ng t he wor kl oad of the NJP and al -
lowngthe 3745 QJnoretine for other NP activities. Inapuretoken-
ring environnent, for exanpl e, the nmxed environnent of a 3745 and
3746- 900 sust ai ns a naxi numdat a t hroughput uptothreetines that of a
st andal one 3745. The 3746- 900 conmuni cati on | i ne adapt ers i ncrease t he
nunter of high-speedlines (upto201ines operatingat 2. 048 Mbps), sup-
porting nore users and i nproving traffic fl owbetween users and appl i ca-
tions. The adapter a so provides frane rel ay swtchingwthout goi ngthrough
AT/ NPinthe attached 3745, al | ow ng nuch hi gher sw t chi ng t hr ough-
puts andfreeingthe 3745 of thet trafficload

The Mbdel 900 concurrent|y supports t he APPN net wor k node f unc-
tions and NOP S\W subar ea or Advanced Peer-t o- Peer Networ ki ng (APPN
conposi t e network node functi ons. 1t uses exi sti hg adapt er s and shares t hose
adapter resources wth NP control ledtraffic. As anetvork node, the 3746
autonaticallyregistersthetopo ogy of the network and updates thi s topd -
ogy wWenever it changes. It uses this dynanic know edge of the network to
autonatical |y | ocat e any resour ce and conput e possi bl e routes wthinthe
net wor k. The 3746 net wor k node supports APPN (PUtype 2.1, such as
PS 2s and | BVI3174 Enterprise Gntrol | ers), non- APPN(i ncl udi ng PUt ypes
1.0and 2.0, such as 3270-t ype devi ces), and | owend networ ki ng (PUtype
2.1, such as | BMSyst ent 36s, or nodes wi thout APPNinstal | ed, such as
AS 400, PS2or RQ.

The | BMI3746 Mbdel 900 i s enhanced to of fer the sane routi ng f unc-
tionsasthe Mdel 950 (describedlater), wiileretainingitsnoretrad ti ond
rol e as an NOP-control | ed conmuni cationinterface, inpure S\A subarea
net wor ks or i n APPN conposi t e net wor k nodes. The Mbdel 900 can be
fi el dupgraded to support AFFNTuncti onand a so convertedi nt o a standal one
3746 Mdel 950. It thus of fers aflexi bl e and cost-effecti ve evd uti on path
fromSNY subar ea t o APPN

3746 Nways Mul tinetwork Controller Model 950

The 3746 Mbdel 950 of fers a newpl at f or mf or APPN net wor k nodes whi | e
supportingthe addi tional rd es of aSWAtrafficrouter, anlnternet protocd
(1P router, and frane rel ay node. The Mbdel 950 Nnays Gontroller isa
hi gh- end and hi gh- per f or mance sol uti on that supports di stri but ed
nul ti protoca networks, includingal thefunctions of the Mdel 900, wth
out the need for an attached | BM3745 Gormuni cati on Gntrol | er and NP
softvare. It isanAFNnetwork node andit enabl es SVAtraffic, providing
youthe benefits of both.

369



370

EXPLORING I BM' S NEW AGE MAI NFRAMES

The nost i nportant characteristic of an AFNnetwork i sits dynanic
capability. It has norequi red hi erarchy, nodes can connect and di sconnect as
needed, and sessi onroutes are deternined accordingtothe current state of
t he networ k. As an APPN net wor k node, the Mbdel 950 supports APPN
routi ng across tokenrings, SLCIlines, and ESONchannel s, i ncl udi ng
support for SVAdevi ces. Using the dependent | ogical unit requester (OLWR
function, it replaces or consd i dates one or nare | BM3720s, 3725s, or 3745s.
Routingisdistributedinuptotenadapters (wththe sane t hree adapt er
type choi ces descri bed under the Mdel 900), whi | e a networ k node proces-
sor perfornsthed rectory, topd ogy, and other contrd point services.

Wt h the ESGON channel adapter (ESCS), the Mbdel 950 comuni -
cateswth4host | ogical stations, suchas VIAM, residinginupto4 LPARs.
Each ESCAsupports upto 16 | ogi cal connecti ons to host LPARs and st a-
tions, of wich4cancarry 3746-contro l edtraffic. The renai ni ngones carry
NP control ledtraffic. Wthtoken-ring adapters the Mdel 950 connect s
upto 500 active Pk at the sane ti ne.

Syst emnanagenent for both the Mbdel 900 and t he Mbdel 950 uses
anintelligent service processor and t akes advant age of Net M ew(descri bed
inCapter 7). The servi ce processor runs the nai nt enance and oper at or
subsyst emext ended (MBS B), | cads the nmicrocode, stores files containi ng
cofigurationinfornati on, and provi des accesstothe contra |l er configura
ti on and nanagenent tool that al | ows you to configure and control the
net wor k nodes and thei r resources. Future product directi ons have t he 3746
fanly of products connectingto X 25, Integrated Service Dgita Network
(1'SDN), and asynchr onous transfer node (ATN) net wor ks.

Open System Adapter (OSA)

CRAenabl es the S 390 processor toserve as atrue peer to LANdevicesina
client/server environnent. It supports busi ness needs by enabl i ng appl i ca-
tions to be added t o a syst emi ndependent of network i ssues. It has been
inplenentedas afullyintegrated hardwarefeature, i ncorporati ngthe func-
tions of achannel adapter, acontrol unit, and LANi nterfaces, providing
direct, native, industry-standard connection betweenthe § 390 server and
Bhernet, tokenring, and HD LANs. Thisintegrationsinplifiesenterprise
net wor ks and reduces t he nuniber of physi cal boxes to be nanaged. It is
consi stent wth1BVis Quen B ueprint (di scussedin Ghapter 5).

IBMprovides theintegrated § 390 CRAfeature i n two nodel s (CEA
land FA2) toexpand the connectivity al ternatives avai | adl e t o busi nesses
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w th coupl i ng capabl e processors (that is, ES 9121 511- based and ES 9021
711-based processars, S30 Raral el Transacti on Servers, and S30 Rard | &
Eterprise Srvers). Thisfeature endd es S 390 processors to comnect directly
tolocal areanetworks (LANs), LANbackbones, hi gh-speed workstations,
bridges, routers, adinte ligent hubs. (Busi nesses operati ng ES 9221 proces-
sors continuetobenefit fromtheintegrated B hernet and t oken-ri ng LAN
adapt ers. They can use the 3172 I nterconnect Gontrol | er for access to
B hernet, token-ring, and OO LANs.)

CRA 1 del i vers enhanced functionrequiringintel Iigent coprocessors
and a |l arger package, whi chincl udes its own dedi cat ed cage. The enhanced
functionsinclude TGP I Pfor MSprotocol processi ng of f1 oad (i nprovi ng
theeffidency o theprocessar asaserver), largescd ed skservingfor Net Ve
clients viathe LANRES M/S program and caching for the TGP | P Net -
work FH | e System(N-S) application viathe LANServer for M/Sand LAN
Fle Services/ ESAfor MS CRA2isalower-pricedaternativefor §390
Parall el Enterprise Server Mdel s R and R3 (di scussed i n Chapter 3) run-
ni ng the SN APPN and TGP | P net wor ki ng protocol s. Wth CGBA 2, the
package sizeisreducedsothat it canbepluggedintoany I/Oslot ina EC
or |/ Oexpansi on cage.

CRA 1 and GBA 2 support the coexi stence of SN APPN | BM's pro-
prietary networki ng protocol, and TG? I P, the de fact o open networ ki ng
standard. S\NA APPNsupport isincludedwththe § 390 GBA Support Fa-
cility(C(AS). Thisisahost-basedtod wthaworkstationbased end user
interfacethat enabl es one MSapplicationtoconmunicatetoal CG&#sin
the CECto provi de configuration, operations, and probl emdet erninati on
support. This functionis requiredto dowl oad t he SN APPNf uncti on
ontothe CRAfeature.

CRA L1 supports I nternet Packet Exchange (1 PX) networks that typi-
calyexist ousidetheprinary datacenter todd i ver comectivity toNetViire
servers. Both CBA 1 and CEA 2 provi de LPAR support (di scussed i n Chap-
ter 2), alowngvarious applicationstorunconcurrently on CGSA Thi s func-
tiona sorequiresthe CBA S-for MS ESA

CRA enhances § 390 connect i vity but does not renove t he need for
ot her conmuni cations controllers. The | BM3745 and 3746 Gonmuni ca-
tions Gntro lerswl | conti nueto provi de connectivity tolarge LAN, VN
(across G X 25, franerel ay), and nul ti host sites over parall el and
ESCNchannel s. The 3172 I nterconnect Gntroller wll continueto pro-
vide | owcost, mul tihost access for Bhernet, token-ring, and H-O LANS
and for frane rel ay and SCLCWANs over paral | el and ESGON channel s.
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Mo d e ms

A nodemi s adevi cethat converts (nodul at es) conputer i nfornationinto
conmaini cat i ons si gnal s and transnits themover thetel ephonelines. A the
recei vi ng end, a nodemconverts (denodul at es) the tel ephone i ne signal s
back i nt o conput er i nfornati on. The term“nodeni i s a conbi nati on of
theterns “ nodul ate” and * denodul ate.”

Wiy do conput er s need a nodemf or t el ephone | i ne communi cat i ons?

Tel ephone i nes are desi gned to carry € ectroni cal | y encoded voi ce nessages
fromone poi nt toanother. Adevi ce (thetel ephone) istherefore necessary to
convert the speaker’ s voiceintoel ectronic signal s suitabl efor phoneline
transnission. Athoughtheinfornationinaconputer is a ready e ectroni -
callyencoded, it isnot inaformthat canbetransmtted over the phone
lines. For thisreason, adeviceis neededto convert thee ectronicaly en
coded conput er infornati onintoel ectronic signal s suitablefor tel ephone
linetransnssion. Anodemis |ikeatel ephonefor aconputer. Just as both
parties needtheir own tel ephones to hol d a conversati on, both conputers
nust have thei r own nodens to transfer i nfornati on over the phone | i nes.
Represent ati ve nodens used w th § 390 conput er s i ncl ude:

The 5853 Mbdem a standal one unit designedto sit on a deskt op
near the conput er system It supports conmuni cati ons speeds upto
2400 bps over publ i c switched t el ephone (PST)i nes, the sane type
of line usedfor voi ce conmuni cations. They are cal | ed sw t ched

I'i nes because t he nodemnuist di al a nuniber, just as any other tel e
phone user nust, to establishthe proper connecti on.

The 786X fam |y of nodens, whi ch provi des nodel s desi gned to
work over |eased |ines Leased|ines nai ntai naconstant conmuni -
cations link, nakingit unnecessary todial atel ephone nunber to
establishthe connection.  The 786X nodens operate at fromd4, 800
t0 19, 200 bps, dependi ng onthe nodel and tel ephone line quality.

The 7855 Mbdem whi ch oper at es over either public swtched or
| eased | i nes usi ng ei t her asynchronous or synchronous praot ocal s.
WWen operati ng i n asynchr onous node, transnissi on speeds of 9, 600
bps are support ed over voi ce-grade, publi c-swtchedtel ephonelines
(upto 12,000 bps canbe achievedif linequalityis good). Transms-
si on speeds of upto 19, 200 bps can be achi eved i f theinfornation
bei ngtransmitted |l endsitsel f to data conpressi ontechni ques used
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by the 7855 (conpati bl e wth class 5 of the M crocomNet wor ki ng
Raocd).

e The5822D0gita Service lhit/annel Service Lhit (CBUC) is
used wth digital communications networks rather thanthetel e-
phone-t ype conmuni cat i ons | i nes di scussed so far. 9 nce i nf or na-
tioninsideaconputer systemisindgtd fomdgta netwrksare
better suitedtotransnmt conputer i nfornation and can do so at
hi gher speeds wthnore reliability. The 5822 D8J C3Jsupport s
transnissi on speeds of upto 56, 000 bps over digital dataservice
net wor ks.

Summar y

Wi | e the changes to central host conputi ng have posi ti oned S 390 proces-
sars, peripherds, andsoftvaretoconpete agai nst snal | er, easi er-to-use open
systens, changes tothe S 390 conmuni cati ons envi ronnent positionit as
the server for enterpri se-w de conputi ngi nyour open busi ness envi ronnernt .
Qient systens today have access t o nassi ve anount s of i nf ornati on stored
on § 390 nai nfrane servers. Gient systens today al so have access tothe
conput er power of § 390 servers t hrough cooper at i ve processi ng, enabl ed
by thel atest conmuni cati ontechnol ogi es. As those technd ogi es continueto
evol ve, whet her i nnodens, controll ers, or networks, they arefol dedinto
the § 390 envi r onnent —t+he envi ronnent for your busi ness inthis NewAge

of conputi ng.
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The nunber of vendors suppl yi ng product s for | arge conputi ng envi ron-
nent s has grown dranatical |y inthi s decade. A thoughonly afewsupply
I BMconpati bl e, Systent390 processors, dozens supply conpat i bl e peri ph-
era s, conmuni cations equi pnent, and sof tware for both operati ons and
busi ness producti on. Gventhispraiferation, acou sitiondecisions aresd -
domsi npl e. Bval uations nust take i nto account the conpl exity of your cur-
rent operation, your ability tonanage the extended busi ness configurati on,
t he servi ces provi ded by your vendor, the usability of hardware and soft -
vare, and, of course, theprice. This chapter expl ores each of thesetopics.

As you have | earned fromreadi ng this far, | BMi s conpet i ng aggr es-
sivel y onevery technol ogy front wthits Systemi390 product set. Despite
reportstothe contrary, the System3 architectureisaiveandwe | inthe
cl osi ng decade of thetwventiethcentury. Inthis chapter, youwl!| di scover
that IBVisdongagea ded toenswrethat itsentireoferingaf Systemi30
har dvar e, software, and servi cei s desi gned and pri ced t o neet your needs
goingintothetwenty-first century. This chapter i s by no neans a conpl ete
guidetointroduci ng S 390 conput ers i nto any envi ronnent, but it gives you
astartingpoint for devel opi ngyour pl an.
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Choosi ng Systen’ 390 Configurations

Smal

Sl ecting the proper S 390 har dwar e and sof t ware conponents to fit your
needs can be confusi ng. You nuist sel ect the processor unit, central storage,

expanded st orage, di sk storage, tape storage, |/ Ochannel / bus confi gura
tions, peripherd s, operating systenis), operating systemextensi ons, and so
on. A though we cannot possi bly cover all needsfor al environnentsinthe
linted scope of this book, we canexaninethreetypica environnents—a
snal | busi ness, a nedi umsi zed busi ness, and a | arge busi ness—and out fi t
each of themw th an appropriate § 390 har dwar e and sof t war e confi gur a-
tion. Wththeinsight providedthrough outfittingthese hypothetica busi-

ness envi ronnents, youw || be better preparedto properly sel ect the §390
conput er conponent s usef ul i n your envi ronnent. Assi stance in sel ecting
specific S0 cofigurationsisavail ad efrom BVior authori zed renar ket ers.

| Business Environment —Bob's Gearbox, I|nc.

Qur hypot hetical snal | busi ness i s a gear box nanuf act urer naned Bob' s
Gearbox, Inc. Bob' s has astandard i ne of gearboxes and a so accepts orders
for cust omgear boxes. Bob has operat ed hi s fani| y—owned busi ness for 15
years and has experi enced noder at e growt h.

Bob' s Gear box currently uses an | BVi4381 Mdel 13 conput er (Sys-
temi370) wthastring of 3380EDAIXs to run his busi ness. Thi s system
al so connects toanassortnent of peripheral sthat i ncl ude a 3480 Tape Dri ve
andten printers. Local users connect tothe systemt hrough a 3270 Renot e
D splay Gntroller. The conpany i s runningthe M rtual Systens Ext ended
(VB operating systemand an appl i cati on programt hat uses t he Qust oner
Infornation Gontrol System(A C to support 150 users. Many of the users
access t he syst emt hrough B hernet | ocal area networks (LANs) runni ng
Novel | . These provi de an envi ronnent for newappl i cati on devel opnent and
suppl y personal productivity tool stoBob' s enpl oyees. Qe syst emprogram
ner and two operators see tothe day-to-day operati ons of the conput er
system Bob uses alocal consul tingfirmtohel passess his conputi ng needs
and t o devel op cust omappl i cati on prograns to neet hi s needs.

Thi s 4381 syst emhas been runni ng Bob' s busi ness effectively for sev-
erd years, but growngconcernwth cost, | ack of systemfunction, andi nad-
equat e connectivity tosupport his usersled Bobbtoworkwthhis consul tant
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tocreate plans for asystemchange. A thought he systems perf or nance has
not beenanaj or issue, theoveral cost of conputingis. ExistingS370skills

and t he A CS based t ransacti on processi ng wor kl oad ar gue for repl aci ng
the 4381 with anore current Systent 390 nai nf rane. | nproved networ k
capabi lity, includingbetter adnnistration, LANnanagenent, and appli ca-

ti ondevel opnent arguefor lookingat alternative platforns. The anti ci pat ed

hi gh pri ces associ atedwth 370t 0 S 390 upgrades and the | arger nai n-

frane that mght be required arethe deciding factorsinnot upgradingthe
4381 to a newer nai nf r ane.

Bob' s dat a- processi ng depart nent and hi s consul tant | ook i ntothe
probl ens. They di scover atail or-nade sol utionthat they had not anti ci -
pated. Inarecent product announcenent, the RCServer 500 § 390, | BMhas
brought toget her two technd ogi es that provi dethe connectivity strengths of
aPRCSrver wththe functionand pover of thelatest S 390 operating sys-
tens. Fricingal so has been nodi fiedsothat both hardware and software are
conpetitively priced. Recent technologieshuilt intothe RCServer 500 S 390
includereliability features, upto 38 @of RADDAY) error-correcti on
codes onal | nenory, a Renti um90-M Hz processor card, and a § 390 nicro-
processor card. Both processors have upgrade options that are nore than
capabl e of ensuri ng perfornance for Bob' s producti onworkl cad that i s equal
toor better thanthe o der 4381 Not only w il the RCServer 500 S 390 run
thecurrent QCSapplicationon VEHESA it wll provide i nproved connec-
tivity optionsfor the LANervi ronnent. It can even bel ocat ed conveni ently
i nanexisting LANenvi ronnent supporti ng bot h exi sti ng and newusers. Al
of thisconeswthinafootprint far snaller thanthat requiredfor the 438L
Lower ener gy consunption, reduced footprint, and reduced nai nt enance
requi renents, together wthvery attractive systemprice, ensireatota cost
of conputi ngthat fallswthinBob' s budget.

To confi gure t he newsystem the consul tant renoved t he need f or
several 3380E st or age devi ces by confi guri ng the RCServer 500 §3%0 wth
20 B of DASD The § 390 nicr opr ocessor was confi gured with 128 MB of
nenory, and t he Penti umcard was configured with 32 MB of nenory. A
vol une dunp transferred the 3380 datato a 3480 Tape Dri ve fromwhich i t
was | oaded i nto t he PCServer 500 § 390 DASD The 3480 t ape syst emand
theprintersareattachedviathe S 370 Gannel Bwil ator adapter cardfitted
intooned theavailableslats. Thecurrent users are connectedtothe system
viaaco-axcablefroma 3274 Dsplay Gntroller. Thisis connectedtoan
other § 370 Ghannel Enl ator adapter card. Follownganinitia program
load (I L), the systemwas up and running. FH gure 7.1 di agrans t he system
confi gurations bef ore and aft er Bob nade t he changes.
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Figure 7. 1.

Per f or mance on t he PC Server 500 § 390 proves to be equal to or
greater thanthat provi ded by the 4381 Mdel 13. As the busi ness beginsto
| ever age t he newESAt echnol ogi es wththe | arger nenory confi gurati ons
t he newsyst empr ovi des, additional perfornance i nprovenents arelikely.
Wersaeddigtedwththeaccessibility of the §3%0dataandtheincreased
productivity that results fromhavi ngthe RCServer 500 390 i nt egrat ed
intotheexisting LAN Bobis pl eased, as the systemproves to be highly
reliable, andthe environnental s prove to be as good as pronmised. The re-
ductioninspece, naintenance, andenergy reflectsinhisbattoming asheis

abetolover theoveral cost of | Soperations.

S/ 390 systemt o neet the needs of Bob' s Gearbox, Inc.
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Medi um Busi ness Environment W I|son & Curtis

Qur hypot heti cal nedi umsi zed busi ness i s an adverti si ng agency naned
WIison &Qurtis. Inbusiness for 12 years, WIson &Qurtis startedwth one
naj or account andtoday has 317 activeclients. BIl WIsonand Seve Grtis
are both acti ve i n managi ng t he busi ness. The nai n of fi ce, whi ch has 764
peopl e, islocatedinChicago, I11inois. Asecond of fi cewth 37 peopl e who
hand e severd |arge accountsinthesoutheast islocatedinR. Lauderdal e,

Horida Anost every personat eachlocationhas aPS2that provi des per-

somd productivitytodsfor thingslikenarket and ysis, trendand ysi s, vard
processi ng, and financi al nodel i ng. The conpany al so has an | BM4381
Mdel 23 (Syst emi370), whi ch runs t he busi ness.

The 4381 conput er i s used prinarily for accounting purposes, and
the nany PS2 users at Wlson&Qurtisarenot attachedtothe system The
4381 is running the VSE operati ng systemand i s equi pped w th 16 MB of
central storage and one DASDstri ng consi sting of one 3380 A4 and two
3380 BKds, whi ch provi de over 22 B of di sk storage. The 3380 A4 i s
attached vi a one 3990 Mbdel 1 DASDcontrol I er. Two 3480 Tape Dri ves are
used t o performbackup/ rest ore operati ons ontheinfornati on on di sk stor-
age. Thereare 220 di splay stati ons and two 6262 Frintersin Chicago at -
tachedtothe systemvi afive 3174 Establ i shnent Gntro | ers. These are used
by thelocal user conmunity.

TherenotesiteinR. Lauderdal e has 10 di spl ay stati ons and a 6262
Printer, attached viaa 3174 to t he 3745 Gormuni cati ons Gontrol |l er | o-
cat ed back i n Chi cago. Al eased conmuni cations |ine provi des an S\AIi nk
bet ween Chi cago and R . Lauderdal e. (hi cago has a snal | dat a- processi ng
depart nent that oversees the operation of the 4381 and supports t he popu-
lationof PS2sinthe conpany.

B Il WIsonrecently sponsored a conpany—w de study to find a way
to address t he busi ness goal s of i ncreasi ng narketi ng ef f ecti veness and re-
duci ng operating costs. Theresults of the study reveal edthat the narket
anal ysi s bei ng done by one PS 2 user sel domcorrel ated with t he nar ket
ana ysi s done by another PS 2 user. Thisdiscrepancy ininfornati onresulted
fromthe di fferent versions of denographi cinfornati onthat residedonthe
hard di sks of the various PS'2s usedinthe narket anal ysi s. Bven t hough one
personis responsi bl e for periodical |y updating t he denographi ¢ i nf or na-
tionanddistributi ngupdates, over tined fferent versions of theinforna
tionenarge, resutinginineccurate narket and yses. Frther, asthe conpary' s
nar ket coverage grows, the denographi ¢ i nfornati on al so expands, and
dstribuingit viad skettesisbecomngincressingyinmractica . It is aoper-
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ent that nore sophi sti cat ed dat a nanagenent and anal ysi s t echni ques are
necessary as the fi rmconti nues to grow

The st udy uncover ed anot her area needi ng i nprovenent : Basi ¢ of fi ce
operations cou d be streanhi ned, thereby i ncreasi ng producti vity and reduc-
i ng operating expense. Mi | del ays between the two of fi ces were sl ow ng
down nany day- t o-day busi ness operati ons. Full enpl oyee cal endar s nade
itdifficut toschedu eneetings becauseinvariablythelast attendee con
tactedhedacoflict. Despitethefact thet thesecretarid staff dsohad PS2s
for word processing, turnaroundtine for even a si npl e neno was getting
| onger as thei r workl oad i ncreased.

Ater careful eval uationof the study findi ngs andthe current com
puter strategy enpl oyed at WIson &Qurtis, the proect teampresentedits
reconmendat i ons t o nanagenent : a newconput er sol utionthat central -
i zed t he ar ea denogr aphi ¢ i nf ornati on and streanhi ned of fi ce functi ons.
The sol uti on woul d preserve nuch of the current invest nent i n har dwar e,
software, andtrai ni ng whi | e sol vi ng nany of the probl ens uncovered by the
study. However, sincethis sol utioninvol ves addi ng newappl i cati on pro-
grans and newusers (al | PS2users) tothe existing conputer system it wll
significantly increase the workl oad on t he nai nfrane. Perf or nance nea-
surenent s and anal ysi s indicatethat the current 4381 syst emcannot hand e
theincreasedworkl cad, soanupgradeisrequired. Ater lookingat thedter-
nativesandtheir tota costs over a5 year period, the nanagenent at Wl son
&QArtisdecidetorep acethe 4381 wth a Systeni390 9672 Paral | el Enter-
prise Srver.

F gure 7. 2 shows t he conput er systemstrat egy resul ti ng fromthe
Wlson &Qurtis study. Frst, all thedisplay stationusers of the 4381
accounting applicati onprograns wll continueto usethe sane display sta
tions and appl i cati on prograns as they nove tothe §390 server. The PS 2
userswll asoretaintheir P92stoprotect that i nvestnent inhardvare,
applicationprograns, andtrai ning, but nowal | PS2s (in Chicagoand R.
Lauderdal €) wll beattachedtothe S 390 server | ocatedin Chicago. This
wll all owthemto doubl e as PS' 2s and § 390 workstati ons. As P 2s, they
continuetoprovideal | thefunctionthey provi ded before, i ncl udi ng sup-
porting the narket anal ysi s on the sane denogr aphi ¢ dat a. Now however,
one copy of denographi c dataw || reside onthe §39%0 server andw | be
sharedby a | PS2users. Thisensuresthat all PS2userswork wthonly the
nost current denogr aphi cs data and al | ows t he dat a- processi ng depar t nent
t 0 nanage dat a security and backup procedures nore easily. Inthe future,
Wison&QGrtiswll investigate usingthe | nfornation Verehouse distrib-
ut ed dat abase st ruct ure to hol d denogr aphi ¢ dat a and cooper at i ve process-
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Figure 7.2. onputer strategy to be used by Wl son &Qurtis.

ingtechniquestoa lowPS2applicationprogranstointeract directlywth
thed stri but ed dat abese.

To i npl enent t he necessary conmuni cati ons w t hi n Wl son &Qurti s,
atokenringnetwork, towichall PS2systens areattached, isinstaledin
Chicago. The S 390 server isattachedtothistokenring Network viathe
3745 Gonmuni cations Gontroller. In R. Lauderdal e, anot her token-ring
networkisinstal edto connect those PS 2 systens tothe 3174 Est abl i shnent
Gntroller. The sanme SNA communi cations | i nk bet ween Chi cago and R .
Lauder dal e connect s the token-ring network usersin R. Lauderdaletothe
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S390 server in Chicago. Wththese networks, all PS2systens, alongwth
the display stations fornerly used wththe 4381, nowhave accesstothe
S 30 server.

To streanhine of fi ce operati ons, GficeMsion/Wisinstaledonthe
S/390 server torun under VMESA G fi ceM si on/ MMprovi des el ectroni c
nail for all WIson&Qurtis users (includingbothd splaystationand PS2
users) as wel | as word processi ng, cal endar nanagenent, and ot her func-
tias

Ater adetail ed assessnent of workl oad and appl i cati on requi renents,
the proj ect teamdeci ded that a 9672 Mbdel R12 woul d neet t he need at
Wlson &Qurtis. The Mdel R12 can handl e the projectedincreasein
wor kl oad and pr ovi des an upgr ade pat h t 0 acconrmodat e f ut ure grow h
w thout requiringsignificant nodificati onstotheexistingconputer room
Infact, alongwththe significant i nprovenent in perfornance that they
W Il receive fromthe Mdel R12, Wl son &Qurtis gains significant im
provenent i n envi ronnent al s such as ener gy consunpt i on and fl ocor space.
The Mdel RI12 has 256 MB of processor storage, whichw | be confi gured
as 128 MBof central storage and 128 MB of expanded st or age. The 128
MBof central storagew || hand ethe proj ected workl oad whi | e t he expanded
storage hel ps keep dat a hi gher inthe storage hi erarchy toinprove overal |
systemper f ornance. After the dat a- processi ng staff get's sone experi ence
w th the newenvi ronnent, the split between central storage and expanded
storage canbe easily “tuned’ as necessary to provi det he best syst emperfor-
nance.

The 3380 DASDs, 3480 Tape Drives, 3745 GCommuni cati ons Con-
trdler, addl PS2s, printers, axdd splay stations usedwththe 4381wl
be used wth t he 9672 Mxdel R12 server to preserve thisinvestnent. To
hand e t he i ncreased di sk st orage requi renent s associ at ed wth Gfi ceM si o/
Wand sone ot her newapplications that are pl anned, ESCNchannel s, a
3990 Mbdel 3 Sorage Gontrol | er, and two 3390 Mvdel 3 DASDs wil | add
anot her 22 @ af di sk storage. To acconmodat e t hese |/ Odevi ces, the Mdel
R2is configuredwth 16 I/ Ochannel s: 4 for the DA S orage Gntrol | er,
5for the 3174 Establ i shnent Gntrad lersinChicago, 2for the6262 Rinters
in Chicago, 2for the 3745 Gonmuni cations Gontrol l er, and 1 for each of
t he 3480 Tape Dri ves, wthonel eft over for expansi on.

As for the software onthe S 390 server, the VH ESAoperati ng sys-
temw | | acconmodat e t he exi sti ng accounti ng appl i cati on prograns, which
wll benmgrated“asis” tothe S 390 server. Hwever, the VW ESAoperat -
ingsystemwl!| provideabetter besefar thefileserver fuxction, GficeMsion,
and programdevel opnent. VSE ESAW || run as a guest under WM ESA
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The LAN Resour ce Ext ensi on Servi ces/ VM(LANRES' W w I | provi de the
fileserver functionnecessarytocentralizethe denographi c dataand a | ow
PS2userstousethe 30 printers. The ADBMMMW I | al l owPS 2 usersto
back uptheinfornationstoredonthe P92 s hard di skstothe S 390 server.

Thi s i s nuch easi er t han havi ng each user i npl enent a separ at e hard di sk
backup strat egy usingl ocal tape or diskette drives.

Large Business Environment-Atole Enterprises

The hypat hetical 1arge businesstobeoutfittedwthan S 390 conputer is
AdeHterprises. Ade amitinationd corporationthat distributes canned
foods, enjoys financia statusworthy of its Fortune 500 nener ship. The
nany benefits af f orded by conputers are wel | known at Aol e Eterpri ses,
whi ch has been usi ng conputersinits day-to-day operati ons for nany years.
The US headquartersinNewYork Gty currently has al arge | BVES 9000
(Syst eni390) conput er conpl ex. Aol ehas 17 distributi on centers | ocat ed
fromcoast tocoast, eachcenter equippedwithd splay stationsandprinters
renotel y attached to the | BMES 9021 Mbdel 711 in NewYork viaalarge
SNA conmuni cat i ons net wor k.

Ad € shusiness depends onitsabilitytoddiver freight tocustoners
ontine. This places denands on accurat e schedul i ng and on know ng wher e
evayddiveryvehicleisa dl tines. Anetvork of 15 000termnd s comect s
thevehiclestodistributi oncentersanddistributi oncentersto custoners’
busi nesses and the hone of fi ce. Thedistributi oncentersa souse order entry,
i nvent ory nanagenent, and el ectroni c nai | application prograns onthe
ES9000in NewYork. A present, two processors schedul e t he vehi ¢l es and
crews, track nai ntenance records, and link to cust oner systens enabl i ng
themtotrack their goods. The systens a sohand e Ad € sfinancia records
and ot her busi ness syst ens.

In New York, the conputer conpl ex utilizes two | BM9021 Mbdel
711 processors i n a shared- DASD confi gurati on t o handl e t he wor kl oad
associ ated wth the 15,000 A ol e users. Havi ng two i ndependent pr ocessor
uni ts provi des sufficient capacity for theworkl oad and provi des redundancy:
Qe processor cantenporarily take over theful |l workicedif theather fails.
Thi s backup capacity iscritical, sincedowtineinNewYork disruptsthe
operationof al 17distributioncentersacrossthe Lhited Sates and exposes
custonerstouncertainty regard ngthestatus of their deiveries.

Busi ness has been good for Aol e, wthtransacti ons growngat 20%
annual |y. Minagenent i s consi deringanerger wthanother distributor. Sev-
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eral user groups are begi nningtoexpl orenewapplicationsthat wll require
nor e conpl ex queri es of dat abases. Meti ng schedul es and cust oner needs
iscritica tocotinuedgronth, ardhighly avai | ad e systens arecriticd to
neet i ng schedul es and cust oner needs. Lhpl anned out ages are cl earl y not
tol erabl e; even pl anned out ages for sof tware or har dwar e updat es or dat a-
base reor gani zat i ons nust be el i mnat ed.

Each | BMES 9021 Mbdel 711 has 256 MBof central storage, 1 B
of expanded st orage, and about 200 (B of DASD-a m x of 3990 DASD
Gontrol | ers and 3390/ 3380 DASDs. Two 3745 Gonmuni cati ons Gont r ol -
| ers manage t he SNA net wor k. Each Mbdel 711 has 48 paral | el 1/ Ochan-
nel s. Both systens are running MS ESAVersion 4, ACS B, and nany
cust omappl i cati on prograns devel oped and nai nt ai ned by At ol € s New
Yor k—based dat a processi ng departnent. Net M ewi s used t o nanage t he
SNA net wor k.

Asaresuit of itsongoi ngcapecity-plamingactivities, Aderecently
beganinvestigatingal ternativesfor thenext stepupincapacity. Wil ethe
two | BMES 9021 Mbdel 711 processors neet today’ s needs, they soonw |
be unabl e to handl e the workl oad, whichis growngat arate of about 20
percent per year. Newdat abase applicationswll causethis growthto accd -
gae

Ater consideringthe al ternatives, Ad enanagenent decidedtore
pl ace one Mdel 711 processor unit wthone S3%0 Paral | €l BEterprise Server
(FES Mdel B2 processor at the beg nning of the next fiscal year, wenthe
businessistraditiona lythe sl onest. H gure 7.3 shows t he newS 390 com
puter conpl ex that Ao eplannedtoinstall at its NewYork headquarters.

The Mdel R52 of fers per f or nance about 60 percent greater thanthe
repl aced Mdel 711 processor unit. Mreinportantly, boththe Mdel 711
and the Mdel RB52 are paral | el syspl ex enabl ed. Wththe acquisitionof a
Gupling Faci lity and upgradi ng t he processor and operati ng system Ao e
Wil beideallypositionedtonoveintoaparall el syspl ex envi ronnent t hat
deliversextrengly highapplicationavai l ability and provides full read and
wWite data shari ng between t he MSi nages. The wor kl oad can be dynan -
cal |y bal anced across the processorsinthe sysplextoprovi de better utiliza
tionof their pover. It a soall ons each processor to dynanical |y back upthe
other incaseof fail ure or nai ntenance. Thi s envi ronnent al so supports DR
Version4, vhichwll nake full useof the parallelismavail abl ewth nul -
tipleprocessorsintheparall € sysplex. Individua queries can nowbe bro-
kenintoni tipl etasks, eachoneoperatingond fferent para | & processors.

The next tine Aol e consi ders upgradi ng processor capaci ty, the com
pany w il be abl e to add snal | er, | ow cost QW5 Syst eni 390 ni cr opr oces-
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930 Parad l el Bterprise Server for useat Ad € s headquartersinNew

sorswthjust the anount of processi ng capacity required. Newsof tware
and hardware pricing structures alsoassure Aol e of increnental grovthin
costsasit scal es systemgrow hto nat ch nore preci sel y what i s needed for
their godicatiams.

The Mdel RE2w Il beequippedinitiallywthl @of centra storage
and 4 B of expanded storage. Atolew || nove 200 B of DASD, a 3745
Qrnmuni cati ons Gntrol ler, a 3174 Establ i shnent Gntrol ler, printers, and
workst ati ons fromthe Mdel 711 to the Mvdel RS2 processor unit. The
equi pnent attached to t he second Mbdel 711 processor unit wll renain
atachedtoit.
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However, since the Mbdel RS2 cones standard with 4 ESGNI/O
channel s, Atolew ! | use 9034 ESCNconvertersto attach sone of the non-
ESON capabl e I/ Ocontrol units. Thisa lows Aoletobeginits nmgration
to the ESONenvi ronnent andto enjoy theflexibility af forded by | onger
naxi numconnect i on di stances. Ay future I/ Ocontrol units purchased wl |
be ESGON capabl e. Atole will use IBMESOON D rectors bet ween t he
ESCON I/ Ochannel s and the 1/ Ocontrol units. The dynamic I/ O
reconfigurati on af forded by IBMESOND rectors offersnoreflexibility
andis hel pful ininplenentingthe redundancy configurati on nenti oned ear-
lie.

Adebegnsthemgrati onprocess by first insta ling C8 390 (d scussed
later inthis chapter), wichincl udes MG ESAVersion5.2. 2, onthe current
Mbdel 711. The dat a processi ng depart nent nakes sure that the system
wthMS EAWersion5isstableandwel | tested beforethe end of thefiscal
year. Then, the Mdel 2wl beinstal | ed and the transacti on and query
vorkl cads nigratedto that processor. Because of the | arger engi ne si ze on
the Mdel 711, the bat ch workl oads w Il continuetoruninthat environ-
nent. Toget her, these processors provi de a superserver for Ad € s enhanced
diet/serve straegy.

Based on grovt h proj ections, this configurati onneets Ad € s needs
for 3to5years. Duringthistineperiod, the data processi ng depart nent
wll inplenent el ectroni c datainterchange (EO) wth vendors and cust om
ers, andbeginplanningadstributedre ati onal dat abase envi ronnent usi ng
the I nfornat i on Ver ehouse Fanevork. Wththis approach, Aolewll place
asnal | conputer systemat each distributioncenter |inked over an S\NA
network, creatingadistributed conputi ng environnent. Then, theinforna
tionpertainingtoeachd stributioncenter will belocatedonthat center’s
snal | conputer system Thisw | inprovelocal perfornance when users at
each di stribution center access nost conmonl y needed i nfornationand w |
still allowall Adeuserstoaccess easilyany datawthinthe enterprise.
Qst omappl i cati on prograns w | use cooperati ve processi ng t echni ques to
rel i evethe user fromhavi ngto knowwhere the dat a physi cal | y resi des. For
now though, thedistributioncentersrenanrenote users of the NewYork

system

Maki ng System 390 Complexity Manageable

Regard ess of its present scope, effectivel y nanagi ng your busi ness’ s com
putinginstallationisacha lenge. That chal | enge nay cone fromthein-
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creasi gl y het er ogeneous nixt ure of hardware, operati ng envi ronnents, data,
and applications; it nay cone fromexpl osi ve growt h i n network and cen-
tral siteconnectivityandinfornationtraffic; it nay cone fromi ncreasi ng
denands for conti nuous systens, network, and dataavai lability; or it nay
cone fromnewrequi renents to mai ntai nsecurity anddataintegrity for
expandi ng sets of users and resources. A nost certainly, youwl| face sone
nmx of these chal | enges w th the added expectati on of contai ning, if not
reduci ng, operating costs.

Today’ s gl obal econony i s i ntensel y conpetitive. Busi nesses cannot
pernmt technol ogy and geography toinpose linmts on growh. Your busi -
ness, asapart of that g obal econony, nost befreetop acedatawereit fits
best, to choose appli cati ons based on benefits tothe busi ness, andtoinpl e
nent processes that ef fecti vely nanage costs. sers, whether wthinthe com
pany or outsi de, nust have accesstodatawherever it iskept. That is, they
nust be abl e to connect to any exi sting pl at f ormi nthe conpany, or beyond,
whenever necessary. Your operations staff nust have access totool s and
procedures that sinpli fy nanagenent of these di verse and di spersed resour ces
and net wor ks.

The renai nder of this chapter di scusses | BMproduct s and sol uti ons
that enabl e your busi ness t o achi eve these ai ns. Syst enM ewprovi des a struc-
tuweandasing epoint of contra addressi ng nast aspects of this need. My
of the product s associ at ed w t h Syst enM ewaddr ess vari ous aspect s of sys-
tens nanagenent . Agrow ng focus of Systenv ew however, is onsinplify-
i ng your busi ness’ s financi al and security nanagenent needs. F nally, aset
of services designedtofurther sinplifythe overal | nanagenent and support
of your busi ness’ s conputi ng envi ronnent conpl enent s t he sof t war e prod-
uct s del i vered t hrough Syst enM ew

SystemVi ew—A Strategy for Computing Management

Himan interventionis still requiredto keep conputer systens runni ng
snoat Hl'y, tokeeptrack of the physical assets, andtoplanfor future conput -

i ng needs. The nany di verse acti vi ti es associ at ed w t h nanagi hg a conput er
systemare collectively terned systens nanagenent Systens nanagenent
i ncl udes tracki ng physi cal assets, docunenti ng and resal vi ng syst empr ob-
lens, installing software upgrades, identifyingandresal vi ng conmuni ca-
tions network probl ens, noni toring perfornance/ capacity, admini stering
security policy, and nany ot her thi ngs associ at ed wththe day-to-day opera
tionaof the conputer system
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Today’ s conput i ng envi ronnent s ar e enor nousl y pover ful and enor -
nousl y conpl ex. They usual | y i nvol ve one or nore processor units, strings
of DA, racks of tape storage, worl dw de conmuni cati ons networks (w de
areaand | ocal area), mitipl e operating systens and appl i cati on prograns,
and hundreds or thousands of terninal s, nodens, printers, and ot her pe-
riphera's. Asthe conpl exity and si ze of a conputing envi ronnent i ncreases,
sodoestheeffort (read“cost”) of nanagi ngthat conputi ng envi ronnent .
Wththislarge quantity of equi pnent, the vol une of activity goi ng on at
bl azi ng speeds, and t he nunfer of peopl e i nvol ved, systens nanagenent
responsi bilities qui ckl'y can overvhel meventhe nast astute operati ons staff.

Automated tool s (that is, even nore conputer prograns) have be-
cone anessentia andcritica asset for eff ecti ve systens nanagenent. Miny
sof t war e conpani es have i nvest ed heavi | y i n devel opi ng syst ens nanage-
nent tool stohel poperations staff becone nore producti ve. Hwever, since
the tool s usual | y have been devel oped i ndependent |y by vari ous sof t ware
conpani es, they often do not cooperate wth one anot her. Thus, the sane
datanay havetobeenteredintodifferent tool s, and each newt ool nay
i ntroduce a newuser interface. Sol vi ng sone syst emnanagenent probl ens
i nt roduces newones.

Wthinthe last fewyears, vendors have begun t o devel op sui tes of
prograns designedtoso ve nost, if not al, aspects of systens nanagenent .
By providingintegratedsuites, vendors renove the probl emof tool andin
terfaceinconpatibility. Buildingon25years of systens nanagenent experi -
ence, IBVisralingout its oanfamly of systens nanagenent productsthis
year and next. Using exi sting products as afoundation, protecting current
busi ness i nvest nent s, the SystenV ewSeries provi des todl s for nanagi ng
operating envi ronnents. | n My 1995, SystenM ewfor A Xwas introduced.
Futurerollouts wll support G52 and G5 400. Thi s secti on descri bes the
support provi ded for the MSoperating envi ronnents, announced i n Gt o-
ber 1995.

IBVIfirst introducedthe Systenv ewstrategy in1990. A first long
onintentions and short on product deliverabl es, that strategy underwent
extensivetransfornation. Today' s Systenv ewstrategy i s conpl enentary to
IBVIs Qpen B ueprint (describedin Capter 5), andits syst emnanagenent
appl i cati ons use the GQpen B uepri nt servi ces, such as those provi ded by the
D stributed Gonputi ng Bnvi ronnent (DXE) . Busi ness appl i cati ons devel -
oped usi ng t he Qpen B uepri nt are nanaged by Syst en ewand use ser vi ces
defi ned w t hi n t he Syst emM ewf r anewor k.

The goal of the newSystenM ewistounify IBVIS strategi c systens
and net vor k nanagenent appl i cati ons under asingl e, obj ect-ori ented frane-
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work (al so di scussed i n Chapter 5), givingthema common | ook and f eel
and provi di ng a conmon nodel for storing nanagenent data. Thi s struc-
turefor buil ding consi stent systens nanagenent appli cationswll, through
an open, standards-based architecture, sinplifytheintegrati onof these ap-
ficaias.

This structure reduces costs associ etedwthtechnica skillsandtrain
i ng expense. | nnany cases, it nay elinnatethe need for skill ed support
whileprovidingtail ored so uti ons based onadesired | evel of systens nan
agenent. Inadditiontoproviding cost-efficient functionwereandwenit
i s needed, resource efficient autonation hand es nuch of the grow ng com
plexity of your envi roment. Users benefit throughtheincreasingavail abil -
ity of accurateandting yinfornati onthroughout the busi ness.

Today, | BViprovi des uni que syst ens nanagenent sol utions that con-
sist of platformspeci ficproducts, aoplications, and servicesfor nanag nga
W de vari ety of | BMiand non-1 BMresour ces, i ncludi ng D05 8/ 2, Wn-
dows NT, Novel |, Appl e Maci ntosh, NCOR SUN HP and ot hers. The
Systenvi ewseri es consi sts of aset of conmon syst ens nanagenent ser -
vi ces, based onindustry standards, andintegrated, task-oriented appli ca-
tions that provi de end-to-end nanagenent acr oss the busi ness. To achi eve
this, IBVisleverag ngtoday s productstopratect existing busi ness i nvest-
nents. Geracteristicsof theinitia rel ease of Systeny ewi ncl ude

« Systemnanagenent functionsthat areintegratedvi aan easy-to-use
graphi cal user interface call edthe SystenM ewl aunch wndow Al
tasks areinvoked fromthisinterface.

- Atailorabl e package supporti ng onl y thase functi ons your busi ness
needs.

e Minstalationprocess designedtoreducetineand effort.
« Revi sed and common pri ci ng and t er ng and condi ti ons.

« Mgrationtool sthat hel pintegrate existing nanagenent appl i ca-
tionsintothe SystenM ewseri es.

System ewfor MSis built ontoday s set of M/Ssystens nanage-
nent products. It graphi cally nanages MS W and VSE processors; SNA
and | Presources; A Xand G5/ 400 systens; Novel | Net Vire and ot her LAN;
andavariety of resources out tousers’ desktops. It i s designedto nonitor
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and resol ve exceptionsinrea tinefromone pl ace, where all events are
cord aed

Futurerel easeswl | focus onincreasing the autonati onandintegra
tion of systens nanagenent functions through an obj ect franework and a
set of obj ect-orientedapplications worki ngtogether wth existing proce
dure- based appl i cati ons. Sone of the current procedural functionswll be
encapsul at ed wth obj ect - ori ented t echnal ogy, whi ch provi des

e Aapplicationenablingfranework that al | ons applicationobjects
to be defi ned once and used by nul ti pl e appl i cati ons.

« Astandards-based obj ect-orientedinfrastructure, the SystemQp-
ject Mdel (SIV, based on aninpl enentati on of the yj ect Man-
agenment Goup’s (OM3 s) Common (bj ect Request Broker

Architecture (CRBA).

e Acommon definitionfor nanaged resour ces and servi ces that en-
abl es dat a shari ng anong appl i cati ons.

e Integratedapplications runni ng onthese franeworks, consisting of
task-ori ented functi ors.

e Support for theinstrunentati on of conmon agents, whi ch are needed
t 0 enabl e nanagi ng syst ens t o per f or mnanagenent functi ons.

This obj ect-orientedinpl enentation of Systenv ewenabl es nanage-
nent datato be storedinaconmon, distributedfashi onacrosstheenter-
prise. Becausethe data el enents wll be represent ed as obj ects, system
admini strators canintegrate and reuse nanagenent data across nul tipl e
applications. Thisintegrationof dataat the back end of systens nanage-
nent processes provi des a poverful systens nanagenent support tool not
previosly avai l ad e

As noted, | BMi s noving to System ewproducts that are conmon
acr oss key nanagi ng and nanaged pl atforns. Initia rel easeswl| provide
syst ens managenent functions through a common | aunch wi ndow and
through si npl i fi ed packagi ng, ordering, andinstal lation. Business and op-
erations benefitstothi s goproachi ncl ude:

e Increased applicati onuser productivity through a cust onzed, task-
aietedineface
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» Reduced cost throughincreased control and aut onati on of adm n-
istrativeandoperati ond tasks.

» Reduced tine and resour ces spent nanagi ng di stri but ed syst ens.

- Hficient interoperability and connectivity anong users’ tasks and
gricaians.

e Saabilitywthgrowngneedsininfornationvol une and conpl ex-
ity

- HEficient user access todataanywhereinthe netvork.

e Investnent protection of existing systemnanagenent applications
that wil berdledinto Systenv ew

SystemVi ew Framewor k

Benefits the operations staff recei ves by usingasuite of systens nanage-
nent tool s that conply wth SystenM ewar e descri bed under three basi c
el enent s of the SystenM ewframnework (depictedinFgure7.4): the End-
Use Di nension the Data Dinension and the Application Di mensi onThis
franework serves as aguide for devel opingthe famly of integratedtod s
nowavai | abl e.

The BEnd- Use O nensi on addr esses the need for a consi stent appear -
ance and behavi or that al | SystenM ewtool s present tothe user. Having a
consi stent user i nterface reduces trai ni ng requi renents as t he concept s and
techni ques learned onthefirst Systen ewtool aretransferabl eto ot her
Systen ewt ool s. The user i nterface specifi ed by t he Syst er ewEnd- Lse
O nensi on conpl i es w t h t he Gonmon Wser Access (AU user interface,
definedinthe Systens Appl i cati on Architecture (SAY, andis further speci -
fied by the SAA Systemi ew End- Use D nensi on Consi st ency Qui de

The Cat a O nensi on of Systen ewdefi nes the datathat i s shared by
al Systenvewconpliant todsandprovidesfacilitiestoaccessthat datain
aconsi stent way. Havingtoenter the sane data nore than onceintothe
i ndependent dat a struct ures of systens nanagenent tool s wast es ti ne and
provi des an opportuni ty for datainconsi stency. By providing for aconmon
set of shared data, Systenv ewal | ows datato be entered onetine andthen
t o be used by nany di fferent systens nanagenent tool s.
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Figure 7.4. The System ewfranmewor k.

Fnaly, the Application D nensi on of SystenV ewdefi nes six di sci -
plinesaof systens nanagenent. FH gure 7.5 graphical |y represent s the prod
uct s supporti ng t hese di nensi ons.

Change Managenent

Abenefit of nanagi ng your i nfornationsystens infrastructurefromMSis
theinherent ability of MStocraoss platforns for nanagi ng change t hr ough-
out the organi zation. Wsingtool s fromthe M/Ssystens nanagenent suite
of products reduces change errors, naintai ns higher availability, anden
hances productivity of your operati ons staff.

Change nanagenent i ncl udes pl anni ng, schedul i ng, distributing, syn
chronizing, instaling, activating, andnonitoring changes to data process-
ingresources. Typical questions wthwhi chsuppart staff westleinthe change
nanagenent context are

- Hownmuch change control do | need?

« Hware change acti vi ti es pl anned?

« Hwcan schedul ed change confli cts be nini nized?
« Hwdo changes get autonatical |y distri but ed?

e Gnlinstal softwarewthout i npacting the user conmuni ty?
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Figure 7.5. Systenmv ewproducts vork t oget her to nanage busi ness syst ens.

e Gnl back out changes transparently if a probl emoccurs wththe
irstdlaiar

Funct i ons provi ded under change nanagenent enabl e recordi ng, track-
ing, and controllingthe novenent of equi pnent and softwareinboth a
local and adistributedconputi ng envi ronnent. These functi ons are usef ul



Syst eml 390—+n Busi ness in the New Age

inactivitiesrangingfrominsta linganewconputingfacilitytore ocating
anofficetodstributing software throughout a netvork.

Intoday s dstributedenviromnent, d stributing softvare changes (that
is, upgradi ng software wth corrective and preventi ve nai nt enance) i s an
increasingly inportant segnent of thisdiscipline. NetMewD stribution
Managenent / M/S (Net M ewDM M/AS) di stri but es systemsof tware, appli -
cations, anddatafil estoas nany change control servers as necessary to
ensurethat al clientsrecei vethe upgrade. | nfornati o/ Minagenent Famly
(INFOMNN provi des pl anni ng and admini strati ve functi ons and t he nec-
essary dat a exchange wth operational functions. It integrates conmon data
by 1inki ng rel at ed conponents. Q her M/S change nanagenent product s
i ncl ude NetM ewH | e Transfer Product, Systens Mdificati on Progrand
Extended (SVP E), and ot hers.

Configurati on Managenent

Keepi ngtrack of al | the hardwar e and sof t var e asset s has becone i ncr eas-
ingydfficut. Gnfigurati on nanagenent, as usedin SystenM ew refersto
t he nanagenent of these resources, together wththe r connectivity, enadling
the el ectroni ¢ exchange of busi nessinfornation. It i s conparabl etoinven
tory nanagenent, inthe context of busi ness operations. Typi cal questions
towhi chthe support staff requi res answers i ncl ude t hese:

e \Wiat resources areinstall ed?

« \Were are those resources | ocat ed?

« Hwdo t he systens and net works | i nk t oget her (i nt er connect) ?

- Wiat changes are users naki ng to t he syst emconfi gurati on?

e Wiichresources arerel at ed t o wi ch owners?

- Hwecanl validate aconfiguration change?

As BSON syspl ex, and ather 1/ Oconnecti vity technol ogi es evol ve,

keepi ng | ogi cal and physi cal configurationdatain sync becones i ncreas-
i ngly conpl ex. Mii ntai ni ng conpl ete and accurat e configurationrecordsis

cruci a to achi evi ng 24-hour, 7-day-a—week servi ce. | BVIs Har dware Gon-
figuration Definition (HXD, Hardware Gonfigurati on Minager (HMN,
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and ESCON Manager addr ess t hese i ssues whi | e reduci ng t he conpl exi ty
associ atedwth configurati ontasks. (Additiona infornati ononthese prod
wtsisinGepter 3)

HDand HM worki ngtogether inaclient/server rel ati onship, pro-
videasing egraphical user interfacefor updating bath physi cal and | ogi cal
configurati ondefinitions. Gingbeyondtraditiona 1/Osof tware and har d-
vareinfornation, HVa l ows youtotrackinsta led cabl esandtheir char-
acteristics. Both of these products use ESOON Minager t o nanage ESGON
Drector comectivity data

ESCON Manager sinpl i fies |/ Oconfiguration nanagenent by pro-
vi di ng graphi cs for vi ew ng and changi ng conpl ex |/ Oconfigurations wth
el ect roni ¢ speed and accuracy. ESCONMinager unifies the I/ Oconfi gura-
tions of miltipl esysteminagesintoasing econfigurationinage and pre-
sertscosdidatedsta us of thosesystens’ 1/Oresaurces. Thissingifiestasks
associ ated wth nedi fyi ng the I/ Oconfi gurati onand w th probl emdet er m-
nation. Itsintegrated, centra control functions extend beyond | BESCIN
Drectorstoincl ude dat a on channel s and devi ces.

Operati ons Management

Qperati ons nanagenent i s a conprehensi ve di sci pl i ne covering severa sub-
di sci pli nes: systens and network, consol e, storage, workl oad, and pri nt
nanagenent .

Syst ens and net wor k managenenpr oduct s conti nuousl y noni t or
het er ogeneous net wor ks 24 hours a day, 7 days aweek. | BMs Net M ew
appl i cati ons provi de support for probl emdet erninati on, n@essage process-
ing, and operational control. NetM ewMil ti SystemhMinager M/S ESA pro-
vides central i zed, graphic contro of LANphysical nedia, NetVdre, |P, and
LANV ewManagenent Wilities resources, as well as ot her non-S\Are-
sources. As networks grow , Automated perations Networ k/ M/S
(AQN M/S) can be added t o work with Net Vi ewt o provi de aut onat ed
execution of predefined procedures toreduce or €l ininate operator inter-
vention for routine network nanagenent tasks. Net M ew Renot e (per a-
ti ons Manager for M/ ESA toget her with Net M ew Renot e per at i ons
Agent /400, provides centralized AY 400 nanagenent froma Syst end 390
M/S ESA conput er runni ng Net M ew\Version 2 Rel ease 3 or later.

Consol e nmanagenentpr oduct s ar e desi gned t o keep rout i ne probl ens
fromconsuning the attenti on of your operators whil e sol vi ng t hose prob-
lens faster. Systemi ewAut onat ed Qoerations Gontrol / M/S (ACD MS)
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crosses pl atf orng and di spl ays your systens as i cons representingcritica
el enents, col or-coded by status as reported by Resour ce Measur enent Fa-
cility (RF). Asanautonati ontool, AOD M/Srecei ves syst emnessages
(such as a gi ven el enent bei ng down), conpares t hemw t h your resol uti on
paicy (usud lytheaporopriaterestart procedure), and executes the recovery
pr ogr am

I'nml tisystemenvi ronnents, Target SystemGontral Facility (TS
integrateswthinacentra |ocationloca andrenote operator consol e op-
erations for nmst functions. It recei ves nessages and takes the appropri ate
actions, suchasinitiaizaion shutdown, configuration, recovery, and noni-
toring. TSCF al soworks with AQD M/Sfor aut onat ed and nanual pr ob-
I emresol uti on anywhere i nthe operations envi ronnent .

Paral | el technd ogy i ntroduced the chal | enge of easi |y nanagi ng nul -
tiplecentral d ectroni c conpl exes ((E3) fromasing econsd e. Thissing e
poi nt-of -control graphi cal user interfaceisinpl enented t hrough cooper a-
tiveinteractionof several |BMproducts that together nake up the | BV
syspl ex operati ons: ESCON Minager, Autonated Qperati on Gontrol / MS
Target System@ntrol Facility, and Har dwar e Minagenent Gonsol e Appl i -
cation ( HAWCA) .

St or age nanagenentpr oduct s use a standard set of policies, prac-
tices, and procedures t o nanage t he resources of t he st orage subsystem The
product s avai | abl e froml BMi ncl ude Dat a Faci | ity S or age Managenent
Subsyst e M/S (DFSME M/S) and ADSTAR D st ri but ed S or age Manager
(ADSM) .

CFSVE M/S aut onat es dat a pl acenent, per f or nance t uni ng, avail -
adility, spaceusage, adsecurity. It providesfor hi g perfornance detatrans-
fer, enhances dataavail adlity, andsinplifiesd saster recovery. 1ts subcom
ponent s i ncl ude Data Faci ity Product (OFSVEdfp), the nanager of 1/Q
Dot a Set Servi ces (OFSVEIss), the nanager of dat a novenent; H erarchical
S orage Minager (DOFSVEhsn), the nanager of inactive data; and Renov-
abl e Medi a Manager (DFSVBrnm), t he nanager of renovabl e nedi a.

Two ot her sof tware product s cover ed under the DFSVE M/S um
brel | a provi de addi ti onal systemnanagenent function. The DFSVE M/S
(otimzer Feature provides infornationtoal | users, whether they are sys-
temnanaged or not, that enabl es themt o use st or age—nanagenent resour ces
efficientlyandeffectivey. Infornati onprovi dedtothe storage nanaged user
i ncl udes howcurrent syst emnanagenent pol i ci es are nanaged; howto di s-
cover the costs associ at ed wth current stor age—nanagenent practices; how
tosinul ate potentia policy changes; and howto perform“what-if” anal y-
ss

395
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The Network FH | e System(NFS) feat ure provi des sone “open sys-
teni attributesthat givethe systemthel ook and fed of a N Xsystemwth
al o thestorage capacity, storage nanagenent, security, andreiability of
the M/S operati ng system NS provi des PCH X nanming conventions, is
NFS \ersion 2 protocol conpl i ant, and supportsthe Herarchical Fle Sys-
temof (penEdition M/S This feature a so provi des workstati onaccessto
conventional M/Sdata sets and can be used as anetwork fil e server. Vir k-
stationuserscantreat the MSHerarchical H e Systemas an ext ensi on of
their omfilesystem

ACBM ext ends t he OFSME /S phi | osophy i nto di stri but ed syst ens.
I't provides support for nanagi ng data avail ability and for space nanage-
nent (ADSMfor M/S) on het er ogeneous pl at f orns, both | BMand non-
BV ADBMIprovides asinple, interactive, graphical usersinterfacethat
sinplifies nanagenent of distributed systens anywhereinthe enterprise.
Autonati ¢ functi ons such as backup/restore, archive/retrieval, and space
nanagenent can be perforned wthout user interventionor participation.
Qients running on G5 2, NetVdre, Wndows, D35 Maci nt osh, and naj or
WN X pl atforns such as SUunCs Sol aris, DECU trix, SAOLhi x, and H-
WX are supported. Server envi ronnent s supported i ncl ude MS W VSE
RS 6000, AS'400, HRUX Sun Sol aris, and P9 2. Thi s w de het er ogeneous
support nakes ADBMIef f ecti ve as an enterpri se-w de di stri but ed dat a nan-
ag.

Wor kl oad nanagenent’ g1@i n obj ective isto ensure that the work
pl anned for executionis conpl etedtothe sati sfactionof the user. Achieving
this requires answers to questions such as; Wat are t he workl cad obj ec-
tives? Wat schedulingis requiredfor thiswrk?Vat isthe best use of
conput i ng resour ces? Vkiat arethepatentia effects of additi ond workl oads?

The M/S Wir kLoad Manager (WM defines goal s f or nanaged
work, nonitors results, and keeps | oads bal anced as the operati ng envi ron
nent changes . Qperati ons A anni ng and Gontrol / ESA (QPC ESA) aut onat es
thetining, priority, add stributionof avworki cadacrosssingeor mitiple
het er ogeneous systens, |ocal or renate. It interfacesdirectlytonany prod
ucts (NetView, EPDV SLR RMDS, |nformati on/ Managenent, RACF,
A MS, DFHEM ACS M5 AX 5400, Sun Sol aris, SunCs, HP- UX
and LoadLevel er) to provi de a conprehensi ve, aut onat ed processi ng faci | -
ityandanintegrated sol utionfor the control of conpl ex production
vorkl oads. D stribut ed Gnsol e Access Facility (BDCAR) and Resour ce Mea-
surenent Facility (RMF) are ot her workl oad nanagenent t ool s.

Pri nt Managermenthas becone nore conpl ex with the nove to di s-
tributed, nultivendor environnents. Gornmon probl ens i ncl ude poor j ob
tracki ng, | owqueue nanagenent, and no cross-pl at f ormadmini strati on.
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SystenM ewl everages current printer i nvest nent and provi des syst ens-
nanaged printing for stand-al one envi ronnents, LANenvi ronnents, and
netvorked distributed client/server ervi ronnents. Mil tipl e datastreans ad
mitipleprinter architectures are supportedonasing eprint server. Rrod

uct s supporting print nanagenent i ncl ude t he Job Entry Subsyst em(JE2

and JES3) and SystemD spl ay and Search Facility (25 . 5 provi des
rea tineaccesstosystem jab, printer, queue, axdresourceinfornationina
fornat thet iseasily understood

Per f ormance Managenent

Inlargesystens, thisdisciplineiskeytoopti mzi ngend user support and
satisfaction, toinprovingsystemavailability, andto gai ni ngaccept ance of
newappl i cations i nyour busi ness envi ronnent. |t addresses the effective-
ness of operations staff inplanning, eval uating, and contra |ingfunctions
thet deliver servicetousersaccord ngto user-definedservicegod sandpdi -
cies. Questions conmonl y usedtoassi st inthis processincl ude

e Werearethe“bottlenecks” (thepaints at whi chconflicts or del ays
occur) inthe systen?

e Howdo | reduce or elinmnate t hen?
e Wat isthe perfornance across the entire system(endto end)?
« Hwcanl provide bothrea -tine and trend eval uati ons?

- Hwand where can | increase capacity i n ny network?

Tool s that enabl e noni t ori ng and anal ysi s of perfornance statistics
for [ocal or renote systens and bal anci ng the use of fi xed syst emresour ces
by t uni ng syst emper f or nance paranet ers are i ncl uded i n t he Syst envi ew
suite. | BMIs Resour ce Measurenent Faci lity (RMP) is oneof the nost wdely
used per f or nance—nanagenent tool sin System390instal | ati ons, providing
support both for singl e systens and syspl ex envi ronnent s. Through a singl e
logon, RVFdisplaystheentiresystemasasingleinage. Inread tine, your
operat or can eval uat e performance and usage | evel of each naj or system
e enert. It provides qui ck prod endetecti ontod ert users of patentia bottle
necks, all ow ng corrective acti on before probl ens becone critical .
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Ent er pri se Perf or nance Dat a Manager/ M/S (BPDM M/S) works with
RMF t 0 anal yze col | ect ed RWF dat a and t o enabl e nor e sophi sti cat ed pro-
jections and presentati ons. The Service Level Reporter (SR a soprovides a
graphi cal andtabul ar reportingtool for tracki ngsystem network, A CS
and | M5 perf ornance, using data col | ected by RMF. S.Ral so tracks net -
vor k usage and avai | abi | ity usi ng dat a col | ect ed by Net M ewPer f or nance
Moni tor (NPV).

NPMpr ovi des a base for central i zed perf or nance nanagenent for a
wde variety of products and functions wthinthe conmuni cati ons network.
NAMnakes it easy tocdl | ect, ana yze, and di spl ay real -ti ne network, ses-
sion, LAN and VTAMper f or nance charact eri sti cs usi ng a si ngl e graphi cal
vorkstation. It canalsogenerated ertsto Net M ewfor autonati on and reso-
lution. Qher tool s include dC3 ex SystemManager (CPSV) and DB/
Per f or nance Manager (DB2/ PV).

Probl em Management

P obl emnanagenent enconpasses both situati ons that night devel opinto
probl ens and t hose t hat have al ready becone probl ens. 1t provi des for de-
tection, and ysi s, recovery, resa ution, andtracki ngof thesesituati ons as
they occur throughout the enterprise. Questionsfor whichit provides an

svers i ncl ude

« Wi ch resour ces are approachi ng t hreshol ds and coul d becone pr ob-
| ens?

« Werearecurrent probl ens occurring?

e Wi chresources or users are af fect ed?

« Hbs the probl emal ready been report ed?

e Gan the probl embe bypassed?

« Hbs soneone been gi ven responsi bility for this probl en?
« Wenis the resource expectedto be restored?

« Wi ch probl ens have been cl osed?
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Tool s provi ded for probl emnanagenent directly af fect systemavail -
ability, bothby enabl i ng qui ck responseto a arns rai sed bef ore t hey becone
probl ens and by ensuring rapi d resol uti onto probl ens. Aconprehensi ve
set of reportshel ps operatarsidentify netverktroud espats, pinpoint chronic
har dvar e and sof tware fai | ures, nonitor vendor responsi veness, and track
thestatus of dl gpentroud etickets. Autonationscripts, wichcanbetrig
gered by a probl emreport, hel p aut onat e nany of the tasks associ atedwth
a probl emrequest. Achange request (suchas, requestingdistributiontoa
workstationof asoftwarefix) coul dbeinitiatedfroma probl emreport.

The singl e poi nt of control provi ded by MSandits systemnanage-
nent productsisacritical el enent of effective probl emnanagenent. By
conbi ning thisinherent integrationwth Net M ew s G aphi cs Mnitor Fa-
cility (NGW), you can di spl ay and nani pul at e conpr ehensi ve probl em
records. S Rand BFOM(di scussed earlier) work together to provi de di s-
tributed and central i zed probl emreporting. Thi s i ncl udes tracki ng AS' 400
and R SC Syst enf 6000 syst emper f or nance usi hg dat a col | ect ed by agent s
on those systens. Qher M/Sproducts, such as A C3H ex Syst emMinager,
al so ai d i n probl emnanagenent .

I NFO Managenent and t he Pr obl emManagenent Bri dge provi de t he
abilitytolinkdrectlytoexterna prad emresa utionresources such as | BV
andthird-party vendors. These aut onat ed | i nks can reduce probl emassi gn-
nent tineandinprove foll owup for qui cker resal ution.

Busi ness and Security Managenent

Aswithother businessinvestnents, infornationsystens (1S i nvest nent
deci sions requireasound financial justification. Afullyinpl enented ac-
count i ng and charge-back functionis essentia toidentifyingitens suchas
applicationcosts, |Sprofitability, and|Shudget versus actuad revenue ad
expense. dpAccounti ng Manager for M/S (dpAV) provi des i nvest nent de-
ci sionsupport, forecasti ngand sinl ationcapabilities, andaconpl ete ac-
count i ng and char ge-back appl i cation. It provi des extensi ve functi on and
flexibilitythroughits use of Dt abase? ([R) . Its Report Minager for G5 2
feat ure provi des predefi ned nanagenent reports, charts, and graphs t hat
can be i nported by PCspreadsheet and wor d- processi ng appl i cati ons.

A though prot ecti ng your busi ness has al ways i ncl uded securi ng and
ensuringtheintegrity of your | Sresources, theneedfor thistodayis greater
and nor e conpl ex. For over two decades, the M/S operating syst emhas
hedsystemintegrityfeatwresbult intoits design Thesefeatures ensurethat
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systemfacilitiesthat support security cannat be bypassed and users and ap-
plications cannot get i ntoportions of the systemfor whi chthey are not
authorized. Integrityisadesignpont of the MSsystem features such as
privat e address spaces support integrity by isol ating prograns fromeach
other sothat they cannot viol at e each other’ s storage. S nce 1973, when
support for M/Ssystemintegrity was fornal | y announced, M/S has pro-
vi ded a hi ghl y secure operati ng envi ronnent .

| BMprovi des several product s desi gned t o hel p keep your resour ces
saf e fromi nadvertent and nal i ci ous danage whi | e naki ng user access to
appl i cati ons as conveni ent as possi bl e and provi di ng net wor k and appl i ca-
tionsecurity and si nplifyi ng networ k nanagenent .

Di stributed Security Manager for MS (DSM Mvagdr esses t he
conpl ex probl ens associ at ed W t h nanagi ng security admini strationina
distributed, nultivendor environnent. DSV M/Sworks across mil tipl e | BM
and non-1BMpl at forns i ncl uding WS W 5400, C5 2 LAN and Novel |
Net Vir e t o st andar di ze securi ty procedur es t hr oughout the organi zati on
and to provi de secure adnini strati on of frequent!ly perforned security tasks.
Whthitsclient/server/agent structure, DBMMSworks wththeloca plat-
formsecurity product toal | owan adninistrator toadd, del ete, or nodify
sone or al of aperson’ s user IDswthasing ecommand. Because DAMM/S
reconci | es wththe busi ness’ s personnel dat abase, L8V M/S can aut onat i -
cdlyintiaeactiostoreflect changesinpersond . For exanple, it canlock
the user 1Dand notify the appropriate authority when an enpl oyee | eaves
your conpany. Aconmon graphi cal user interface permits security adnin
istrators, nanagers, andthe r del egat es t o change speci a pri vi | eges and ac-
cess toresources, reset passwords, transfer user |35, andreviewauser’s
aut hori zati on and access pri vil eges. Wi ng DEMM/S , Security procedures
are easily standar di zed and consi stent |y appl i ed across departnents, pl at-
forns, andthroughout the busi ness.

Resource Access Control Facility (RACFs | BMs strategi c access
control software for M/Sand Woper ati ng syst ens. RACF provi des gen-
erad security services suchas user identification, user authentication, ad
access aut hori zati on to resources. Qher conponents or subsystens of the
operati ng systemand appli cations, aswel | as security adnini strators, can
invokeitsservices. It allows administrators to updat e renot e RAG- dat a-
bases w t h a si ngl e cormand, aut onat i ng t he synchroni zati on of separate
security dat abases. RATF al so al | ows you t o synchroni ze al | RATF pass-
words for agi ven user onthe sane or renot e systens. Wth RN Secured
Sgn-onandathirdparty authenti cati on nechani smsuch as t he | BVINet -
work Security Program(Net SP), users | og on once and t he syst emsecur el y
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I ogs themont o appl i cati ons as needed w t hout sendi ng passwor ds acr oss t he
networkintheclear. RMFcanhelpa sointhetransitiontothe opensys-
t emenvi ronnent by using the Systeni390 paral | el couplingfacilitywth
M/S Version 5, (penEdi ti on, DM M/S, and A CS Ver si on 4.

Net Vi ew Access Servi ces (NVASHl so provi des security nanagenent
functions that support the Systen ewSeri es busi ness nanagenent di sci -
pline. It provides VTAMAppl i cati on Sessi on Managenent and Net wor k
Security. Wingthe | BMRersonal Security Gard and a crypt ogr aphi ¢ prod-
uct , youcanpratect sensitivedaafromunauthorizedusersasit fl ows across
networks. The Transacti on Security Systemor the | ntegrat ed G ypt ographi ¢
Service Feature (IR, wthits conpani on sof tware I ntegrated Qypt o
graphic ServiceFaci lity (I C3HMAS, provi de t he needed crypt ogr aphi ¢ sup-
port . | GRF supports the Data Encrypti on Sandard (CES), the de facto
internati onal dataencryption standardal gorithm | G conponent s t hem
sel ves are secured wth tanper detectionfeatures. | C3Fis designedto ac-
conmodat e hi gh- vol une bul k dat a t ransf er and transacti on processingwth

conpl ete security.

SystemVi ew Application Products

Syst enM ew conf orniing product s (described earlier and representedin A g
ure 7.5) areoffered froml BV | BMSystemi ewlnternati onal Alliance
Menber s, | BMBUSI ness Partners, and ot her software vendors. The fol | ow
i ng sections provide additi onal details onthefunctions of nany of these
product s.

Net Vi ew Version 3 for MVS/ ESA (5655-007)

Net Vi ewi s a SystemMi ew product for nanagi ng net wor ks and syst ens
through graphi cs di spl ay and autonati on. 1t provi des these services for both
Syst ent 370 and Syst emd 390 appl i cati ons. Net M ew\ersion 3 for MY ESA
provi des a conpr ehensi ve set of network nanagenent tool s and an i nte-
grated vi ewof SNAand nul ti vendor, het erogeneous networks. It provi des
t he Resour ce (pj ect Dat a Mainager (RN as a si ngl e pl ace for i nfor na-
tionabout systemresources andattributes wthanorgani zeddatastructure.
RXMi s used by AT M/S Rel ease 4 to enhance its syst ens nanagenent
capabilities. WthNetMew oneoperator cangraphicallynonitor all of the
net wor k and syst emr esour ces froma si ngl e di spl ay.
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Thelatest features a | owoperators to qui ckl'y anal yze and resd ve net -
vor k probl ens, aut onat e nany net wor k and syst emoper at i ons t asks, sup-
port dynamic SNAand | ogi cal unit (LU topol ogy and stat us, provide
dynamc Net M ewoperator definitioninasecurity accessfacility (SA) envi-
ronnent, andsinplifyinstallationwthNetMewlnstallationand Adnini s-
traionFecility/2(NA72), averkstati onrbesedinstd laiontod . Aso, three
functi onbased packagi ng opti ons provi de sinpl i fiedorderingandterns and
cond ti ons:

« An enterprise systemoptiqgna full-bl own Net i ew package t hat
i ncl udes the Net M ewG aphi cal Mnitor Facility (N3P, the AFPN
Topal ogy and Account i ng Minager, and t he obj ect-ori ent ed Resour ce
(bj ect Dat a Base Manager ( RCDV)

» Aprocedural systemoptignwhichincludes LUB. 2-based al ert for-
vardi ng and provi des al over cost alternative wthout the graphi cal
functi ons

« Arenote unattended systemopti pnahi ch provi des basi ¢ Net i ew
aut onat i on and noni tori ng functi on w th no nonitor but enabl es
l'i ghts-out nanagenent for renote operations by passing al erts and
aarns backtoacentralized Net M ewpl atform

For conveni enceintransferringlarge anounts of data between sites,
anong systens, or across platforns (i ncluding MS W VSE 8 400,
&2, and Al X), you need the NetM ewF | e Transfer Program(Net i ew
FIP, illustraedinF gure 7.6. Thi s programprovi des adnini strativefacili-
tiesand autonatictriggersfor batchandinteractive operation. NetM ew
FTP perforns di rect fetch and store operati ons bet ween syst emst or age
devi ces usi ng peer-to-peer communi cations, whi ch el i ninat es the need for
interned atespoding. It asoprovides autonaticrestart andfile-typecotr
version, one-to-oneinagi ng, and hi gh-speedtransmissionfor efficient file
transfer. Autonatic error recovery, conversationsecurity, and dataencryp
tionprotect agai nst systemfai | ures and unaut hori zed at tenpt S t 0 access dat a

Aut omat ed Operations Network/ WS (AON/ WS)

AN MSis aNetM ew based programt hat provi des conpr ehensi ve net -
vork autonation for the MSenvironnent. It repl aces the Aut onat ed Net -
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wor k Qperations (AND M/S) product. Acommon set of net hodol ogi es
(anaut onat i on devel oper’ stool kit) isincluded It provides anunber of

conmon routi nes (suchas agenericfail ureroutine, ageneric recovery rou

tine, andagenericactivity recovery routine) for conmand i nput and pal i cy

generation, enabl i ng consi stency acrass processors and | ocations. Thi s ent

abl es network-w de autonationinanatter of days, rather thanthe nany
nont hs previ ousl y devot ed t 0 aut onat i on- pr ocedur e codi ng.

Syspl ex Operations Manager for MVS/ ESA Rel ease 2 (5655-095)

Thi s product provi des a si ngl e systemi nage across nul ti pl e coupl ed sys-
tens and contai ns functions that position Systeni390 asthe prinary pl at-
formfor systens nanagenent i nthe paral | el syspl ex as wel | as t he non-
syspl ex envi ronnent. Inconjunctionwthits associ at ed products, descri bed
later, it provides for the aut onat ed and renot e noni t ori ng and operati on of
3390 processors, particul arl'y S 390 ncr opr ocessor—based systens i n a per -

dld sysdex

ationDate: Sat Jan 27 16:29:24 1996
RAW

Figure 7.6. NetMewH e Transfer Program(NetVi ewFTP).
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A though t he Syspl ex Qperati ons Mwnager i s a si ngl e orderabl e en-
tity, it includes several separate products and features: AGD MSRe ease 4
reduces operat i ons cost s and i ncr eases syst emef fi ci ency; ESCON Manager
Version 1, Rel ease 3 provides ef fective nanagenent and control of thel/O
resour ces of an M/ ESA conput i ng envi ronnent ; TSOF Rel ease 2 enhances
thecontrol, nonitoring, andautonation capabilities of NtMew installa
tionpdicaioms, ineractivetuaid, varkstaioninstad |l tod, adinstdla
tion eval uation servi ces conpl enent the product offering. Detail s onthe
i ncl uded product s fd | ow

Aut omat ed Operations Control /WS (AOC/ WS) Rel ease 4 (5685-151)

ACOMSisaNtMewapplicationthat aut onat es responses to al ert nes-
sages and st ores nanagenent data. It provides for drop-inautonation of
operator functions for the M/SBase Gontrol Program(M/SBP), Job
Entry Subsystem(JES), Tine Sharing Qoti on/ Extended (TSOE), and Mr-
tual Tel ecommuni cati ons Access Met hod (VTAV). Based on predef i ned
policy, AGOMSInitiates responses reduci ngthe need for hunaninterven
tionand i ncreasi ng t he speed w t h whi ch probl ens are resol ved. A0 MS
di spl ays resour ces as cd or-coded i cons and hi ghl i ght s a resour ce when ser -
vi ce approaches acritica threshol d. Ui ng conmon st ruct ures and servi ces,
AQT M/S al so i ncl udes aut onat i on f eat ures supporti ng A CY ESA
| M5/ ESA, OPC/ ESA, and ACEXPERT/ MV/S.

AQT WS Rel ease 3 provi ded i nproved syst emnanagerent for
syspl ex envi ronnent s by provi ding agraphi cal interface. Syspl ex resources
arereflected as obj ects i nthe RIMand ar e di spl ayed on t he AOCgr aphi -
cal interfacethroughintegrati onwth NetM ew\ersion 2, Rel ease 4 and
subsequent rel eases. Qher resources that are nanaged i ncl ude t he Syspl ex
Tiner and the Qoupling Facility. Theintegrationw th Net\i ew s ROV
and N3WF al so provi des the operator with asingl e point of control and
sinpl er ent erpri se syst emnanagenent. A soinRd ease 3, thecurrent auto
nationoptions for ACS IM5 and GCareintegrated wth AOCat a com
nand | evel . Thi s enabl es t he systemoperator to nanage A C5 IM5 and
QCf uncti ons as systemresour ces, reduci ngthe needfor additional skills
and el i minatingthe needtol eave ACCt 0 execut e t hese functi ons t hrough
dfferet inerfaces.

Wth Rel ease 4, ACCt akes advant age of those autonated features to
autonatical lyrestart failed processor-based appl i cati ons such as G CSor
IMB Vérking wth MS ESAVersion 5, Rel ease 2 autonatic restart nan-
agenent, AQCcantrigger ana armto NetM ewi f user-defi ned t hreshol ds
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areexceeded or if afailureoccurs. NetMewcantheninitiatetherestart
or ocess.

Qher functions in Rl ease 4incl ude agraphical interfacefor con
stantly nonitoring, and graphically presenting, G CSand | Msappl i cation
perfornance; ensurethat status for nonitoredresources are accuratelyre-
fl ected on the AOD M/S graphi cal interface or are narked as “unknown”;
support alternatescript processors for 1ogonand |l ogoff, alowngusersto
choosethoseinvwhichthey aread ready proficient; andreduceinitiaization
tinefor the ngjority of AOO M/Sstart-ups, enabling AGO M/Sto begin
nanagi ng t he ent er pri se sooner.

Target SystemControl Facility (TSCF) Rel ease 2

Target System@ntrol Facility (TSF) extends NetM ewcontrol tomiltiple
systens, local or renotetarget systens, fromasing efoca -paoint system
TST runni ng on Net M ewperforng renote | FLs, reconfi gures storage, and
detectswait states. Wth Rel ease 2, TSJ-target systens are extendedto
i ncl ude nncr opr ocessor -based central e ectroni ¢ conpl exes ((BE3) ina Sys-
tem30 peral | el server, includng 9672 nodel sandthe Gupling Feci lity. It
al so support s indivi dual ES 9000 and | BMI3090 processorsinanul ti pl e-
syst emenvi ronnent and the i ndi vi dual 1 ogical partitions (LPARS) of §390
processor s runni ng t he Arocessor Resour ce/ Syst ens Minager (PR S\) fea-
tue

TS command support, provi ded vi athe Gonmand Tree/ 2, rel i eves
operations staff frombeing famliar wththe syntax of TSJ- conmands.
Gonmand Tree/ 2 provi des a tree of TSOF conmands, conpl ete with di al og
boxes cont ai ni ng paraneter pronpts and on-1ine hel p, that enabl e t he op-
erator to construct any TSOF coomand. That command can be i ssued to
one or noretargets and t he response di spl ayed i n aw ndowon t he wor kst a-
tion. G oup/ subgroup comnmand support enabl es ent er pri se-w de nanage-
nent of S 390 target systens t hrough a si ngl e conmand i nt erface, reduci ng
t he nuniber of conmands and responses an operat or nust enter and track.
TSSO support s groupi ng target s under user - def i ned nanes.

Any user of AQO M/S (descri bed earlier) can access froman
ACO M/Sworkstation any of the TSTF capabi lities or those of the Hard-
war e Managenent Gonsol e (HMD), described in Chapter 3. AQD M/Srep-
resentsthe 9390 Paral | el Bterprise Server and other S 390 processorsin
theenterpriseasiconsonits graphical user interface. The ACO MStrans-
fer functi on enabl es HMCand TSO-functions to nonitor and control those
processors. |f thetarget systens are renote fromthe ACD M/S server or
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vorkstation, connectivityisprovidedviaatokenringLANeither directly or
over ACI i nks.

ESCON Manager Rel ease 3

The ESGONMinager i s alicensed software programthat offers aunified
i nage of the operationa 1/Oconfigurationandasing epoint of contrd for
the I/ Oconfigurati onresources andtherel ations and paths that span nul -
tiplesysteminages. It permtsinpl enentationof configuration changes
among al | I1BMESOOND rectors and control units. It ensures that the
changes do not cause unexpect ed syst emor appl i cati on out ages duetothe
| oss of aconnectionpaththat i s alreadyinuse. Wen conbi ned, ESCN
Manager and the | BMESOON D rectors sinpli fy the tasks of nanagi ng
conpl ex syst emi nt er connect i ons.

ESCONMinager Rel ease 3integrates the I/ Oconfigurations of nul -
tipesystensintoasing econfi gurati oninage. Areviously, thel/Oconfi gu
rationwas presented excl usi vel y fromt he perspecti ve of t he ESTNMin-
ager system whi ch submtted conmands and i ncl uded onl y I/ Oresour ces
owned by that system Now the ESOONManager is anare of all systens
that share an IBVIESGOND rector. Thi s enabl es t he ESOON Manager to
obtai n 1/ Oconfiguration data fromother ESCON Minager systens and to
graphi cal |y depi ct at the ESCONMnager Vdrkstati on Feature asingl erep-
resentati onof shared!/Oresources. These resour ces i ncl ude processars, chant
nel s (both ESCNand paral l el ), IBVESONDO rectors and D rector inter-
faces, contrd wnits, devices, axd@udingFecilities.

Thi srel ease al so addresses the need t o concurrent |y vary devi ces t hat
are shared anong mul ti pl e systens. Through a si ngl e i nvocat i on of a com
nand at t he ESCONMnager Wrkstati on Feat ure, devi ces that are shared
acrossthel/Oconfigurationof miltip esystens canbevariedotline or of f-
l'ine, evenwhen those devi ces are known by di fferent devi ce nuniberstothe
vari ous operating syst emi nages. The devi ces can be ESCNor parall el
attached. If thevarying operationcannot be perforned onall systens, the
ESCNMinager restores devicestotheir origina state. Theinvoki ng com
nand i s supported wth graphi cs that permit sel ection of geonetric objects
representi ng devi ces.

Wththis rel ease of ESGONManager, procedures for nanagi ng t he
I/Oconfigurations of nultiplesystens aresinplified Fewer conmands are
requi red, reduci ngthe opportunitytointroduce errors. “Roint and shoot”
sel ection of graphi c objects provides analternativeto usingthe conmand
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structure. Fnally, the ESCONMinager functions can be aut onat ed usi ng a
programwittentothe ARl ineither REXX | BVIAssenl er Language, or a
| anguage t hat adheres tothe | BViAssenl er Language CALL nacro i nter-
face conventi ons for MS

Syst ens nanagenent per sonnel require i nfornati on about |/ Ore-
sources. Asystemprogranmer, for exanpl e, night wshtoidentify shared
resources and to obtai ntype/ nodel and sel f-descri ptive i nfornati on when
nodi fyi ng the configuration, identifying probl ens, or restoring service.
ESCONMnager provides this infornationwhile graphically distingui sh-
i ng exception and nornal conditions, usingthe Vdrkstation Feature. Oce
anexceptionconditionisidentified, additional infornationabout the con
ditionisavailabl e froma notebook presentedin a pop-up w ndow

Oper ati ons Pl anni ng and Control / ESA (OPC/ ESA) Rel ease 3 (5695-007)

QPC ESA provi des the foundati on for enterpri se-w de wor kl oad nanage-
nent. Wet her your busi ness operat es a si ngl e-i nage M5 ESAsystem a
paral | el syspl ex environnent, or a network of conpl ex, nul ti vendor sys-
tens, QR0 ESAhel ps you pl an, nanage, and construct producti on wor kl cads
based on user-suppl i ed descri ptions. These pl ans provi de the basi s for your
service | evel agreenents and provi de a pi cture of the producti on workl cad
a awypartintine

Fomasinglepoint of contro, O ESA(see Hgure 7.7) anal yzes the
stat us of producti onwork and dri ves t he processi ng of the workl oad, ac-
codingtotheinstallation sbusiness paicies. It submtsworklcadtoall
systens defined to be under CPCcontrol, coll ects infornation about
vor kl oad executi on, and sends st at us changestoacentra point of contral .
Fomacentra panel, the GCoperator nonitors andrestarts al work un-
der FC s control. Mnitoringtakes pl ace fromPS 2-based di al ogs. Inte
grationis provided wth ot her systemnanagenent applications, including
AOMS NetMew and | nfornati on/ Minagenent, and i nterfaces are pro-
videdtoapplications runningin Systens Application Achitecture (SA
envi ronnent s. The oper at or need not be aware of the systemon whi ch a
speci fi c piece dof workl cedi s executi ng.

Inadditiontoprovidingasing epoint of contro, QRO ESAnonitors
the productionworkl cadinreal tine, providessecurityinterfaces, pernits
nanual interventioninworkl cad processi ng, reports current status, and pro-
videsinfarnationusefu indefiningservicel eve ageenants. Aso, detsare
passed t o Net M ewi n response t o wor kl oad processi ng si tuati ons. These
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Figure 7.7. CPC ESA

aertstrigger correctiveactions. If systemfail ures occur, O ESAcanre-
start processi ng on ancther system Inan MSpara | el syspl ex envi ronnent
(MS EAVersion4or 5), ahot standby functionautonatical lytransfers
control of the production workl oad t o anot her systemin the syspl ex.
QPO EsAal so of fers agents for contral |i ng workl oad on non- M/S pl at -
forns. QRCTracker Agent features | et you plan, control, and nanage the
wor kl oad on net wor ked non- M/S pl at f or ng fromt he GPQ ESA cont r ol -
lingsystem

Wt h Rel ease 3, nore preci se wor kl oad nanagenent i s achi evabl e.
You can nowdef i ne a speci fic quantity of resources or alter the quantity,
availability, or comectedwrkstationsfor dfferent days or for varyingtine
i nterval s. You can nowconnect an QPQ ESA speci al resource to a RIM
obj ect (seetheearlier discussionaof NetMew, wichlets youschedul e op-
erati ons wth the know edge of actual resource avail ability. Ril e-based run
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cycles a lowpoverful andflexiblerun-tinepaiciesthat aresinpl etode
fine. Youcandefinecl osedinterval s hand i ng noncycl i ¢ peri ods out si de cont
ti guous busi ness cycl es. Joblogs canberetrieved ondenand or autonati cal |y,
andviewng of themisprovidedfor al operations.

System Di spl ay and Search Facility (SDSF) for M/S/ ESA (5665-488)

I5-provides atool for sinplifyi ng nanagenent of a Job Entry Subsystem
(JE2). It supports systens progranmers, operations persomnd, and end users.
Wi | e syst empr ogranmer s provi de t he set up and access-control parangters,
oper ati ons personnel use IJ-t 0 nanage t he syst ems resour ces (printer
poal s, for exanpl €). The fact that systemprogrammers can aut hori ze end
users to assune sone | evel of systemmanagenent nakes thi s product un-
usual . End user access can range over aw de set of functions that include
nanagi ng j obs and out put. SO8F  conpl enent s ot her Syst emA ew pr oduct s
inthat it uses sone of the dataand servi ces they provi de. Thi s approach
ensures conpat i bility across product s whi | e focusi ng 8 s i nfornat i on on
JE=.

I nf or mati on/ Managenment (Version 6, Rel ease 2) for MS/ ESA
(5695-171)

| nf or nat i on/ Managenent for M/ ESA (see FH gure 7. 8) provi des probl em
and change nanagenent and a reporting systemw th addi ti onal functions
for managi ng confi gurati on andinventory data. This | atest rel ease adds
client/server support for Infornati on/ Minagenent dat abases, and the M/S
server i s enhanced t o support renot e dat a access by client applicati ons ac-
cessingclient AAson @2, ACIEA AX nSolaris, and HR WX

Wing Interactive Systens Froductivity Fecility (I SF) Wersion4, R
| ease 2, I nfornation/ Minagenent provi des additi onal renote presentation
client support for Al Xand HP-UX Cormon User Access (A contral s,
i ncl udi ng separat or bars, accel erat or keys, andthe capability to use work-
stationeditors on I nfornation/ Minagenent files, areadded for G52, Wn
dows, Al X and H> UXrenot e presentati on envi ronnents. These functi ons
enabl eintegrati ng non-1BMpl atforns i nto I nfornati o/ Minagenent, pro-
vi di ng probl em change, and confi gurati on nanagenent capabi | ity bet ween
| BMand non- | BMpl atforns. The Al Xclient communi cat es usi ng ei t her
APPCor TP | P communi cati on protocol s, and the H2UXand Sun Sol ari s
clients conmuni cat e usi ng t he TG | P conmuni cat i on prot ocol .
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T CreationDate: Sat Jan 27/

Figure 7.8. |BMInfornati on/ Mainagenent for M/ ESA

AOEXPERT/ MVS

APBEXPERT/ MSis areal -ti ne deci si on naker that appl i es cust oner -

def i ned busi ness pal i ci es to preventi ng speci fi ¢ types of unpl anned out ages.

I't nonitors resource usage, predicts outages, andtakes preventive action
(viaAOMS). ABPERT/ WSis IBMsfirst real expert systenior au-
t onat ed oper at i ons.
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Resource Measurenent Facility (RMF) for MVS/ ESA

Fer f or nance nanagenent inlarge systens i s key to opti nizi ng t he support
and sati sfactionof users, toreducingthe cost of conputing, toinproving
systemavai | ability, and, sonetines, tothe acceptance of aperticu ar appi-
cation. RVF, unarguabl y the nost pervasi ve per f or nance nanagenent t ool
inSystem30instal lations, provi des awde variety of perfornance, capac-
ity andlong-termpl anning, and probl emdetermnati ontod s for singl e sys-
tens and paral | el syspl ex confi gurati ons usi ng t he M/S operati ng system

RMF present s hard copy dat a gener at ed t hr ough a post processor. |t
asoprovidestwon-lineinterfaces (Mnitor I andMnitor I1), eachwith
uni gquelayouts and d fferent access characteristics. Athoughit offersawde
varietyinrepartsandgesa flexihbility, eased useandproductivity require
nents areleading | BVito provide noreintegrati onanong thesethreeinter-
faces. Afirst step, tointegrate Mnitor 11 and Mnitor 111 intothe sane
onrlineinterfaceandtoa | owthe creati on of post processor reports fromthe
sane poi nt of contrd, isinprocess. Thisintegrati on, together wth provi d-
ingthecapabilitytoaddyour ominsta lationapplicationstothe sane | S+
inerface, allonsyoutoexploit all RMFreporter functions si nul t aneousl y.
It alsoprovidesacentra access point for al MSperfornance nanagenent
fucti os.

Anewpost processor overvi ewreport a | ovs your instal lationto gen
erateoutput tailoredtoits own needs. Astandard har dcopy out put option
and a newrecord | ayout, whi chal | ows resul ts to be processed w t h addi -
tiona too s or savedinaperfornance database, provideflexibility for your
reports. Thesefeatures enabl eyoutoreducethe dataco l ected over al ong
periodtoonly the nost significant paranetersandtousetheresults for
futher adysis.

The gronthinpopul arity of spreadsheets, such as Lotus 1-2-3 and
Mcraosoft Excel, pronpted | BVit o of f er sophi sticatedtool s for data na-
npu ation eva uation, andd splay. Sonebusinessinsta | ati ons a ready conr
vert RMFreports tothese spreadsheet fornats. Anewextensi ontothe R
post processor, the RVt o- Sreadsheet converter, alonsa | userstoexploit
these capabilities. It enabl es usersto convert noest RVF Rost processor re-

ports and nany of ten-used Monitor 11 and Monitor 111 reports to Lotus
1-2-3formats, whi ch can al so be read by Mcrosoft Excel or Borland s
Quattro Roand ot hers.

Anot her newt ool , RMF TRENDVI EW of fered on t he | BMnar ket -
ingtoosdisk allowsthepresentationof Mnitor [11 perfornance dataona
wor kst ati on. Runni ng on t he wor kst ati on, TRENDJV BAsupports request s
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for datafromthe MSsystem Youdefinethedate, tine range, andtype of
data, thedataisabtainedviaahMnitor 111 reporter background sessi on, and
thedatais passedtotheworkstati onand convertedintothe RM~t o- Soread
sheet datafornat. Your datarequests canal l owfor correl ation of vari ous
data. Thedatawndowis onlylinmtedbythedataavailabl etothe Mnitor
[ gtherer.

Enterpri se Performance Data Manager/ WS ( EPDM WS) Version 1,
Rel ease 1.1 (5695-101)

BEPDMcol | ect s det ai | ed syst ens—anagenent dat a recor ded by nany parts
of thesystem organizesit, storesit inastandard OB dat abase, and pre-

sentsit ingraphica or tabul ar reports. As part of the SystenM ewstrat egy
addressi ng prinarily the perfornance nanagenent di sci pl i ne, BPFDMcon-
sists of abase segnent and several features. Thefeaturesincludea“l og
colector” that gathersinfornati onfromdatal ogsinavariety of prograns,

extractsit, preprocessesit, andstoresit i nthe BFDMbase dat abase; an
administrationdia ogthat givestheuser control over nost aspects of the
product; andareportingdal ogthat provi des severa optionsfor generating
and cust omzi ng reports.

| BM Software Manager MS/ ESA (5648-051)

| BVISof t var e Minager M/ ESAi s a cooper at i ve processi ng, client/server
applicationthat easesthetask of installingsoftvare, naintai ns aconmon
repository for software data, and nanages sof t var e or ders and syst emcon-
figurations. It offers aninventory dat abase capabi | ity to descri be MS ESA
sof tware orders, products, service, andconfigurations. Thecentra irnven
toryis storedonaPersonal Wrkstation (P/® andis based on (5 2 Re-
| ease 2 and MS ESAVersion 4, Rl ease 3. Roint and cl i ck functi ons associ -
at e sof tvare product s and servi cet o systemconfigurations for insta lation
and/or orders, wthautonati c updat es totheinventory dat abase. Thesein
stallationroutines are execut ed by i nvoki ng SV E Sof t war e Minager eases
t he nanagenent of anenterpriseby providingasing euser interfacetore
ceiveandinstal | MS ESAsoftware across nul ti pl e systens. Systens pro-
grammer s who pl an for and perf ormMWS ESAsystens i nstal | ation, service,
upgr ades, and sof tware i nvent ory nanagenent can benefit fromusingthis
product .
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AdSt ar Di stributed Storage Manager (ADSM for MVS, Version 2.

(5655-119)

ADBMi s aclient/server storage nanagenent product that provi des adnini s-
trator controll ed, highly autonated, central |y schedul ed, network-based
backup and ar chi ve functions for workstati ons and LANfil e servers. It backs
up data fromclients running on G5 2, NetVére, Wndows, DC5 Mci nt osh,
and several UN Xplatforns. Newclients added in \ersion 2, Releasel
i ncl ude | BM(penEdi ti on M/S Mcrosoft Wndows NT, S 1icon G aphics
IRX NECBEVWG-UXV, and S enens N xdorf SN XR SC ADSMal so pro-
Vi des a backup agent for Lot us Not es dat abase backup and recovery.

ADBMprovi des functionsinilar tothat providedby the DataFacility
S or age Managenent Subsyst et M/S (DFSVE M/S), descri bed | ater, but
for adifferent environnent. Wereas OFSVE M/S nanages traditional MS
user data, ADBMprovi des storage nanagenent capability for Quenkdition
MSusers as wel | as user dataonaother platforns, including paicy nanage-
nent for backups, archives, and HBVInigrati on.

The Herarchical Fle System(HS was introduced i n QpenEdi tion
M/S (di scussed i n hapter 5). Fromt he M/S perspective, HSisasing e
data set for whi ch OFSVE M/S can nanage pol i ci es wi t hout bei ng avar e of
theinterna structure. Fromthe Qpenkdi tionapplication' s perspective, how
ever, HSconpri ses mul tipl e i ndivi dual PCH X-conpliant fil es for which
ADMprovides filed evel granularity of backup and archi ve.

ACEMM/STrepository data (such as control dat a and backup/ ar chi ve
data) can coexi st with DFSME M/Sdata, sincethe ADSMM/Sdatais
storedinordinary VSAMI i near data sets. Li kew se, ADBMM/S dat a set
pl acenent and al | ocati on can be control | ed by OFSVE Many of t hese dat a
setsarecontinual ly left opensothey wll not be mgrated by OFSVBhsm
(d scussed | ater).

ADBMIVersi on 2, Rel ease 1 provi des several newfeatures. It now
i ncl udes an opti onal H erarchi cal S orage Minagenent (HSV) function (re-
ferredto as the Space Minagenent feature) for the Al Xclient platform
providingautonati c mgrate andrecal | support for oca fil esystens. B+
hancenent s t o t he ADBMserver for of f-site backup and server recovery
support busi ness d saster recovery pl anni ng. Adnni strat or usahi ity enhance-
nent s i ncl ude an i nproved general i zed user i nterface and an aut onat ed sched-
uling capability for ACBMclient and server conmands.

The HBVIsupport for A Xnmigrates rarel y accessed files tothe ADGM
server storagewileretainingontheloca client filesystensthefiles nost
frequently used. Based onsize and|l ast reference date, users cantailor the
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criteriafor mgratingfilesto ABMiserver storage. Vilenamgratedfileis

| at er accessed, HoVitransparently recallsthe mgrated file. The HBVisup-

port isintegratedwththe ADBVIbackup-archi ve function. If anmgrated
fileis backed up or archived, the ADBMserver copiesthefilefromHav
storagewthout theneedtorecd | themgratedfil e

Server dat abase backup and recovery i s a conprehensi ve sol ution for
recovering the ACBMIdat abase shouldapart or all of it belaost. The backup
canbeful or, after aninitia ful backup, increnenta . Wthanincrenentd
backup, only those dat abase pages changed si nce the | ast backup ar e recov-
ered, greatly reduci ng backup tine. S mlar functi onand capabilityispro
vi ded for storage pool backup and recovery.

For Lot us Notes, the backup agent enabl es you t o back up onl y t hose
portions of adatabase that have changed sincethel ast increnental backup,
rest ore sel ect ed docunent s froma dat abase, rest ore docunents that have
been del eted but not yet purged, restore acopy of anentire dat abase, and
ner ge backup copi es of docunents i nto a dat abase filerestoredthroughthe
ADEMcl i ent. The ADBMCH 2 backup- ar chi ve client and t he ADSMLot us
Not es backup agent can run si nul t aneousl y on t he sane wor kst ati on, conpl e-
nenti ng each other. The G882 client, for exanpl e, can back up or archi ve an
entire dat abase but not i ndividual portions of it. The ADBMLOt us Not es
backup agent can back up and restore snal | er pi eces of data (notes) but
lacks archivingcape li ti es.

ADSMf or M/S supports open st andar ds and provi des support for
i nteroperability between Systent390, 52, and A Xrunningonthe R C
Syst et 6000 and wor kst ation pl atforns. 1n support of an open busi ness
envi ronnent, ADBMsupports TR | Pconnectivity; providesinteroperability
bet ween nul ti pl e LANand wor kst ati on envi ronnent s, i ncl udi ng H> UX
SPARD Sol aris, ALX, SOOWN X 386, AT&T G obal | nfornation Systens
WIN X Senens Nxdorf SNX Dgital LTRX NECUWN X and Slicon
Gaphics IR X and provi des an open ARl so that applications can store
dat a on t he ADBMfor M/S server.

IBVihas stateditsintentions to provi dethe newfunctions avail abl e
wth ADBMfor MS\ersion 2, Rel ease 1 servers for al | of the ADBMser v-
ersinthe ADBMfanily of products. Thisw |l begi nwth ADBMfor W
IBMal sohas stateditsintenti onto devel op HiMclients (workstati ons and
fileservers) for AXWersion4, (82 H2UX and Sun Mcrosyst ens unCs
andSoarisplatforns. It will devel opinteroperability and conmuni cation
feat ures anong ADBMservers and w | | i npl enent | BMI's Qpen B uepri nt
securityservicesfor singesigronasvel | asd rectory servi ces. | Bvi ntends
t o devel op enhanced nanagenent features to ADBMthat will al |l owthe
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sharing of tapeand optica devicesandlibrarieswthather applicationsin
an Al Xenvi ronnent and t o devel op perf or nance and operati onal enhance-
nent s to ADBMt o provi de for nanagenent of datain RY 6000 conputi ng
clustersand 2 highly paral | el operating ervi ronnents.

Busi nesses t hat have ADBMI nstal | ed and operati ng under MS W)
or VSE can benefit froma newservi ce announced by | BM Begi nningin
My 1995, the | BMSof t ware Support Genter provi des instal | ati on and us-
age t el ephone support at no charge for up to 60 days. The support period
beg nswththefirst cal fromyour erterpriselocation site, or centralized
hel pdesk tothe Support Genter. Gnmercia state, loca, or federal govern
nent or educati oncustoners canparticipateinthisoffering, althoughit is
i ntended prinarily for newusers of ADSV

Data Facility Storage Managenment Subsystem (DFSMS/ WS) Version 1,
Rel ease 3 (5695- DF1)

OFSVE MSi s the basi s for systemnanaged storage. |t autonates the stor-
age- nanagenent processes regui redt o hand e physi cal | ocati on, data pl ace-
nent, perfornance, availability, space nanagenent, and security.
CFVE M/S separates the | ogi cal vi ewof datafromits physical storage

| ocati onand har dvare characteristics, provid ngfor faster install ati on of
newst orage products, efficient ngrati onof data, and preservati onof exist-
ingapplicationand datainvestnents. OFSVE M/Si s a corequi si t e product
wthMS SPandis conposed of four functional conponents (see Hgure7.9):

- DFR\BIfp (datafacilities product) nanages activedata It provi des
for storage peripheral s support sinilar towhat the BXOP provi des
for processors—that is, device support, error recovery, program
nanagenent , catal og processi ng, data access nethods, and utilities.

- [DFSVEhsm (hi erarchi cal storage nanagenent) aut onati cal |y nan-
ages i nactive dat a and provi des ef fi ci ent dat a backup and recovery
pr ocedur es.

- [FSVBEdss (dataset services) i s ahigh-speed datanover that ni-
grates datasetstonewyinstal | ed DAS> or converts datasetsto
syst em nanaged st or age. DFSVBdss al so support s hi gh- speed
backup and recovery and handl es dat a set or vol une dunps.
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Figure 7.9. Mjor WS ESA operati ng syst emconponent s.

- DFSMBrmm (renovabl e nedi a nanagenent) nanages renovabl e
nedi a o and of f-site, and control s data set expirati onand nedi a
resse

DFSVE MJS nanages dat a novenent anong a range of on-1i ne per-
f or nance/ capaci ty devi ces and nanages nigrati on of datato or fromtape
or optical storage. It autonates the space nanagenent process to bal ance
space utilizationacross storage vol unes; it nanages t he 3495 and 3494 Tape
Library Dt aservers and nanual |y contrd ledlibraries; it hel ps|ocat et apes,
det er nine whi ch t apes have expi red data set's, and nakes these t apes avai | -
ablefor reuse; andit aut onates the process of nanagi ngi ndi vi dual datasets
or entirevol unes by utilizingdataset backup and recovery routi nes, based
ontherequi renents of each appli cation.

The conbi nati on of DFSMY M/S and t he ext ended f uncti ons of t he
3990 Sorage Gontrol and DASDal | ows t he maki ng of backups or copi es of
datasetswileusers continuetoreadandwitethei r data. Viden OFSVE MS
nanages sequentia files, it astonaticallyincreases appl i cati on perfornance
by dividi ng dat ai nt o seperat e segnent s and si nul taneousl y witingthis data
tomitipledrives, afuxctioncaled“datastriping’ (d scussedinCepter 4)
that can i nprove perfornance as nuch as four tines.

Security wthin OFSVE MSi s autonat ed and refl ect s functi onal dif-
ferencesrequiredby different users, applications, addatasets. It supports
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nanagenent pol i ci es establ i shed and nai ntai ned for each dat a set and coor -
di nat es dat a set access rights wth speci fi ed nanagenent pd i cy.

Rel ease 3 of DFSVE M/S enhances nany aspect s of st or age nanage-
nent. Installationandnai ntenanceare sinplifiedthroughintegratingstor-
age and programnanagenent functi ons. DFSVE M/S enhances t he paral | el
syspl ex envi ronnent by renovi ng constrai nts on dat a set si ze and vi rtual
storage defined unit control bl ocks (UBs). DFSvVEhsmnowsupports up to
100 backup versi ons of each dat a set, and recovery of data sets nowal | ows
aninstalationtorunupto 64 tasks concurrently.

The Mrtual Sorage Access Method (VSAN functions in DFSMBare
al so enhanced. VSAMRecord Level Sharing (RS expl oits the | ocki ng and
dat a cachi ng functions of the couplingfacilitytoprovi de a newneans of
accessi ng sone VSAMdat a sets. (VSAMRLS does not appl y to | M5 dat a-
bases that are storedin VSAMor (BAMdat a sets.) VSAMRLS i ntroduces a
newVSAMIdat a-set attributethat decl ares adataset either recoverabl e (it
can be opened for out put only i n LS access node by A CS or nonr ecover -
able. Rcoverableneansthat GCSHIe@ntrd provi des | oggi ng-based trans-
action recovery across sharing transacti ons. Wil e VGAMR.Sal | ows onl y
ACStoOENdata sets for output, nultipl e batch jobs can concurrently
reedthedataset wileit isbe ngupdatedby the sharing G CStransacti on.
Wileinthis dataset shari ng node for batchjobs, VGAMR.Sprovi des ful |
readineyity.

VSAMR.Sful | read/wite sharing of nonrecoverabl e data set's across
ACSandor batchjobsisachievedby al l owngnultipledCSApplication
Onni ng Regi ons (ACRS) to have concurrent access to the sane VSAMfil e
wthlockingat therecordlevel. If aQCARor the processor of the @GS
ARhas aproblem other ACSAXRs inthe paral | el syspl ex can conti nue
accessi ng the VSAMIfi | es.

IBMhas stateditsintentionto enhance  CS ESAt o provi de VSAM
dat a shari ng between A CSregi ons, whi ch i ncl udes shari ng bet ween nul -
tiple @CSsystens. Further paral | el syspl ex support w il provi de sharing
tenporary st orage dat a sets between A CSsystens i nthe sane or different
M/Sinages. | BMal so i ntends to conti nue devel opi ng t he | BMNet wor k
Fle System(N-S feature of OFSVE M/Sto provi de NFSclient support,
enabl i ng MiISto access dataondifferent platforns that support Sun NFS
protoca sinthe TG I Pnetvork environnent. It wil a so provi dethe capa
bility for certain MSapplicationswittento BSAV (BAM and VSAM
EXS access net hods to al | owaccess tofil es associ at ed w t h QpenEdi ti on
M/S and dat a on renot e syst ens supporti ng Sun NFSprotocol s. | BMw | |
al so provi de an enhanced ver si on of OFSVBEdss standal one restoretoim
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prove usabi ity by reduci ngtherestricti ons on consol e coomand i nput and
by alowngmitiplerestoreswthout aninterveninglnitia P ogramLoad
(IAY). Devicesupport wll be enhanced a sotoincl ude use of the Tape L -
brary Data Server bothfor | FLand i nput and use of DADfor 1L

Data Facil ity S orage Managenent Subsyst et VM(DFSME'W as-
sists youw th nanagi ng storage i n MWlenvi ronnents. It isafeature of the
VW ESA oper ati ng system DFSME MWworks with the Shared FH | e System
(S5 totransl ate your busi ness storage nanagenent pol i ci es into system
nanagenent practices. DFSVE WIi nt roduces t he concept of space nan-
agenent for SFS Space nanagenenti ncl udes nigration, recal |, and expira-
tin

CFSVE WIr educes your st orage costs by usi ng st orage nore ef fi -
ciently, by autonatical | y nanagi ng space avai | abi lity, and by reduci ngthe
I 'abor requiredtonanage storage. It i nproves the productivity of your staff
by performng nany of the nanual storage nanagenent tasks they previ-
ousl y perforned. OFSVE Wpr ovi des tape support for nigrated data (n-
gaionleve 2) andnativesupport for the 3495 Tape Li brary Ceta Server; it
al so supports the 3995 (ptical Library Data Server Mdel 151 for mgra-
tionled 1

CFSVE WIcan i nprove the tine you need toinstal | a newDASD by
novi ng Widat a t o t he new DASD 50 per cent faster than ot her VMdat a
nmgrationtood s. It nakes nore ef fecti ve use of hi gh- perfornance DAS by
nmgratinginfrequent!ly accessed files tol ower-perfornance, | ower-cost
DA, andit canprovide autonaticrecall of mgrated data

“Open Business” Policy—Protecting Your Assets

Acl osed busi nessis not aproducti ve busi ness, but of al thereasons far being
cl osed, perhaps the hardest to conprehendintoday’ s conputing envi ron-
nent is beingclosedduetolack of data A open busi ness can neet revenue
o servicetargets. It livestoseeanother day. The cl osed busi ness nat onl'y
standstolosethat day’ s revenue but al sotol ose goodw | 1, newcust oners,
and perhapsitsfuture grovth capability. Being “open” i ntoday’ s busi ness
envi ronnent i s nore than atechnol ogy statenent; it i s arequirenent for
busi ness continuity and grovt h. *

*Informationinthis sectionis adapted fromThe Qi pper Goup Navi gator bul letin, witten by the
author, titled “Low Qost I nsurance for H gh-Val ue Data,” dated Gctober 17, 1994. It is used with
permssi on of The Qi pper Goup, | nc.
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Toachi evethose godl s, busi ness executi ves exert great effort toassure
bot h cont i nuous busi ness operati ons and speedy recovery when afailure
occurs. This has been afundanental charter of processes and operati ons on
bot hthe producti onand the i nfornati on systens (19 si des of the busi ness.
Failures oneither side canbedisruptive, a anmninum or disastrousto
busi ness survival inthe extrene.

Mist busi nesses that have anidentifiabl e | Sorgani zati on gi ve t hat
group acharter wththe tw goal s of keepi ng t he busi ness open and of
ensuri ng that peopl e and processes operate efficiently (stay productive). Be-
cause these goal s night nat be prioritized (and perhaps because sone goal s
areessier toachieve), | Sorgani zati ons oftenfocus onopti nizi ng ef fi ci ency
and productivity (and l overing costs). Thisisreflectedinonel Snanager’ s
observationthat “Vested free space (on st orage devi ces) i s the nunier one
eneny of anyone in data processing. It i sthe nunier one eneny because it
wast es nore noney than either youor | couldinagine.” It isnot hardto
inagi nethis nanager’ s list of priorities addressi ng data conpressi on, data
conpact i ng, space recovery procedures, and st orage nanagenent pr ocesses.

The producti on si de of the business (thet is, theend-usersside), re
flectsaverydfferent concernfromhat of savinglSdad | ars by savi ng spece.
Rather, it is savingbusi ness tine and expense, i hprovi ng busi ness process
flow and enhanci ng perfornance and profitability. Toachievethis, users
requi re access to data when and where they needit. An I Sorgani zation
sensi ti vetothese busi ness needs wl |l focus attenti ononfunctions such as
dat abackup andrestore, dataarchiving, d saster recovery, andfaut-tder-
ant and conti nuous operati ons.

Athough baththe | Sand producti onstrategi es are rel evant to busi -
ness needs, they wll nost |ikely beassignedd fferent priorities. Innost
cases, astrategy for effective use of storage spacew || presupposethat a
strategy for effectively preservi ngdatad ready exi sts.

(e area i n whi ch bot h busi ness or gani zat i ons nust cone t o agree-
nent isthat of ensuringthat i nfornati on storedonthe conputer i s seen
only by those authori zedtoseeit. Ensuringthat pdiciesfor access cotrd
andfor defininglevel s of confidentiaityexist nay beanlSresponsibility.
Bswingthat thepdiciesarefdlonediseveryone sresponsibility.

Data Preservation Options

Inlookingat thetota conputing system every conponent (the processor,
the netvork, andthe softvare) provi des apossibl esorced dataloss. Inthis



420

EXPLORING I BM' S NEW AGE MAI NFRAMES

section, wefocus only onthose sd uti ons speci fictostorage devices. Qher
har dwar e and sof t war e dat a preservat i on opti ons (such as encrypti on and
conponent redundancy and functions for ensuring dataintegrity) have been
discussedinearlier chapters. Qe crucia observation beforewe begin: You
need t o under st and what any sol uti on does for your speci fi ¢ busi ness—what
it neans for your applications, your processes, andutinately for your bot-
tomline! This arearequires clear conmuni cation and cl ose part ner shi p be-
tweenthe process andthe | Ssi des of the busi ness.

There evant topics for quick expl orati onincl ude

e Backupandrestore
e Achiving

e Dsaster recovery

Backup and Restore

Inasinpleyet fundanental form our dailylivesarefilledwth backup
processes. V& use alarge vari ety of techni ques to back up our nenori es—
neno pads, stick-ups ontherefrigerator, address and t el ephone not ebooks.
Mechani cal procedures for “backup” i ncl ude phot ocopi es i nour of fi ces,
flashligntsinour cars, and perhaps, cand esinour honestoback up e ectri -
cal systensinan energency. Grmon characteristics of theseandothersis
that they arerequiredonshort notice, areusedfor brief periods at atine,
andcreate anxi ety and frustrationif they are absent wen needed.

Backi ng up data f or busi ness use shares t he sane charact eri sti cs and
adds nore. Because dat a nust be avai | abl e qui ckly wheniit i s needed and
because it nust be adaptabl e to frequent change, restoring data can be as
critica as having a backup system Because nat d | busi ness datacarriesthe
sane | evel of inportance, beingabletodifferentiatethe dataand provi de
theappropriaeleve of backupisasoinportant. If preservingthestate of
dat a bot h bef ore and af t er changes occur isinportant, techni ques nore so-
phi sti cat ed t han si npl e backup nay be needed. I nassessingthelevel of data
backup you need, these questi ons shoul d be expl or ed:

« Wiat isthenature of the data? “Roduction” data (inthe broadest
sense, datathat noves the dai |y busi ness f orvard) nay require nore
stringent procedures than“tenporary work fil e’ data
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- Hwfrequent!y shoul d dat a be backed up (every 10 mnut es, hour,
or day, for exanpl €)? Shoul d backup be linmitedto eachtinethe

datais changed?

- Howl ong shoul d we ret ai n backup dat a? Do we recycl e backup
st or age space every fewhours (each shift, for exanpl €), a the end
of each day, every fewdays? Do we keep dat a accessi bl e on-1i ne or
noveit off-1inetorenote storage?

Thislast areaintroduces questi ons about thel ong-termva ue of data
Each busi ness needs a pol i cy that defines thetypes of datait nust keep
secured andthe speci fic periods for dataretention.

Ar chi vi ng

The concept of “storage hi erarchy” sounds techni cal and conplicated. In
fact, our hones are good exanpl es of this concept. Ve use cl asets, filing
cabi nets, desks, anddresserstostorefrequently useditens that we are not
overly concernedwth | osi ng. Qi ck and conveni ent accessisthekeytothis
storage | ocati on. For seasond or less oftenuseditens (andagainwthlim
itedor easilyrep aceah eval ue), we doftenl ook tothe garage, the basenert,
o thedticfa storage

For i nfrequently used val uabl eswithhighlegad or persond val ue, how
ever, vefinda ternative storage sa utions. Sone bui ldvaults securel yinto
thei r hones. Miny nove i tens of f-site to a saf e-deposit box; soneitens,
suchaswlls, areduplicatedand | eft wthlawers or perhaps wthfamly
nenfoer s. Because not even these areas are the nost secure and of ten are not
i nsured agai nst personal 1 oss, irreplaceabl eitens are placedinvaul ts de-
si gned for naxi numsecurity where they are i nsured agai nst | oss. These can
be | eased f rombanks and ot her conpani es. Technol ogy enabl es t he sane
hi erarchi cal approachto data st orage.

Archivingrefersto procedures for securing over along period data
that isinfrequently needed yet val uable. Byinplication, thisdatawll be
storedinapl ace were | ack of access does not interferewth day-to-day
operations, that provides|evel s of security appropriatetothenature of the
data, andthat supports anedi umthat isinexpensivetonaintain.

Thi s drives akey dbj ective df archiving+ofreespaceonfaster (nare
expensi ve) storage ned afor datathat isneededfor current operations. Qher
forcesinfluencingthe needtoarchivearelega requirenents (to preserve
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corporate, personnel, and contractual dataof historica val ue) and“pru
dent” needs (preserving corporate history, providingabasefor dataana y-
sis, adcregtingarecarddf critica businesstransacti ons, for exanpl €). The
anount and type of archivingisdrivenby anacceptabl eratioof storage cost
tonaxi numtinerequiredtoretri evethe data

Theabilitytoretrievethisdatainfluenceswereit iskept, thefornat
inwhichit iskept, the storage nedium andthe vol une of datatoretain.
npani es are knownto storedatainits origina forminwarehouses, in
under ground nines, andinlocked vaults. |nprovenents intechnol ogy now
enabl eustostoremuch of thisdatainel ectronicform reduci ngboththe
vol une and expense of storagevhilesignificantlyinprovingtheretrieva
or ocess.

Di saster Recovery

“Dsaster” isapowerful word. It createsinagesinour ninds of shocking,
unanti ci pat ed ener genci es of the hi ghest order. The frequency w th whi ch
we have wtnessed these i nrecent years does not change the i npact each has
wenit occurs. Dsasterscanresut fromcare ess or acci dental actionswthin
the busi ness and sonet i nes fromdel i berat e efforts to vandal i ze or even sabo-
tage operations. Mst often, however, true di sasters occur fromuncontrol -
| abl e events external tothe busi ness—sone of natural causes (Hurricane
Andrew for exanpl €) and ot hers nan- nade (the Vérl d Trade Gent er bonfo-
ing, for exanpl €). Ineachof theseinstances, the heal th, and soneti nes the
survival, of a busi ness depends on t he speed w t h whi ch recovery can be
i npl enent ed.

Busi nesses such as Gndi sco, HO5 Ander sen nsul ting, and | BVIs
Busi ness Recovery Servi ces benefit by neeting busi nesses’ needs wthinthe
recovery servi ces narket, estinatedtobeinthe$1hillionrange annual ly.
Though E35i s proposi ng a“nobi | e recovery service’ that wll travel tothe
di saster siteand set up renot e conmoni cati ons, nest busi ness recovery ven
dor s provi de of fi ce space and equi pnent at anal ternati vel ocati on reserved
specifica lyfor thispurpose. Feesfor provid ngthi s space canrangetove |
over $100, 000 per year, just toreta nvendor services, and are suppl enent ed
wthadailycost that canrunintothousands of additional dollarstousethe
fadlitydringthed sasteritsdf.

Vi ghed agai nst the grovth or survival of the business, thiscanbea
snal | investnent. Recent i ndustry studi es showt hat banki ng firns that | ose
datafor aslittleas 2days, comercia firnsthat | osebusi nessfar 3.5 days,
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andindustria firnsandinsurancefirnsthat |osedatafor 5to5. 5 days
suffer a25 percent rate of i nmedi at e bankrupt cy. Forty percent were bank-
rupt wthin2years, anda nost a | were bankrupt after 5years.

Asinpersond life insurancetheat isaffordad e by soneis nat neces-
sarily affordabl e by a |. Many busi nesses operat e dai | y ont he assunpti on
(conscious or nat) thet ad saster will nat strikethem Thisis dftendrivenhby
ashortsi ghted cost - benefit anal ysisthat definestactical producti onas nore
cuid thenstrategcsurvivd .

Ensuring Real - Ti ne Dat a Recovery

Many of the product s di scussed under SystenM ewearlier inthis chapter as
vel | as hardvar e and sof t var e product s di scussedinearlier chapters con
tributebathtoincreasingreiability (failweprevention) andtorapiddata
and syst emrecovery fromfai | ures. Two recent products froml BMicontri b-
utespecificallytodisaster recovery scenari os. Both are provi dedt hrough
I BM's 3990 Mdel 6 Sorage Gontrol’ s Renot e Gopy Servi ces as st andar d
furcti os.
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Peer -t 0- Peer Renot e Copy ( PPRC). PPRC provi des support for busi nesses

thet requiredataat thebeckupsitetobeidentica todataa theprinarysite
(synchronous copy), that have their recovery site wthi n ESGON channel
distance (upto 43 knm), and that can accept sone degradati on of DASD
response tine. To providethis service, theprinary 3990-6 Gntrol ler at
your productionsiteis |inkedthrough ESCNchannel s to secondary units
at your recovery site. Innornal operation, theprinary unit al | ows an up-
datel/Otoconpl eteonlywenthedataisa sostoredinthe secondary unit.
Thisensuresthat bothcopiesareidentical .

Inred dsasters, it israrethat every conponent of thesystemfail s at
once. Data vol unes shut down over a period of seconds or even ninut es.
Thechd lengeduringthisperiodistonaintaindataintegrity by identifying
whi ch secondary vol unes areinsyncwththe prinari es and vhi ch are not.

PPRC addr esses thi s probl emvi a two net hods. Wt h one opti on, vol -
unes narked “critical ” cannot be updat ed unl ess t he secondary vol une i s
updat ed. The second opti on appl i es a syst emerror recovery procedure (ERP
that 1ogs error i nfornationand copy vol une stat us i nf ornat i on bef ore send-
i ng conpl etionstatus backtothe processor. If necessary, acopy of thislog
canbeconfiguredat therenatesite, providingcontinuousinfornationasto
whi ch vol unes ar e i n sync and whi ch are not.
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Ext ended Renot e Copy (XRC). XRCal so nmai nt ai ns dupl i cat e copi es at
| ocati ons separ at ed by ESGNdi st ances (up to 43 km) but does so asyn-
chronousl y (tine | apses between updates at the two sites). Viien t eaned
w t h Gonput er Networ k Technol ogy (ONT) Cor poration”s CHANNH i nk
systens, XRCsupports duplicate copies at | ocations anywhereinthe worl d
connect ed by channel ext enders and t el econmani cationslines. Thisfacility
provi des to busi nesses the hi ghest | evel of applicationperfornanceat their
prinary sitewhile supportingasecondary siteat agreat di stance and ac-
ceptingdataat therenote site afewseconds toafewnnutes behindthe
dataat theprinary site. Renote site control | ers can be Mdel s 3990- 3,
3990-6, or 9391

Wsing IBMs Data Facility Storage Management Subsystem
(CFSVE MS), discussed earlier inthis chapter, XRCprovi des hi gh data
integrity, aguality essentia for full recovery fromadi saster. CFVE MS
i ncl udes a Syst embat a Mwver (SN functionthat scans cacheinall of the
control units associ at ed wth a sessi on. Vien a server appl i cati on updat es
dataontheloca vol unes onthe IBVI3990 Gontrol I er, acopy of that datais
kept i nthe cache. Wen scanni ng the cache, the S&Mwrites t he updat ed
datatothecontrd unitsat therecoverysite Toensuredataintegity, the
I Mnakes updat es at the renote site appear i nexactly the sane order as
dataa theprinary site, avad ngthepossibility of datacorrupti on.

Because XRCi s a ful |y asynchronous sol uti on, inwhich the second
process runs i ndependent |y of thefirst, it avoidswiteoperati onbattl enecks
createdwhentrafficisheavy. Aso, duringtherecovery processfalownga
di saster, XRCidentifiesany datavo unes at the secondary sitethat are out
of syncwththeir correspondi ngvol unes at the prinary site. Another ben-
efit of the RCfunctionisitsabilitytosupport applicationswiledatais
nigrat ed fromol d t o newst or age product s i n t he background, without caus-
inganaor disruptiontosystemoperations. iy abrief interrupt isre
quiredtoredirect appicationstothe newdevi ce address.

Access Control Options

Ml ti vendor envi ronnents, expandi ng network connectivity, and public
netvorks, suchasthelnternet, significantlyincreaseaccessibilitytoyour

busi ness conputi g asset's, particu arlytoyour busi ness data Ufortunatdy,

unaut hori zed access t 0 your conputi ng systens i s abi gger threat today than
ever before. Inthe busi ness eradf the 1990s, contrd |ing access toyowr com

puter i s only abegi nning. Accessto RG, LANs, workstations, and gl obal

networ ks a so nust be control | ed.
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Fromconcept to production, your businessisincreasingly online.
Your netvorks link youtoinfornationsources andtoproductionfacilities.
You nust be abl etoauthenti cate users to your systemand t he syst emnust
be abletoauthenticateits users. Qustoners accessi ng systens nust know
that theserversarereal andnat inpostors, andthe dataand prograns they
access nust be denonstrabl y rel i abl e and unnodi fi ed by unaut hori zed par -
ties. npetitiveadvantageinthe 1990s wil gotothebusinessthat delivers
the nost cost-effective servi ce vhi | e ensuri ng secure transacti ons and con
trdledaccesstoprivateinfornati on.

Ghal | enges t o dat a access securi ty have becone nore sophi sticatedin
today’ s busi ness envi ronnent. Today’ s users are nore sophi sti cated, and
whet her you planned for it or not, your busi ness depends on i nfornation
sourced fromnol tipl e vendors. Threatstothe privacy, integrity, andavail -
abilityof your i nfornationsystens exi stsfrombothinterna and externd
sources andinboth central i zed and di stribut ed envi ronnents. It isquite
likedythat terrorisminthelate 1990s, and noresointhetventy-first cen
tury, wll focus onthreats of i nfornation nani pul ation, outright destruc-
tion, theft addmsuse, or dterationandfd sification

Dot a access control isbothatechni cal and a nanagenent chal | enge.
Fndingtheright degree of protectionw thout i nposing constraints that
i nhi bit busi ness grovt h requi res caref ull y exanini ng your busi ness needs
and devel opi ng an appropriate security policy. Not all infornationassets
are equa |y val uabl e or equal |y exposed. Degrees of sensitivity can be nea-
sured by the effect that theloss, exposure, or nodification (corruption) of
thedataw! | have onyour business. Catarequiringthe nest stringent |evel's
of access control arethosethat have aninmedi at e negati ve ef fect on your
busi ness i f they are vi ened or changed by an unaut hori zed neans, datat hat
cause | egal probl ens for your conpany i f vi ened or changed by an unaut ho-
rized neans, anddatathet requiretheir aignor authenticitytobeverified
Whhout aneffectivesecurity pdicyandastrategy that addresses these data
types, your busi ness night be at noreriskthanyoureaize.

Securing Data in a Di stributed Environment

Inadstributedenvironnent, thisthreat isanplified, asasing e unautho
rized event canhavefar-reachinginplications. Rossibethrestsinthisenvi-
ronnent i ncl ude

e Mrusesthat infest unsuspecting prograns and sel f-propagateina
dfficut-to-detect namer.
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e Pograns (worns) that replicatethensel vestodestroy dataor to
take contro of systemresources.

« Msqueradersthat take contro of aworkstati onby fakingtheiden
tificationof atrusteduser or network server. These can propaget e
inanenviroment weretrust i s basedonidentificationrather than
autherticaion

- Adanagi ng pi ece of code (Trgj an horse) that executes i nsi de a use-
ful programwhen t he progr amexecut es.

« Lapsesinyour security system(back doors) that all ow"“hackers” to
alter security prograns, enabl i ng unaLt hori zed access to your pro-
grans and dat a.

e Inconsistent security control sthat all owthe sane datatoexi st on
nil tiplesystenswthdifferent | evel s of access contra, alowng
access by i ndi vi dual s nat authori zed for t hose resour ces.

Typical distributed systens span i tipl e donai ns, each requi ring se-
curity consi derati ons. The hardwar e donai n cover s t he physi cal conponent s
of asingl esystem the operating systemdonai n covers resources on t hat
si ngl e standal one system The net wor k donai n cover s t he net wor k agai nst
unaut hori zed use t hrough feat ures such as | i nk encryption (to protect ca-
bl i ng agai nst passi ve w ret appi ng) and gat evay aut henti cati on (to protect
agai nst i ntroduction of unaut hori zed packets of i nfornation). The network
operati ng systemdonai nprotects di stributed resources, incl udi ng caches on
various nachi nes as wel | as server disks. The appli cation donai n protects
resources under thedirect contrd of anapplication

Because fewdi st ri but ed syst ens ar e honogeneous across a | of these
donai ns, the security procedures of each donai narelikelyto have been
desi gned i ndependent |y, creatingincreased gpportunity for security breaches.
Thiscanresult inattacks at the seans bet ween t he security donai ns, nisuse
of nultipleidentitiesandpasswords requiredby thedifferent procedures,
andinconsistent audit logswthdfferent fornats andinterfaces.

To neet the chal | enges of these potentia security exposures, an ad
equat e busi ness sal uti on nust address arange of concerns. Users nust have
accesstoa | authorizedresources throughasi ngle sigronthat authenti cates
themoncetoal | rel evant donai ns. Vien users aut henti cat e t hensel ves to
the network, encrypt ed passwords, one-tine passwords, or “pass t okens”
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wll reducetherisksincurredwth passwordsinclear text. Varkstation
security requires deal ingwth physica issuesthat result fromlocationin
publ i c pl aces wth portabl e dat a and appl i cati ons. Security polici es nust
address theregistration and enrol | nent of users and t he nanagenent of
prograns, deta, andsecurityinfornati on, suchas encrypti o decrypti on keys.

Wth the advent of public networks, appropriate protectionfor network
gat enays i s requi red bef ore your busi ness can t ake advant age of el ectronic
commer ce. These networks, as wel | as di skettes and ot her nedi a i nt r oduced
fromout si de t he busi ness and by unscr upul ous enpl oyees, can be t he source
of viruses, worns, and ot her sel f-propagati ng destructive code. Rrotecting
assetsfromthese agentsisessetia. Fndly, ensuringthat your systemcan
prevent ci rcunventionof security, providingasingl eauditingfunctionfor
noni toringand reporti ng security events, and securi ng the ends of your net-

workaswel | asall pointsinbetween conpl etes your tota security sd ution.

Bui | di ng Your Total Security Sol ution

| BMI's Syst enf390 security strategy provi des end-to-end security for appli -
cations and i nfornation across mil tipl e hardware and software pl at f orns
and networks. It has evol ved froma central i zed vi ewof enterpri se conput -
ingtoadistributed nodel of enterpri se-w de conputing. Security services
areprovidedfor eachlocal strategic systemplatform al | ow ngyour busi -
nesstheflexibility of noltipl eoperatingenvironnents. C84 DE (di scussed
inCapter 5 providesthestrategi carchitecturefor securing opend strib-
ut ed envi ronnent s. DCE provi des security services that support distributed
appl i cations and enabl e i nteroperability and portability across di verse
platforns. The Quen B ueprint (di scussedin Chapter 5) is|BVIs software
devel opnent structurefor open, distributed systens conputing. Al of the
conponent s i nthe Qpen B ueprint that provi de servi ces expl oi t D= based
d stributed security servi ces, wi ch conpl enent thel ocal security servi ces.
Avariety of products contributetothe Systeni390 security sd ution.
(The Integrated Gyptographic Feature (I G¥F) for encryptingtransmtted
dat a vas di scussed i n Chapter 3.) The Resour ce Access Gontrol Facility
(RXF) providesidentification, authentication, access control, and audit
functions for the M/Ssystemenvi ronnent. The Network Security Product
(NetSP) is1BVIs product for nanagi ng access to distributed resources on
LANs. Its Secured Logon Goordi nator (SLQ works with RACFto ensure
that passwords donot flowinthe cl ear across the network, andit provi des
asecure signr-onfromvorkstati ons. Its coordinationfunctiondininatesthe
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need for a singl e user to have nore t han one si gn-on and password. Net SP
Secured Netvork Gt evay provides firewal | protectionfor interactionswth
thelnternet. Dstributed Security Manager (D8V) for M/S provi des cen-
traizedsecurity admnistration. DOE asnotedearlier, wll beconeincreas-
ingyinegaedwthother security products, ensuring secure network com
noni cati ons. Thefd | owng secti ons address specific detail sfar sone of these
product s.

Resour ce Access Control Facility (RACF) Version 2, Rel ease 2 for MW/S (5695-
039). \ersion 2 of RAO, announced i n 1994, uses the | atest and nost
pover ful hardware feat ures and softwarefacilities, includingthe para | €
syspl ex coupling facility, QuenEdition MS MSWersion5, and G CS\er-
sion4, toprotect your busi ness conputing operati ons. M/Ssystens soft -
ware and subsystens are cl osely integrated wth RO | n conbi nationwth
ot her product s supporting the | BMsecurity architecture, RAT provi des
every busi ness usi ng t he M/S and Wioper at i ng syst ens a secur e f r ane-
vwork for future gronth. (S nce 1990, RAJ-\ersion 1 wth ot her products
that conprise the Trust ed Gonput i ng Base have been eval uat ed at t he De-
partnent of DefenseB 1l eve of security. InJune 1995, readers of I nf osecurity
News vot ed RAT-t he product they trusted the nost i n providing | BVpl at -
formsecurity.)

RAC- support s several basi c security functions. The RAO-user ID
allows RAO-toidentify users requesting access tothe system The user
password or equi val ent authenti cates that user 1D Qnce the user has been
aut henti cat ed, RAT and t he syst emresour ce nanagers control theinterac-
tion between the user and t he obj ect's for whi ch access i s bei ng at t enpt ed.
These obj ects i ncl ude data set's, nmini di sks, ternmina s, conmands, tape val -
unes, and user-defined objects. RXF-al | ows for central i zed or decentral -
i zed adnmini stration, usinglSF panel s or TSOcomnmands. Aninstallation
canwiteitsowexit routinestodeal wth uni que security needs.

RAT-supports fl exi bl e audi ti ng of access attenpts and nodi fi cati ons
tosecurity contras. Audit reportsarecreatedthrough e ther the Data Secu
rity Monitor (CBMON or the Data Base Lhl oad (DBY utility program
CAVIN al | ows an aut hori zed user to produce reports on the status of an
M/S security envi ronnent. CBUal | ows t he RATF dat abase t 0 be unl oaded
intoarel ational dat abase nanager for standard or ad hoc queries. To audi t
access attenpt s t o secured obj ect's, you can use RAOF Report Witer or the
RACF Syst emManagenent Facility (SMF) Data Wnhl oad utility program
The Report Witer allows youtobuildreports on sel ected SWFrecords. The
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MDatalhload utility allons youtorefornat the audit datafor | oading
intoanduseinare ationa database nanager or report generationtod .

Wen t he RACF Syspl ex Conmmuni cati on option i s enabl ed, RACF
provi des asing einage of security across your syspl ex. RMG-uses the G oss-
systemQupling Facility (XOF) totransmt sel ected admini strative com
nands t o peer RAJ- systens. These conmands can be entered froma singl e
systeminasysplextotake effect onall systensinthe sysplex. Aso, RM(-
syspl ex data sharing uses couplingfacility servicestocachedatainorder to
t ake advant age of hi gh- perf or nance dat a shari ng.

With Secured 9 gn-on, RATJ-supports the passticket, anal ternative
to t he RACF password. Secured S gn-on enabl es t he novi ng of end- user
authenti cati onfromw thin RAJ-to anot her aut henti cati on service. Incon
junctionwth Net S°, Secured S gn-on sol ves t he probl emof RAT- appl i ca-
tionlogonpassvards flowngacross the netvorkinclear text. It a soreduces
t he need t 0 synchr oni ze passwor ds across nul ti pl e RXF-systens withinthe
busi ness.

RAXT\ersion 2, Rel ease 2 adds benefits inthe areas of adnmini stra-
tionand usability. Theseinclude al | ow ng users toi ssue nost TSOcom
nands as operat or conmands, providinganewutility for use when del eting
auser or group | Dfromthe system andi nprovi ng usabi ity of the passti cket
functi on

Asointhisproduct |evel, the RAO-FRenote Sharing Faci lity (RRSD)
allows youtonai ntai nand adnini ster RAG-dat abases that aredistributed
throughout an enterprise. It uses Advanced Programt o- Pr ogr amGonmu-
ni cati ons (APPQ M/ to set up an LU6. 2-based communi cat i ons pi pe be-
tween RXJ- dat abases. Qcethe pipeis establi shed, you can send enterpri se
protectioninfornation, such as password updat es and security codes to
nul ti pl e sites fromone desi gnat ed nai nfrane. Wththese capabilities, RMG-
enabl es you to est abl i sh user | Dassoci ati ons on t he sane node or on renot e
nodes and t o aut onat i cal |y synchroni ze passwor ds bet ween t hese associ -
atedusers. RAOFsupport al sonakes it possiblefor youtoset up hot - backup
sites that | et one RAJ- dat abase t ake over for another i nthe event of a
falue

RACF s Qpenkdi ti on M/S support is enhanced with Version 2, Re-
| ease 2. Basic support allows registrati on of Gpenkdition users and groups
t o t he RXF dat abase and provi des security checki ng and audi ting for the
PCH Xenvironnent. Thiselimnatestheneedfor userstobedefinedtoboth
RAT- and PCH Xregi stries. The newfunctions i ncl ude support for X Qpen
Fortability GiideIssue4 (X3 and support for Sngle N X(1) Specifi-
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cation. These enabl e RAJ-t 0 provi de aut hori zat i on and per nissi on check-
ing for Qpenkdi ti on MSI nt er process Gonmuni cation (I1PQ facilities and
to performaudi ting of newapplication progranming i nterfaces.

| BMpl ans t o enhance RAJF for M/Sto provi de i nt eroperation be-
tween C5F DCE Versi on 1. 1- based security servi ces and RACF on M/S.
RXFw | provide support for Qpenkditi on DEt o enabl e a si ngl e si gn-on
bet ween t he M/Y ESA and DCE envi ronment s for RACF aut hent i cat ed
users. Additionally, RAO-enhancenents wll associate a DEidentitytoa
RAO- user identity, effectively enablingyour Systeni390 t o becone t he OCE
security server andrelievingyour staff of theneedtobuildand adnini ster
nul tipl e nappi ngtabl es. |dentity nappi ng enabl es aut hori zed programf a-
cility (AF) authori zed DCEappl i cati on serversto use R{O~tocontrol ac-
cess to exi sting M/Sresources when the server i s executingon MS | BM
a sointends to enhance RAO-to provi de for autonati c propagati on of RXT
dat abase updat es, bat h by conmands and by appl i cati ons, throughout a busi -
ness erterprise

RACF for WI(RACH W) wi |l be enchanced to support VM ESA' s
Qpenkdi tion PCH Xand Shared Fil e System Thisw il al | owregistrati on of
penkEdi tion PCH Xusers and groups to t he RAJ- dat abase and wi I | pro-
videsecurityfor filesanddrectariesresid nginthe RCH XBte F l e System
R s SaredFle Systenw || provi de security of filesanddirectoriesthat
resideinthe SaredFle System

Di stributed Security Manager for MS (DSM WS) Version 1 (5648-106).
Achallengeintoday' s distributed environnent i s provi di ng uni npeded re-

sour ce access to aut hori zed users whi | e denyi ng t hat access t o unaut hori zed

users. Today' s trenendous diversityinplatforns, fromthe M/Ssystemin
thedatacenter toaserver inadistant departnental LAN requiresnultipl e

adnini strat ors, redundant effort, and gpportunity for error and security vi o

lations. CAMMSIi s designedtoprovide asingletail orabl einterfacet hat

consal i dates security functionwithout conpromsi ngintegrity.

CeM M/S conforns to the | BMIsecurity architecture and supports
systens as diverse as WS, W AY 400, (5 2, and Novel | Net Wre.
M M/S nakes syst emdi versity transparent tothe security adnmini stra-
tor, providngasing einageonthe (B8 2 adnni strator i nterface. Wi ngthat
interface, theadmnistrator, auditor, departnent nanager, or del egat e can
access an aut onat ed admi ni strat i on nechani smon M/ ESAthat uses a
B repositorywthintegrated security and personnel records. Wser | 35 can
be created and updated fromthi s appl i cati on. Catais entered only once, and
theresultsripp ethroughevery rel evant system Just asasingl eentry can
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update the security files of nultipleinterconnected appl i cati ons and sys-
tens, asingleinquiry canprovideanauditor wthafull report onthere
sources avai labletoaparticu ar user. Rrhapsthesing egreatest benefit of
CEMMSi s that security procedures nowcan be st andar di zed and consi s-
tently applied across platforns, departnents, and entire organi zati ons.
Auditability and accountabi | ity can be assured.

CeMMSisadistributedclient/server system Theserver isadcCs
applicationthat runs on MG ESAsystens. It creates and nai ntai ns a DR2
tabl e-based reposi tory of users andthei r access t o busi ness resour ces. Vien
CAMM/Srecei ves arequest for infornati on or changesinauser 1D s ac-
cess clearance, it usestheinfornationintherepository toroutethe request
toall affectedresources and aut onat ed aut hori zati onroutines. If auser’'s
personnel fil e changes to showternination, the user | Bs associ atedwth
that user areautonatica |y di sabl ed and a nessage i s sent tot he nanager .

TheclientisanCE2appicationthat provides agraphica user inter-
face. Throughthis applicationyou assi gnuser | B35, grant access, change
access paranet ers, reset passwords, terninnat e access, and performat her sys-
temadmni stration functi ons.

Eval uati ng Vendor Offerings

As dranat i ¢ as have been t he added f unct i ons and i nproved t echnol ogi es i n
thefiel daof conputing, thechangesinvendor support, services, andpricing
areequal |y dranati c. Wthincreasi ng nuntbers of vendors provi di ng basi c
t echnal ogi es and syst emconponent s, conput i ng har dware i s i ncreasi ngl'y
pricedas acommodi ty. To achieve profit and grovthtargets, nany vendors
are novi ngintothe servi ce and support arena, creating i ncreased conpeti -
tionand reduced pri ces. As vendor consorti afocus on standards, nore ven
dors are novi ngintothe software appl i cati on and oper ati ng syst emdevel -
opnent field. The novenent toward open systens has bot h sti nul at ed and
berefitedfromhi s activity.

Thenet resul't for your businessis anopportunity for gainbothfrom
theincreased functi on and t echnol ogy and fromt he i nprovenent s i n ven-
dor offerings. Bothsides of your busi ness’s cost—benefit anal ysi s nust be
reassessedtorefl ect these newopportunities. Inprior chapters, weexpl ored
technd ogy changes andthe benefitsresul tingfromthem Inthi s section, we
expl ore the cost i nplications and sone of the recent changes nade by | BV
to provi de your busi ness wth cost benefits.
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Cost Justification

Al businesses are the sane i none respect: they thrive by | onering costs.
Mbst busi nesses exi st to nake profit. A though acadenic, gover nnent, and
not-for-profit organi zati ons donot havethe profit notive, they still nust
deci de howtoinvest their limtedfundstobest neet their objectives. In
either case, theonly reasonfor abusinesstobuy aconputer istonakethe
busi ness nore effi ci ent. To achi evethat o ective, the conput er syst emnoist
be cost-j ustified usual |y through a cost-benefit and ysis.

Bvi dence that busi nesses aretaki ng seriously the need for cost-j usti -
fi ed enhancenent s and t hat t hey are benefi ti ng fromt echnol ogy enhance-
nentsisfoundinarecent industry study (conducted by Nol an, Norton &
@., Boston, MY . Inconparing data center spendi ngin 1992-1993 wth
spendi ng i n 19931994, survey resul ts (based on 150 dat a centers at For-
t une 1, 000 conpani es) showthat tota spendi ngwas down 6.3 percent in
1992- 1993 but down 25 percent in 1993-1994. 1n 1994 costs for processors
ver e down 27 percent, for di sk storage down 36 percent, andfor tape stor-
age down 32 percent, and costs for systemsoftware were up 6 percent. In
thi s sane peri od, workl oad i ncreased by 9 percent.

The price you pay tothe conputer vendor isidentifiedearlyinthe
project, but nany anal yses fail toconsider ather costs of owni nga conput er
system Sone costs areal ogica corallarytothe conputer purchase. These
i ncl ude costs tonodi fy facilitiestoacconmodat e the conput er, and com
nuni cati ons costs for i nterconnecti ng renot e workstati ons or other renote
conputers. Facilities costs night i ncl ude runni ng cabl es bet ween wor kst a-
tionsinacanpus ervi ronnent, installingor renovingrai sedfloors, nodi fy-
i ng power servi ces, and enhanci ng ai r conditioni ng. The cost of operating
the conputer install ationafter youbuy it shoul d al so be consi dered over
nol ti pl e years.

@ststoconsi der beyond the pricefor hardware and softvare are | ess
t echnol ogy based and are nore a refl ecti on of your busi ness strategy and
dyj ectives. Fdlowngisashart list of suchcosts.

e Hardware and sof t war e nai nt enancies usual |y a nont hly or an-
nual feethat provi des anextended varranty for the conputer hard
ware or for corrections and updat es t o sof t ware prograns. For
hardvare, therearevarious alternatives for ensuringthat the ser-

vi ce conpany w1 cone out and effect repairs at nochargeif your
conput er syst embr eaks down. |f you choose not to pl ace your com
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put er on a nai nt enance contract, youtypical lywll pay an hourly
feeand parts cost if your systembresks don. Sncethis parts/|abor
bil1ingcanbe extrenal y expensi ve, nast busi nesses choose t he nai n-
t enance contract .

Techni cal supportensures the vendor’ s avai l abil ity t o answer your
guestions andtoresa ve any technical problensineither the hard
ware or sof tware. Sone conpani es charge fees for techni cal sup-
port, but othersincl ude sonelevel of support inthepricedf their
products. The |l evel of support ranges fromprovidi ng atel ephone
nunioer t o havi ng per manent | y assi gned per sonnel fromt he com
put er conpany on your prenises.

Educat i on/ t rai ni ngensures that the conput er syst emusers becone
producti ve and efficient as rapi dy as possi bl e. WWththe frequency
of change to hardware and software, nany wll need traini ng at
nul tipletines. The conputer operator(s) wll needto understand
howt o nanage t he day-t o- day operati ons of the conputer; system
pr ogranmer s nust under st and t he har dwar e and sof tware t o en-
sure an opti numoper ati ng envi ronnent ; the users of t he conput er
systemw | | have to understand the appl i cati on prograns; and your
own devel opnent programmer (s) nay need t o | ear n new| anguages
and procedures for witing customappl i cati on prograns for your
busi ness.

Onthe benefits side of theana ysis, your conput er sol utionis being

purchased t o sol ve i denti fi ed probl ens and t o address known needs. A -
thoughit isfairlyeasytoidentifyandquantifythe costs associatedwtha
conput er system i dentifyingthebenefitsisoftennoredifficut. Thi s does
not neanthat benefitsareanylessrea thancosts. It sinply neans that they
requi re nore work to uncover. Sone conmon benefits associ ated wth the
use of conputer systens i ncl ude

I nproved busi ness cycl es  (such as t he cycl e of buyi ng goods and
equi pnent, taki ng custoner orders for goods or servi ces, naki ng
odiverytothecustoner, andhbillingthecustoner) resut inred do -

| ar savi ngs frombasi c i nprovenents i ncol | ecti ng accounts recei v-
abl e nore qui ckly or taki ng better advant age of accounts payabl e
di scourt terns.



434 EXPLORING IBM S NEW AGE MAI NFRAMES

e Inventoryreduction through proper application of conputers can
reduce the l evel of inventory that nust be kept on hand, reduci ng
carryingcosts rel a edt o varehouse space, insurance, taxes, andin

terest expase.

e Inprovedproductivity andefficiency  alows anorgani zati onto get
t he sane anount of wor k done nore qui ckly or wth fewer peopl e.
Excess nanpower can be redirected t o performot her tasks or nay
evennake it possibletoal | owwork force reducti ons over tine
throughnetural attrition

e Inprovedquality providesinfornationto personnel faster or wth
better preparation, inturnenabling organi zati onstoinprovethe
quality of their services and products. For exanpl e, i n nanuf act ur-
i ng envi ronnent's, conput er s can be appl i ed t o everyt hi ng fromde-
signsimi aiostostaisticd qaitycotrd.

e Inproved custoner service that provides nore rapidresponse or
i nproved accuracy to custoner orders, questions, and specia re-
quests (for pricequatati ons or for accuratel y quoti ng and neeti ng
adiverydaes, fa exaple) isasigificat factar inanagaizaiol's
ailitytoatract andreta ncustonars.

« (npetitiveadvantageisinprovedthroughtheflexibility provided
by a conput er systems ability torespond nore qui ckly to changi ng
narket denands. Ghangeisinevitab e it represents opportunity for
theflexid e, doonfar theinflexib e

Thisshort list of genera benefitsisanoverviewd theareasinwhich
busi ness conput i ng can nake a di fference. Each organi zationwill beab eto
addtothislist, basedonits current situationandadyectives. |dentifying
berefits, hovever, isolythefirst step.

Thenext stepistoquantifythe benefitsinddlars and cents vhere
possible. Lhlikethe priceof conputer parts, wiichyoucanoftenlook upin
acata og, quantifyingbenefitsisdfficut andsug ective. They nust be cdl -
cul at ed based on expected resul ts. However, quantifying benefitswll help
youfocus first ontheareas wththelargest payoff, andit wll a sohel pyou
conpar e conput er i nvestnents wth any other capital projects you re con
sidring

For exanpl e, if youfeel that i nventory can be reduced by 10 per cent
by instal ling aninventory nanagenent appl i cation program the annual
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benefit is derived by mul tiplyi ng 10 percent of your i nventory val ueti nes
thecarryingcosts. Thisisafarlystrai gntforvard exanpl e, but other areas
aenoredfficut toguantify accurately. For exanple, if anengineer’ s pro-
ductivityisincreased by 15 percent, youmght nul tiply her annual sa ary
and benefit costs by 15 percent toyi el dthe annua savings. S nceyoustill
nust pay the engineer full sal ary, sonewoul darguethat thereis no savings.
Asacounter tothis, consider that because t he engi neer can nowspend 15
percent of pai dtine devel opi ng aproduct toenter anewnarket, the actual
benefit tothe busi ness mght be nuch hi gher than 15 percent of the sal ary.
You nust deci de what a benefit isworthto your organi zati on.

Twodther benefitsthat aretypicallydfficut toquatifywenta ly-
i hg savi ngs areincreased sal es (resul ting fromi nproved cust oner servi ce)
and | oner enpl oyee turnover (resul ting fromi nproved wor ki ng condi ti ons
adpride). Thefact that thesebenefits (andatherslikethem ared fficut to
quanti fy does not nake t hemany | ess val uabl e but it does nakeit easy for
you to over| ook them

After you have quantifiedthe costs and benefits, youcanbeginto
eval uat e t he proposed conput er proj ect agai nst other capita proects. Two
often-used rul ers w t hwhi ch t o conpar e proposed capital expenditures are
payback periodand net present val ue The payback periodis the cal cul ation
of thetinetorecover theinvestnent cost fromin-flowngbenefits. Net
present val ueistheca cul ationof thecashfl ows di scountedfor inflation
based on t he cost of noney and ri sk associ ated wth the proj ect.

Thistypeof financia analysisisva uabl e, but donat overl ook ot her
aspects of thecapita proect—Hsstrategicval ue itseffect on custoner-
percei ved qual i ty and prof essi onal i sm and soon. G assi cal accounti ngtech
ni ques are easy to defend but they nay present only alinited picture of a
conpl ex, dynanic situation.

Har dware—ease or Buy?

Just when you t hi nk you are t hrough anal yzi ng al | the sof t war e and har d-
ware al ternatives, you face awhol e newset of questions concerni ng the
acquisitionnethodyouw | use. The nost obvious adternativeissinplyto
pay cash for the conput er system(nake an outright purchasg. Anoutright
purchase i s usual |y the | east expensi ve way t 0 acqui re a conput er system
but it has adrect andusua |y substantia inpact onyour busi ness cashfl ow
and capita position

Thenext acquisitionaternativeisto  financethe purchase price over a
periodof tine, just as youwoul dfinance a newhone. Inthis case, you
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si npl y nake a down paynent, of 10 percent for exanpl e, and t ake out a
loanfor thebal ance. Thelocanandinterest arerepai dthrough nont hl y pay-
nents, typicallyover aperiodof from2to5years. S nce you nust pay back
theinterest onthelocan, thisis anore expensive al ternative than a cash
purchese, but it canreduce cashfl owrequi renents. Inether case thetitled

t he conput er syst empasses to your busi ness, as do any tax benefits such as
depreci ati on. The purchaser of aconputer asohastheabilitytosel the
conputer, recoveringits residual val ug aval ue usua |y deternined by nar-
ket and t echndl ogy f or ces.

Axther acquisitionalternativeisthe termlease Inthisal ternative,
thelessor (conputer owner) grants use of a conputer systemtothe | essee
(t he usi ng conpany), who agrees t o nake | ease paynent s for a specified
periodof tineor term Leaseterns canbeany lengthbut typically runfrom
2to5years. If thelesseewshestotermnatethel ease beforetheend of the
term atermnationfeeis usual |y assessed. A advantage of feredby theterm
lessedternativeisthet it conserves cgpitd adyour businesslines of credt,
alowngthebusinesstousethiscapital or credit tofinance other i nvest-
nent s.

Two conmon | ease types arethe  capital | easeandthe operating | ease
CGpitd lessesare“rent-to-om’ | eases; a theenddf theterm thel essee can
pur chase t he conput er systemfor arel atively snall fee (for 5or 10 percent
o theorigna cost, for exanple). Wthacapital | ease thelesseeisusua ly
consi dered t he owner and recei ves the tax benefits of ownership. Gpital
| eases are nuch |i ke afi nanced purchase, but they donot usua ly requirethe
user to nake a down paynent. By contrast, operating | eases are nore con-
sistent wthtraditiona |easingarrangenents, wth no di scounted purchase
optionat theendof thel easeterm Becausethel essor i s usual |y consi dered
tobetheower, retainingthetax benefits of owership, thelesseetypicaly
nakes a |l over paynent thanwththecapita leaseaternative.

Qefind acquisitionalternativeisto rent the conput er systemnont h
by noth Thsprovidesthenast flexibility, typicdlyrequiringonly 1nonth' s
noti cetodiscontinue. G course, the benefit cones at the cost of hi gher
rental paynents. S ncethe paynent i s usual |y not fixed, you are subj ect to
i nor esses.

Sof tware Licensing

Acqui ring conputer softwareisad fferent story. Hstorica ly, vendors have
preferredto |icensesoftvare, grantingthelicenseetheright tousethe soft-
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ware under the conditions specifiedina l'i censi ng agr eenentsuppl i ed by the
softwvarevendor . Typicaly, theselicensesdlowthelicenseetousethe soft-
vare on a speci fi ed conput er systemfor a specifiedfee.

Three conmon ways to pay for this|icense agreenent are a one-ti ne

charge a lease anda nonthly charge Wth the one-tine charge, thelic-
ensee pays aset priceandretainstheright tousethesoftvareindefinitdy.
This charge canbe paidincashor financed. Theleasingaternativeisan

ot her way to finance t he one-ti ne char ge w t h no down paynent. FHnal |y,
thenonthly chargeislikerentingthe softvare nonth by nonthindefinitey.
Aswththisvay of rentingaconputer, it providesflexibility. It nay a so

of fer apai nl ess way t o upgrade t o newver si ons of sof tware as t hey becone
adldle

Wii | e t hese basi c forns of charging for software are standard, the
criteriafor establishingthevaluetochargefor softwvarearenat. Hstori -
caly, softvareval uevas believedtobedirectlyrel aedtothe pover of the
processor onwhi chit ran. Today, vendors are beconing nuch nore creati ve
inneasuringtheval leandareprovid ngd ternatives that nore cl osel y nat ch
the priceof thesoftwaretothe specific val ue abusi ness recei ves fromt he
sof tvare. These newaopt i ons focus on user - based and resour ce- based | i cense
char ges.

For many years, | BM's charges for systemsof t war e wer e based on
perfornance, specifically thethroughput (anount of applicati onwork) of
the processor onwhi chthe softvare executed. Severa processor nodel groups
ver e defi ned based on t hose processi ng capecities. Initialy, aneasurenent
caledinterna throughput rate (1 TR was derived for each processor. Mre
recently, thecal cu ationswererefinedto“nllionserviceunits per hour”
(MU and an MBUwas deri ved for each processor. MBs range fromas
lowas 3toover 100 for nore recent processors, and each MBUrepresent s
approxi nat el y t he sane capaci ty regard ess of the processor nodel and type.
Each processor conti nuedtobe associ atedwthaspecifictier o nodd group. *

Software prices, nonthly |i cense charges (M), were graduat ed
(hence, graduat ed nonthly |i cense charges or GMLQ based on t he proces-
sor group i nwhi ch the sof tware woul d run. No consi derati onwas givento
t he nunier of users or the anount of syst emresources (nunioer of proces-
SOrs, processor capacity, nenory, or LANs, for exanpl €) associatedwth a
particul ar softvare package.

*Informationinthis sectionis adapted fromThe A i pper Goup Navi gator bul l etin, witten by the
aut hor and M ke Kahn, titled “Mre Val ue froml BM s MY ESA+ower Total Cost and Enhanced
Function,” dated April 14, 1995. It is used with permssi on of The Qi pper Goup, Inc.
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As earlyas 1993, | BMbegan adj ustingitspricingstructure for high
end operating systens by eliminatingits toptwo processor groups (G oups
90 and 100), cappingits software prices at the Goup 801 evel . Frocessors
then avail abl e i nthe di sconti hued groups were pl aced i nto Goup 80. For
busi nesses w th processors i nthose groups, operating software costs were
reduced by up t o 36 percent.

It was not until April 1994, when | BMi nt r oduced neasur ed usageas
a neans of pricing ng or MS ESAsubsystens, that software prici ng nade
itsfirst significant nove anay fromprocessor capacity. Wththe Masured
Wsage Li cense Charge (MLQ, | BMannounced the Paral | el Transaction
Server andthe coup ed systenversiond itsRara I Syspl ex Li censi ng Garge
(PQ, discussedindetail later. (See Gapter 3for ad scussi onof syspl ex—
capabl e processors.) I'n Septentver 1994, | BVlannounced the Paral | el Enter-
prise Server nodel s and wth thema vari ati on on PLCfor “standal one”
coupl i ng capabl e syst ens.

I n Mrch 1995, | BViexpandedits effortstorebuil dthe §390 pricing
struct ure by announci ng t he | ndexed Mnt hl y Li cense Gharge (1MQ, cap-
pingits QUCat the perfornancel evel of thelargest processorsthenavail -
abl eand positioning l arger processors that are not coupl i ng capabl e onthe
sane pri ci ng scal e as noncoupl ed PS.Cprocessors. These st eps posi ti oned
P Cpricingasthe repl acenent for GUCpricingfor al parall el syspl ex
envi ronnent s and | MCpri cing for newnonparal | el (singl €) processors ex-
ceedi ng G oup 80 MBU

In 1995, | BVial so announced a wor | dw de Ent er pri se Agreenent for
Systent 390 Sof tware that al | ows busi nesses t o use one agreenent t o nan-
agetheir S30softwvared | over thevorld. It isa3year fixedfeecotract
dferedat theerterpriseleve that endd es busi nesses toi ncrease t he use of
the software at al ower cost than under standard terns. Qustoners with
sitesinmltiplecountries canrequest that al of their S 390 software be
aggregatedinto a si ngl e agr eenent .

These changes of fer | arge-systemcust oners apotentia reductionin
their total cost of conputing and nore cl osel y al i gn sof t ware val ue and
usage Wth software price. They al so provi de a neans of sinplifyingthe
ordering process and i nprovi ng your busi ness’s ability toprgject softvare
costs. The resour ce- based and usage- based pri ci hg franewor k al so provi des
i ncentive for youtorunapplications where they nake t he nost sense for
your busi ness. Because these opti ons under go frequent change and af f ect
your conpany’ s cash fl ow i ncone statenents, bal ance sheets, and taxes,
al vays consul t the proper professiond stodeternmnethebest aternativefor
your situation. Thefol | ow ng sections | ook nore cl osely at sone of t hese
recent | BVipricingand i censi ng opti ons.
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Measured Usage License Charge (MJLC)

| BMi ssued a st at enent of directionfor MLCpricingin 1993 and began
offeringit tocustonersinAril 1994. MLCis anoptiona repl acenent for
the MCstructure for softvare of feri ngs that i ncl ude sel ect ed ver si ons of
acs IMsTransacti on Minager and | M5 Dat abase, Bat chH pes, MXeri es,
and TSOE Masurenent functions for DB are pl anned for the future.

Bat chH pes/ MS di scussed i n Chapt er 5, uses thi s chargi ng net hod.
The val ue of Bat chH pes/ MSis basedonthetotal anount of datait reads
froma |l of itspipes, neasuredingigabytes (@ read, wi chis i ndependent
of processor type, size, andnodel group. It is nuchnoreafunctionof the
nat ure of the batch applicationprogramthat it processes. Aso, nost busi-
nesses Wil evol vetheir use of Bat chH pes/ MSover ti ne.

MULCprices provide alowentry price for busi nesses wth | over use
and i ncreased pri ces based onthe | evel of neasured usage of Bat chH pes/ MS
Frices for | owusage are consi derabl y | over than previ ous | evel - based MLC
prices. Rportingandbillingfor MLCrequiresinsta lationandactivation
of M/ ESA Usage Reporti ng Functi on code and t he Bat chF pes/ M/S MULLC
Reporting Exit code. The neasured usage charge i s deternined fromare-
cor ded neasurenent of the gi gabytes of dataread.

Highbilityfor MLCisat aper-product, per-processor level. Inthe
caseof aparalle syspexenviroment, eighilityisat aper—product, per—
parale syspexleve . MULCissugect toa6-nonthhillingperiod, but flex-
ibilityisprovidedintheinitia billingperiodtoalowfor fiscal year o
contract periodaligmnent. Ingeneral, MLCisabetter optionfor applica
tions generating | owusage. For hi gh usage envi ronnents, M.Cnay be t he
better option

Paral | el Syspl ex Li cense Charge (PLSC)

Withtheintroductionof the parallel syspl ex envi ronnent in 1994, options
for processor granul arity increased dranatically. PA.Cwas introducedin
two stages by | BMt o bett er nat ch t he har dwar e upgr ade char ges, based on
the aggregat e capacity of the processors, regard ess of the nunier of indi-
vi dual processors, wththe correspondi ng i ncreases i n softvare costs.

As of April 1994, busi nesses al ready owni ng two or nore coupl i ng—
capabl e processor s benefi ted fromt he PL.Cannouncenent. To qual i fy for
PSC abusinesshadtooperaeoneor nreexplicitly definedpard | d syspl ex
processors ei ther as a standal one processor inaparal | el syspl ex envi ron
nent or inanactively coupl ed syspl ex. The paral | € syspl ex envi ronnent i s
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defined as aspecific set of 9390 software prograns operatingononeor al
specifica lyidentifiedprocessars. Anactively coup ed syspl ex requi res thaet
the processors usethe appropriate set of couplingli nks.

Threeconfigurationoptions areavai | abl etoneet thepara l e syspl ex
r equi renent ;

e The@uplingFacility (9674), together wthcouplinglinks, physi-
callyinterconnecting any PS.Cqual i fyi ng processor (ES 9021 711-
based nodel s, EY 9121 511- based nodel s, and 9672 nodel s) .

e Any 9672 nodel with one or nore central el ectroni c conpl exes
(E3), each of whichincludes two tosix S 390 nicroprocessors,
o logical partitions (LPARS) runningthe couplingfacility control
code. The 9672 canrun as a standal one unit or be i nterconnected
wthother coupl i ng-capabl e processor s.

« AES 9021 711- based nodel fitted w thaspecially desi gned engi -
neering change enablingit torunthe Gupling Fecility contra code
inalogica partition This processor canthen be connectedto any
ot her coupl i ng capall e processor.

I n Sept enfber 1994, | BViext ended t he benefits of PLCt o any busi -
ness owni ng or pur chasi ng a si ngl e processor neeting t he har dwar e and
software requirenents to operateinapara | el syspl ex environnent. Thi s
includesinstal ling MS ESAVersion5, Release 2 (containingfull software
support for the parall el syspl ex). The reduced syst emsaof tware cast s pro-
vi ded t hr ough PSLCwer e nowavai | abl e across the entire Syst eni390 pro-
cessor range-fromasingle (PUParal | el Enterprise Server (9672) tothe
10-way EY 9021 Mbdel 9X2.

Lhder QLG the capacity of each processor runni ng an operati ng
systermmvas eval uatedind vidud |y. Thetota |icensechargefor mitiplepro-
cessors was t he sumof t he group-pri ced systens. Uhder PS.G two naj or
busi ness benefits were accrued. Rrices were positioned al ongasl opedline
(reflectingtheincreased granul arity of processor options under paral | el
syspl ex) that was pl aced entirel y bel owt he steps of the QILCpri ci ng struc-
ture. Thisreflects anacross-the-board pri ce reducti onfor busi nesses run
ning or planningtorun, inaparalée sysp ex envi ronnent.

The second benefit appli es to busi nesses runni ng two or nor e proces-
sorsinanactively coupl ed environnent. Thi s benefit cones t hrough t he
agoregat i on of M3Jassoci at ed w t h each processor. P.Cconti hues t o use
MBUas the base for price cal cul ati ons. Now however, the MUfor all of



Syst eml 390—+n Busi ness in the New Age

thecoud edprocessarsinthepard ld syspexisaddedinoasing etad that
determnesthefind P Ccharge. (Fgure7. 10illustratesthed fferent pric-
ingoptionsavailable.) Adustnentstothesizeof theparalée sysp ex cot
figurationresult inad ustnents tothe PA.Chbased on novenent up or down
the configurationscal e. You pay for what you use, and you use onl y what
you need.

The | arge-syst ens pri ci ng announcenent nade by | BMi n Mrr ch 1995
confirnedits strategic direction and pl aced a per nanent cap, 80 M8k at
theexistingGoup 80l evel, ontheaging QMCpricingstructure. Al of the
then | argest announced processors, both | BMand | BMiconpat i bl e, were
placedinto Goup 80. Busi nesses perticipatinginapara e sysp ex environ
nent woul d recel ve adi stinct software pri ce advant age over t hose conti nu-
ingtooperateinlarge uni- or nul ti processi ng envi ronnent s.

I ndexed Mont hly Li cense Charge (1 M.C)

New pr ocessor s, announced af ter March 1995, that run MS that do not
performinacoupl ed paral | el syspl ex envi ronnent, and that are neasured
w th Mk t hat exceed t he upper bound of G oup 80 are placedinthe
IMCcategory. IMCisanewslopedpricingstructurethat tracks the sl ope
of P Cand i ndexes prices based onthetotal capacity of the processor,
neasuredin MBJ The significant differenceisthat softwareprices applyto
the si ngl e processor and cannot be aggr egat ed wi t h any ot her processor .
(For these systens that runMWor V& aspecia bidpriceisrequired.)

Two addi ti onal changes were nade with the introducti on of | MC
The D stri but ed Syst emLi cense (oti on (DALQ i s di scontinued for systens
covered under | MCbut continues for processors covered by GALC DH.O
of fers a 25 percent di scount on software i censes runni ng on Syst em 370 or
Systemi390 processors, other thanthe first one purchased by a busi ness. For
busi nesses benefitingfromD3.Q it istheresponsibility of theleadsiteto
di stri bute t he sof t var e and syst emchanges t o t he “ di scount ed’ processors.

A'so, consistent wthlBVIs current software support policy, program
support is provided only for errors that can be reproduced in an | BV
supported operati ng envi ronnent . Because | BMs | argest processor fallsinto
Goup 80, the onl'y supported operating envi ronnent for processors great er
than 80 MBJis the paral | el syspl ex environnent. Thus, errors di scovered
whi | e runni ng on processor s under | M.Chnust be reproduced on si ngl e pro-
cessorsin Goup 80 or bel owor inaparal |l el syspl ex environnent before

| BMlaccept s responsi bi ity for correctingit.

441
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One Pricing Example—
39% Cost Savings with 61% Price/Performance Savings

By way of summary, the following example illustrates the various software
pricing alternatives available to a customer. To simplify the example, con-
sider an enterprise that has an ES/9000 9021 Model 711 (Group 40 and
rated at 11 MSU) installed prior to April 1994. It then purchased an ES/9000
9021 Model 962 (Group 80 and 53 MSU).

e Under GMLC, the enterprise paid $36,302 per month for the group 40,
Model 711 processor. Under GMLC, it would pay $84,934 per month for
the group 80, Model 962 processor.

Total Cost $121,236 per month
Cost/MSU ......coeoeeeenn. $1,894 per month

e With DSLO, the second processor cost is reduced by 25% to $63,700.

Total Cost .............. $100,002 per month
Cost/MSU ......oeeeeeenn. $1,563 per month

e With the introduction of the extended PSLC pricing option, the
enterprise’s parallel sysplex—capable machines, assuming they are
equipped with the proper software levels, could qualify for a Stand-Alone
PSLC. The 11 MSU rating for the Model 711 sets a price of $26,023. The
53 MSU rating for the Model 962 sets a price of $69,535.

Total COSt ..ceevvvvenneeee $95,558 per month
Cost/MSU ......oeeeeeeenen. $1,493 per month

e Actively coupling the two processors as a parallel sysplex
environment with the appropriate software levels allows the two MSU to
be aggregated to a new single total of 64 MSU.

Total COSt ..cevvvevennnenee $74,199 per month
Cost/MSU ......coeeeeeeen. $1,159 per month

PSLC has a built-in incentive to expand the parallel sysplex. Each incre-
mental MSU beyond 45 is very inexpensive, producing a 61% reduction
in cost/MSU in the above example.

Figure 7.10. Benefits of P Csoftvare pricing can be si gnificant.
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Integrated Offerings

Installing newpoverful S 390 platforns, suchas those requiredto support
an MS BESA W ESA or VIH ESA operat i ng syst emenvi ronnent, snoot hl y
and successful | ywth mninal or nodisruptionto current busi ness opera-
tionsrequires up-front planning, careful analysi s, andskill edpersonnd . To
assist intheseefforts, | BVihas i ntroduced avari ety of “customzed’ sol u-
tionsand“integrated” offerings that i ncl ude sets of services providedwth
t he pur chase of confi ned server har dware and sof tware. Frst, however, we
Wil lookat what isarguablythe nost radi cal changein S 390integrated
of f eri ngs—€5 390.

Open Server Software—OS/ 390

Busi nesses usi ng t he M/ ESA operati ng syst emas the sof tware pl atform
for runni ng busi ness appl i cations wll nowbenefit froma newS 390 soft -
ware strategy. | BVis repl acing MS ESAand nore than 30 ot her rel ated
software productswthanintegrated, pretested server operati ng syst emt hat
runs bot h UN Xand M/Sappl i cati ons. Thi s newserver system announced
as (W30, fullyintegrates client/server, obect-oriented, and N Xcapa
bilitieswththetrad tional strengths of MS This substantialy reducesthe
conpl exi ty of nanagi ng your § 390 envi ronnent. | BMpl ans t o shi p a new
rel ease approxi nat el y every 6 nonths, announcingits content wththeavail -
ailityd theprior re esse

Through t hi s reduced conpl exi ty, your busi ness can expect to save
staff resources nowspent onsoftware pl anning, installation, testing, and
nai nt enance. Sone est i nat es showr esour ce savi ngs of up to 60 percent on
insta lationtasksandonplanningandorderingtine Thisisacritica step
tofurther loveringyour tota cost of conputing operati ons.

B30 (seeFgure7.11) is based on openindustry standards and w |
includea | thefunctions neededtosupport the XX QrenSngle U N X speci fi -
cation. Additionaly, thebase operatingsystemprovidesthelatest pard |l e
syspl ex support, obj ect-ori ent ed programmng support, data access func-
tions for distributedconputi ng, suchas O stributed Gonputi ng Bnvi ron-
nent (DXE) and Dstributed H | e Server application enabl enent, and a
conmuni cat i on server.

The conmuni cati on server incl udes avariety of progranminginter-
faces and network protocal s, including TGP I P, Systens Network A chitec-
ture (SN, and asynchronous transfer node (ATN. Thi s i ntegrated
conmuni cat i ons server nakes it possibl e for §390 servers to nanage and
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APPLICATION ENABLEMENT

VisualLift Run Time
SOMobjects Run Time

Language Environment

INTEGRATED OPTIONAL
FUNCTIONS

APPLICATION ENABLEMENT

C/C++ Compiler 3.2
SOMobjects Application Development Environment
GDDM REXX Feature
VisualLift Application Development Environment

SYSTEMS MANAGEMENT

RMF
QS/390 Sscurity Server”
DFSMS Alternative
Offerings of:
-DFSMSdss
-DFSMSrmm
-DFSMShsm

Figure 7.11. (8§ 3% baseandintegrated optional functions (Rel ease 1).

share i nfornati on and transacti ons acr oss a w de range of pl at forns and
networks. Both your departnental and busi ness-w de organi zati ons wl | ben
eit fromhisfleddecomectivity.

Aset of optional functions areincludedas part of the base server.
These options are pretested and part of every CG8 390 i ntegrati on. You can
eval uat e t he functi ons bef ore deci di ng whet her to use t hem These opti ons
i ncl ude ext ended appl i cati on enabl enent functi ons and ext ended security
functions that provi de newDEsecurity server functionandthelatest re-
| ease of RAJ. | BVihas coomitted that the CF 390 package w Il be fully
enabl ed for theyear 2000; al | functionrequiredfor conpatibilitywththe
year 2000 has been t hor oughl y t est ed.
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Anaddi ti onal benefit i's providedthrough softcopy publications, the
default optionwth G5 390. Athoughasnal | set of infornationthat is
neededtoplanfor andinstall G5 390 is shipped i n hardcopy, the nuch
larger set of infornationnanual s, incl udi ng gui dance and referenceinfor-
nation, is shipped ona platformi ndependent > RM The sof t copy pub-
lications andthe software tod s needed to vieewand print these publ i cati ons
areincl uded w th G5 390.

Paral | el Server (fferings

In1994, wththeavailability of the S 390 nicroprocessor pard | € servers,

| BMi ntroduced a package cal led * S/ 390 Cust oni zed Sol uti orfisas a f ee-
based servi cethat | cads, configures, custonizes, andtests systemappl i ca-

tion software wth sel ect ed newl BVihar dwar e and operati ng systens. Wth

thi s package, all the necessary hardwar e and sof t war e conponent s can be
preconfigured, prel oaded, custonized, and testedto neet your indivi dual

busi ness needs. Qvi ous benefitsincl ude shartenedinsta lationtine, getting

i nto producti on nore qui ckly, and ninimzed ri sk to operations.

Qderingthis newsal utionrequires nothing norethansitting down
w thyour | BVIrepresentative to conpl et e a questi onnai re coveri ng your
current system the newsystem and products youintendtoinstal. The
cust onhzat i on servi ces you request are anal yzed and perforned by trai ned
S'390 personnel at 1BV Gearly, theinpact toyour personnel and opera-
tionsis mninnzed.

Foecific el enents i ncl uded i nthe § 390 Qust onzed Sol uti ons span
bot h sof t war e and har dwar e cust onii zat i on. Sof t war e cust onizat i on pre-
| oads ful I'y confi gured syst emand appl i cati on software directly ont o your
newS 390 sol uti on. Thi s incl udes prel oadi ng newl BVMDASs wth al | nec-
essary softvare; prel cad ngrel atedvorkstati onsoftvare; creatingal og cal
partition (LPAR where your exi sting operati ng systemcan be rest ored;
prel oadi ng | nput/ Qut put Gonfigurati on Data Sets (1 GI6s); and creati ng
cust on zed t apes. The operating systens supported are MS W VSE
and VM VSE.

The har dwar e cust omizat i on i ncl udes confi guri ng and at t achi ng new
| BMperi pheral s and devi ces; instal lingcards and adapters in | Bvivor kst a-
tions that support the newS 390 sol ution; and reconfi guri ng Har dwar e
Managenent (onsol es (HVES) to nat ch processor rel ocation and/ or up-
grades. The § 390 processors supported arethe 390 Paral | el Enterprise
Server (9672 Rnodel s) and the S 390 Paral | el Transacti on Server nodel s.
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An optional enhancenent, singl e point of contact{ SPQC) for prob-
I ens encountered duringthemigrationtoaparall el environnent, is al so
avai | abl e, SCCi s asupport teameconsi stingof i ndivi dual s wth broad tech
nica skillsandd agnosti c expertise. For asubset of softvareprdd ensrel at -
ingtovendor products that areapart of the Bterprise Server, |BVw I |
initiateasnoothtransfer of probl emownershipto parti ci pati ng vendor or-
gani zati ons wt hout custoner i nvol venent .

Entry Server O fering (ESO

For busi nesses whose needs can be net by snal | er S 390 processors or who
have ol der generation § 370 processors, | BMprovides the Entry Server G-
fering (B3). This package uniquel y sinpl i fies your cost-benefit ana ysis by
conti ni ng the el enent's of cost i ntoasing epackage, availableat asingl e
pri ce. Packagi ng and del i vering t he har dvar e and sof tvare that your busi -
ness needs andofferingit a asing epricereflectsthe synergy (val ue of the
whal e exceeds the val ue of the parts) avai | adl e through | BVIs of ferings. The
E3Dachi eves thi s by provi di ng suites of 1 Bviand non- | BMappl i cati on soft -
ware, services, current generation hardware, nai ntenance, trade-incredts,
adacquisitionaternativesfulyinegaedfo eachofferingandat aprice
di scount ed si gni fi cantly fromt he sumof the parts. *

Val ue deri ved fromESOcones i n several forns. S andard hardvare
configurati ons span the E5 9221 Seri es 40 nodel s and t he 9672 Seri es 80
nodel s, whi ch use the nost current QM35 technol ogy. (perati ng system
choi ces i ncl ude the | at est ESAversi ons of V& W MS or Wiw th VEE
Ngaiontoadinstdlationd thesecurent levd sissinglifiedandach eved
wthlowriskthrough mgrati onservicesthat areincl uded.

The ESOi ncl udes a choi ce of ten sof tware product s froman ext ensi ve
sel ectionof applicationsuites andoptional products designedtoi ncrease
your ability to nanage and devel op sol utions toinfornati on t echnol ogy
i ssues. (operative softvare products (C3%), that is products suppliedfrom
other vendors, canbe orderedwth BESObut arenot includedinthetota of
ten prograns sel ected. C3s will be billed by the sof tware vendor at addi -
tional cost. Qder versions of software products can be orderedfor mgra-
tionpurposes andused for upto 12 nonths at no addi tional cost. These a so
do not count as part of the ten products chosen.

*Informationinthis sectionis adapted fromThe A i pper Goup Navi gator bul l etin, witten by the
author, titled “Add Sone BENEFI TSto Your QCBT Equati on— BM's Entry Server Gfering (ESO":
dat ed Novenber 11, 1994. It i s used w th permssi on of The A i pper Goup, |nc.
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The | BM provi ded ningrati on servi ces reduce your resour ce i npact
and lower theriskinherent inmgrations. | BMs Systemt 390 support ser-
Vi ces assure ongoi ng techni cal support and are desi gned to ensure faster,
easi er installation; toprovideoperator trai ning, andto provi de hardvare
nai nt enance support. Qher servi ces provi ded for afeeincl ude perfornance
nanagenent servi ces, capacity pl anni ng, networki ng support, custonized
operati ond servi ces, and cust oner - speci fi ¢ servi ces.

Tosinplify the eval uati on and deci si on process, | BViprovi des a di -
rect narketing group+HBvDrect in Alanta, GAo conpl enent the fi el d-
service organi zation. Thi s experienced support staff wal ks cal | ers through
speci fics of the B3D Vien necessary, fieldspecidistsareassignedtohd p.

F nanci ngfor B3] aswthnost other | Bvifi nanci al arrangenents, is
availabl ethroughthe IBGedit QGrporation (1G). Atota sol utionlease
covering 3, 4, or 5years or apurchase optioncovering 3years of softvare,
service, andnai ntenanceis availabde. Thisprotecti onensures noincreasein
sof tware or nmai nt enance costs for 3years. Based on current|y announced
price ranges of under $200,000to about $2 ml | i on and benefits deri ved
fromreduced operati ons conpl exi ty and i nproved envi ronnental costs, your
payback peri od for purchased ESOconfi gurati ons can be | ess than 2 years.
Mst will beinthe2- to 3 year period, wich covers only the begi nni ng of
theusefu lifed thesesystens.

Educati on

No natter what conput er har dwar e and sof t war e you sel ect, your peopl e
wll havetooperatethem Inorder tonaxi mzethe r effici ency and noral e,
these peopl e nuist be educated i nthe use of the conput er systemitsel f andin
theused itssoftvare.

Proper educationiscritica tothe success of any conputer aut ona-
tionproject. | nadequat e educati on nay precl ude productivity benefits af -
forded by novingatask tothe conputer. The goal of the educationisto
nake the users proficient at usi ng t he conput er har dwar e and sof t var e and
tonaketheir interactionwththe conputer systemenj oyabl e. Vien oper -
atingaconputer isenjoyable auser isnorehighlynotivated. If, onthe
ather hand, usingthe conputer represents afrustratingstrugg eduetoi ned
equat e education, theuser isless producti veand nay avoidit a together.

Mst S30userswll beusingrel atively sinpled spaysandprinters
a their disposal. Athoughtrainingonthe use of theseitens shoul d not be
overlooked, it canusual |y be hand ed easily onaninfornal basis. For sys-
temoperat ors, systemprogrammers, and ot hers who have to deal wthtape
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drives, conmoni cations control | ers, workstationcontrol | ers, and other pe-
ripheral's, norefornal hardware and systens software trai ningi s necessary.

Ater theusers arefamliar wth the hardware el enents w t h whi ch
theywl!l interact, they nust betra nedto usethe software wthwhi chthey
W Il beworking. For users, nuch of the conpl exity of operating system
conponents i s handled by the appl i cation. In-depthandfornal trainingfor
syst emoperators, systemprogrammers, and appli cati on devel opersi s agood
investnent. Traditional classroomeducationis availabl e froml BMland ot h-
ers when nor e det ai | ed know edge of S 390 operati ng systens i s needed.

BEveryone usi ng appl i cati on prograns of any conpl exity shoul d re-
ceivefornal educationontheir use. Snceusers spendnost or al of their
conputing tineworkingwth the applicationprograns, thisisthe nost
i nportant conponent of a good user education pl an. The content of this
educat i on depends onthe particul ar appli cati on programsel ected. Typica ly,
nanual s provi ded wththe application programcontai n step-by-steptutori-
asdesignedtotrai nthe user. Dependi ng on howconpl ex t he appl i cation
programi s, hownuch experi ence the user has, andthe quality of thetuto
ria, thiseducationnethodachi eves varyi nglevel s of success.

There are other ways of gettingapplication programeducati on. Soft-
vare conpani es of fer classestailoredtousingtheir applicati on prograns.
Busi nesses wi Il usudl |y send one persontoacl ass of this type andthen have
t he person teach other users uponreturning. 1BV other software publ i sh-
ers, and consul tants can provi de i nfornati on about various cl asses, books,
Vi deot apes, and other nediathat are avail adl efor trai ni ng newusers.

| BMTeachis onesource, inthelhited Sates, of educationfor 9390
relatedtopi cs. Qurses are avai l abl e for end users, application program
ners, and systemprogrammers. Gourses inthe curricul umcover such things
as conput er concepts (includ ngthelatest naterial onparalle sysp ex envi-
ronnents), § 390 operations, MS Wand VE servi ces, M TSQ REXX
| S RXF, perfornance andtuning, and softwareinstall ationand nai nte-
nance. Inadditiontothe naj or operating systens, courses areofferedin
st orage subsyst ens, personal and appl i cati on systens, conmuni cati on sys-
tens, database, and data conmuni cations. Busi ness and personal devel op-
nent courses for techni cal users are a soincluded. Gurses aretaught in
nany naj or cities; wth specia arrangenent, they nay be taught at your
location. (Qutsidethe hited Sates, | BVleducationofferings are set ona
count ry-by-country basi s.)

| BMTeach al so sponsor s a nunber of conf erences that concentrate
on speci fi ¢ sulj ects. These conferences are the “graduat e schod ” of educa-
tionandtrai ning. They al | owtechni cal prof essi onal s and nanager s t o get
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up-to-date, in-depthinfornationabout recent devel opnents. Gtenthese
conf erences are hel d near | BVIpr ogranmh ng devel opnent | ocati ons to pro-
vide the wdest variety of devel opnent speakers and al | owl BMt echni cal
expertstoparticipateinwvorkshops, questi on-and-answer sessi ons, and ot her
infornal neeting settings. Past conferencetopi cs have i ncl uded st orage sub-
systens; ESQN client/server conputing; | arge systens perfornance; data
centers of the ' 90s; M XAto MS ESAnigration;, ACS |IM5 and DR
techni cal conferences; aninternational conference on o ect technol ogy; and
anetvor ki ng systens techni cal conference. For cour se speci fi cs and sched-
ules, call I BMTeach at, not coincidental |y, 1-800-1 BM TEAHH

Servicing Your System

Despiteall the precautions takento nake S 390 conputers as reliabl e as
possi bl e, conputers dofail. If yours does, you nust have avay of gettingit
fixed Al §390 conputers conewthawarranty that provides freeon-site
repai rs froml BMs servi ce divi si on, 7 days aweek, 24 hours a day. The
various di spl ays and printers associ at ed w th § 390 conput er s each have
their onnwarranty terns and peri ods rangi ng from3 nont hs to 3 years.

Ater thewarranty period, you becone responsi bl e for nai nt enance
of thesystem |BVland others of fer servi ce agreenents that, for afee, pro-
Vi de postwarranty on-site servicejust |ikethat provi ded duringthe var-
ranty. Various nai ntenance di scounts are avail abl e, dependi ngonthel evel
of systens nanagenent procedures youarew |lingtoinpl enent i nyour
organi zati on.

If your systemfail s and you do not have any type of servi ce contract,
youw || havetopay for parts and|abor, whi ch can be extrenal y expensi ve.
For thi s reason, nost peopl e choose to keep thei r systens on nai nt enance
after varranty as atype of i nsurance pdicy.

No natter what conput er systema busi ness chooses, it wil require
ongoi ng support: questions wll need answering, hardware probl ens nust
be addressed, software updates nust beinstalled, andsoforth. Thi s support
canbe deliveredinnany different ways. Rersonnel fromthe conput er nanu-
facturer, the software conpany, andyour o staff aregenerallyinvd vedin
supporting the conput er systemandits users. Inaneffort tonakethi s sup-
port nore ef fecti ve and conveni ent, | BVof fers | BV nk.

Wth 1 BMi nk, support is deliveredelectronically, whichinproves
access to techni cal and product i nfornati onand sinplifies conmuni cations
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bet ween | BVIper sonnel and users. Just as el ectronic nai | and ontli ne busi -
ness i nfornati on streanhi ne a busi ness’ s operati on, | BMl nk st reanhi nes the
support provi ded t o your busi ness operati ons.

Access to I BMink i s provi ded t hrough the | BMI nf or nati on Net -

work (11N. Theservicesincludethefd | owng.

I nf oLi nkprovi des nany of the sane tool s used by | BMpersonnel to
support users. Fomlnfoli nk, you can vi ewl BViproduct announce-

nent | etters, hardvare and softvare product catal ogs, product pri ces,

vol une di scount schedul es, publicationinfornation, lists of | ocal

dedl ers, and soforth. You can al so use har dwar e and sof t war e con-

figurati onplanningtool sto define and price workabl e conput er
systens wththe r vari ous opti ons.

QO derLinkal lows youtol ook at the equi pnent you currently have
onorder.

Support Li nkprovi des a nati onal dat abase of techni cal questions
and answers. Thi s dat abase can be sear ched by keywords to | ocat e
previ ousl y answered questions onavari ety of technical topics. A
user can enter newquesti ons, whichw | be answered by | BMsup-
port personnel andthen addedtothe national questi o/ answer da-
tabase for atherstoview Through SupportLi nk, you al so can vi ew
Techni cal Bull etins and HLASHes post ed by | BV The “copy screen”
function of SupportLink a | ows | BVipersonnel tointeract directly
wththe user’s conputer system Boththe user andthe | BVirepre-
sentati ve can see the sane screeni nage onthel r respecti ve vorkst a-
tions. Thi s conmon i nage hel ps resol ve user questi ons and hel ps
userslearnthe system

Servi ceLi nkal | ows you t o conmuni cat e el ectroni cal |y wth | BViser-
vi ce personnel toreport probl ens. Further, you (or | BMiservi ce per-
sonnel ) can el ectroni cal |y search through | BVI's sof t var e updat es,
cal | ed programtenporary fi xes (PTFs); recei ve t he sof t vare updat e
electronically;, andapply the fix. Probl ens detected by the 390
conputer generate al ert nessages that canbe autonatical Iy sent to
| BMservi ce wthout any user intervention.
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« Tal kLi nkprovi des a conf er ence servi ce supporting cust oners and
devel opers (such as i ndependent sof t var e vendors) w th t echni cal
support. Anentry, S 390 Devel opers Associ ation, inthe Tal kLi nk
panel provi des access to services for W MS and VE Feat ures
avail bl eincl udefast paths for perfornance, panel nevs, and down
| oad and f orumser vi ces. For nore i nf or nati on on Tal kLi nk, cal |
1- 800- 547- 1283.

« Wser functionsreduce “tel ephone tag” by provi di ng sone si npl e
el ectronic nai | functions between | BVipersonnel and t he users. You
can send comment s back t o 1 BML nk t hr ough t hese user functi ons.

Summar y

Qur careful and ysi s of the systems har dware and softvare € enent's, as vel |
as of enhancenent s | BMihas devel oped for those el enent's over the past five
years supports our contertion: S3Nisasswedydiveandvdl. Infact, the
S30has evd vedintoanincreasi ngly poverful and nanageabl e | arge-scal g,
gener al - pur pose busi ness server. Wiet her your businessisre atively snall,
nedi um or large, Systent390 deserves serious consi derationas adriving
force capabl e of supporti ng your busi ness.

Fromt he suite of software prograns cal | ed Systemvi ewto the en-
hanced of ferings, 1 BMhas tail ored Systeni390 to neet your needs. Wiil e
nor e functi on and power has been added to the system the real cost of
operation has been dranati cal | y reduced and t he ease of usi ng t he system
has i ncreased. sers of ot her systens canargue that one el enent or anot her
issuperior toSystem390 s capability, but wvebdievethat Systeni390, as an
i ntegrat ed conput i ng server envi ronnent, has no equal for sal vi ng conpl ex
busi ness probl ens. Ay busi ness seekingtoinprovethe businessvalue of its
conputi ng sa ution, especid |y those pursui nganenterpri sewde cl i ent/ server
busi ness perspective, onesitself acloselook at Systemi390i nthe NewAge
of conputi ng.
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Dot aRef resher, 258
DR (Dat abase 2), 88, 248-249
DB2 Per f or mance Monitor (PV) for
WS, 249
Sort Enhancenent, 41
dbx, Clanguage debug, 239
DCAF (D stri but ed Gonsol e Access
Facility), 106, 396
DCS(differentia current swtch), 26
COM( D stri but ed Dat a Managenent ) ,
342
deci si on-support appl i cati on prograns,
256

Oel i very speed, 2
Dening, D, 163
derived data, 255
DES (Dat a Encrypti on S andard), 133
devel opnent tool s, 234-244
fourth-generation | anguage, 239-241
front-end exi sting, 235237
obj ect-ori ented, 241-244
third-generati on | anguage, 237-239
OFSWE M/S (Data Faci ity S orage
Managenent Subsyst end M/S),
280, 395, 415-418
dgtad sigd, 38 6369
di nensi ons (System ew), 390
drect retaling 7
Drectory Service, 291
OrMint (Orectory Mintenance), 308
DS(Datalnterpretation Systen), 259
di saster recovery and recovery firns, 422-
424. See al sorestore operati ons
di sci pli nes (of systemnanagenent), 391
dskarray, 170
diskdrive, 174
di sk serving, 284
display stati ons, 201-202
O stri but ed Gonput i ng Envi r onnent
(DE®), 89, 290, 337-356. See
al so i ntegrat ed conmuni cat i ons
adapters; |/ Ochannel contral lers
and adapt ers; (pen Sof tvare
Foundat i on (C5F)
Gonmuni cat i on Servi ces, 344,
345- 347
D stributed Systens Servi ces, 218, 344
Network Servi ces, 344, 347-355
Syst end 390 DO stri but ed Net wor ks,
338- 341
Systemt390 wi th O stri but ed AS' 400
Net wor ks, 341-344
distributeddata 91
DO stributed Security Minager (C8V) for
M/S, 400, 430-431
di stribut ed two- phase conmit, 248
[LF (Dot a Lookasi de Facility), 272



D.S(devicelevel selection), 177

DLSE (DLS Ext ended), 179

DC5 (D sk perating Systen), 312

DY VS (DOe/ Mirtual Sorage) and DOy
VSE (D5 Mrtual Sorage
Ext ended), 313-314

downsizing, 7, 9-11

[P (dat a processi ng), 203

DROA (D stributed Rel ational Dat abase
Achitecture), 249

CsaM( D stri but ed Syst em(pj ect
Model ), 242

Dual Bus Link cards, 123

dual copy, 170

Dual - Addr ess Space Facility, 269

D/& (Dat a Wndow ng Servi ces), 272

dynanic address transl ation, 117

dynanic di sk reconstruction, 174

dynamc partition, 317

dynam ¢ reconfi gurati on nanagenent ,
96. See al soconfiguration
nanagenent

dynaniic sparing, 175

dynanic st orage reconfi guration, 96

dynani ¢ wor kl oad bal anci ng, 92

E
EC (Extended Gontrol ) Mbde, 19
B2 (emtter-coupl ed | ogic), 25
E) (el ectronic datainterchange), 64
education. Seetraining
BM (el ectronagneticinterference), 151
encryption, 401, 427
CES (Dat a Encrypti on S andard), 133
| R (Integrated Qypt ographi c
Feature), 41, 133-134
End- Use D nensi on, 390
enhancenent s, 40-41
Bterprise Catal ayer, 255-256
eterprisedataservers, 12
enterprise mil tinedia, 78-80
Ent er pri se Perf or nance Dat a Minager
(EPDV) / MS), 398, 412
Etry Srver Ofering (B3], 76-77, 446-447

Index 471

entry-level S30 server, 112
envi ronnent, 53, 264
BP (I aser/ €l ect rophot ogr aphi c), 205
error recovery procedure (ERP), 423
ESA(Eterprise SystemArchitecture), 22,
212, 275. See al so M/S (Ml -
tipleMrtual Sorage); MS EA
operating system
ESA/ 390 LPAR node, 59-61
ESA/ 390 node, 59
ESA XC(BEnterprise Systens Architecture/
Ext ended Gonfi guration),
302- 302
ESQON (Ent er pri se Syst ens (Gonnect i on)
technal ogy, 22, 40-41, 151-159
converters, 157-158
directors, 155 157
ESCON channel adapt er, 368
Ext ended D st ance Feature (XOF), 152
Manager, 394, 406- 407
renot e channel ext ender, 158-159
ESONMil tiplelnage Facility (BEMF),
40, 41, 89, 154
ESS (ent ry sequenced data set), 322
Establi shnent Gontrol | er (3174), 67,
361- 362
B hernet LAN 70-72
BEvans, Bob, 22
executionunits, 120-121
expanded avai | abi | ity configurati on, 90
expert system 410
Ext ended Real Addressing, 268
External Tine Reference (ETR, 90

E

faut td erance, 93-97

Faul t Tol erant Dynamic Menory Arrays
Fcility, %6

FBA(fi xed-bl ock architecture), 49

HD (FHber Dstributed Catalnterface),
72

FST (first fail ure support technol ogy),
185

fiber optics, 40-41
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optical storage, 50, 188-192
fidds, 25
fileserver, 3%
files, 25
finance, 435. See al sopaynent, net hods
d
fledklity, 2
Fl owvark for M/S/ ESA, 258
fol der managenent, 79
FP(floatingpoint), 29
frane, 35 166
routing, 167-168
types of, 166
front end (of system, 337
FSU(Fast Servi ce Upgrade), 315
function, 166
user functions, 451
future requi renents, conmissi oned st udy,
23-24

G

@B (gigabyte), 30

gi gaFLCPS, 14

ol obal war ehouse, 256

QW.C (graduat ed nont hly | i cense
charges), 437

@S (G obal Resource Serialization), 275

guest operati ng syst emsupport, 296

H

HC ( Har dwar e Managenent Consol e),
106

HD (Har dwar e Gonfi gurati on Defini -
tion), 96, 39334

HOM (Har dwar e Conf i gur ati on Manage-
nent), 86, 393-3%4

HDA (head- di sk assenbl y), 49, 174

heat. See bi pol ar technal ogy

HS(Herarchica Fle System, 289

H gh Performance Routing (HPR), 350

H per bat ch, 281-282

H per space, 274-275

host. See hypervi sor

hot pl uggi ng, 33, 174

hyper vi sor, 296

|
I/ Ochannel control | ers and adapt er s,
360- 371
I/ Osyst ens
cards, 33
channel architecture, 148 162
channel expansi on, 159- 162
confi gurati on nanagenent, 394
devi ces, 34-35
ESCON (Ent er pri se Syst ens (Gonnec-
tion) Architecture, 40-41
I/Onfigurati on Program(| GP),
151
input/output (1/Q channel's, 146
integrated |/ Oadapter cards, 38
I BM See al so Syst ent 360 and Syst ent
370; Syst ent 390
conmi ssi oned st udy, 23-24
direct phoreline, 77
| BMLar ge Syst ens Perf or nance
Ref erence (LR, 139
I BMLi nk and | BMI nf or mat i on
Network (11N, 450-451
| BMproduct docunentation, ix
| BM Sof t war e Manager M/S/ ESA, 412
| BMTeach, 800 phone |ine, 448-449
product lines, 23
IBMintegrated of ferings, 443-447
Bntry Server Gfering (E3), 76-77,
446- 447
pen Server Sof tware G5/ 390,
443- 445
para |l € server, 445 446
I BM |1 BMSyst enM ewl nt er nat i onal
Alliance Menbers, and | BM
Busi ness Partners, 401
I CE (i nt er connect communi cat i ons
el enents), 128
IQ (integrated cartridge | cader), 193
| R (I ntegrated G ypt ographi c Feature),
41, 133-134
ICIV, 80



I 0L (I nterface Definition Language), 242
| BEEE 802. 3. See B hernet LAN
|EEE802.5. Seetoken-ring protocol
i mage, 229
I nageR us
famly, 261-262
InageH us Fol der ApplicationFacility,
229- 232
I M.C (Mt hl y Li cense Charge), 438,
441
i npl enent ati on, ease of, 2
I M5 (I nfornati on Managenent Systen),
90
I M5 DB (I nformati on Managenent
Syst emDat abase Manager),
87-88
I MY ESA (I nf or mat i on Managenent
SystentEnt erpri se Syst emA chi -
tecture), 250-251
| M5/ ESA
Dat abase Manager, 251
Renot e S te Recovery, 252
Transact i on Manager, 251
I NFQ MAN (| nf or mat i on/ Managerrent
Fanly), 393
I nfoLink (1BV), 450
infornation, xxiii
I nf or mat i on/ Managenent for M/S ESA
409
Infornation Systens (1§, xxiii
I nf or nat i on Vér ehouse Sol uti on, 253
infornational applications, 254
I nf osecurity News, 428
initia database design, 446
initializatiorecovery path, 339
initiator node, 167
i nput / out put processor (1P, 9
instructionset, 212
i nt egrat ed conmuni cat i ons adapt er s,
356- 360
Integrated Gupling MgrationFacility
(1aGW) and DO spat ch Assi st, 86,
107
Integrated Sockets, 290

I ndex 473

integration, 219

ineligent workstati on, 66

i nteractive conputing, 296

interactive processing, 19, 55-56. Seeal so
bat ch processi ng

Interactive SystemProductivity Fecility
(1SPA) for WS, 236-237 288

I nterconnect Gontraller (3172), 363

inerface

dectricd, 67
standard user interface, 215

interl eaved | ongi tudi nal recording, 195

Internet protoca (1P router, 369

IQP(InstalationPoductivity Qotion),
315

IS (intelligent printer datastream, 205

IR (initia programl oadi ng), 106

i pm(i npressi ons per minute), 206

I PX(Internet Packet Exchange), 371

IEN(integratedservicesdigita net-
work), 69, 355

I O(International Qganizationfor
S andardi zati on), 64-65

I SV (i ndependent sof t ware vendor), 109

ITUT(International Technical Uhion-
Tel econmuni cati ons), 355

J
JA_ (jobcontral | anguage), 281
JEX2 (Job Entry SQubsysten), 88, 276, 280

K

Kahn, M, 168, 437

key terns, usedinthisbook, x

K5 (key sequenced dat a set), 322
KSJ(secure key storage unit), 133-134

L
LAN(l ocal areanetwork), 10-11, 12-13,
331-337. See al so networks
LAN adnini stration, 285
LANclients, 333
LANF | e Servi ces/ ESA 285
RS 6000 LANs, 14
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LAN Resour ce Ext ensi on and Servi ces
(LANRES), 283-285, 334-335

LAN SubsystemGont rol | er (802. 3),
359- 360

Language Envi ronnent for M/S and W]
237-238

| at ency, 169

| ease (term capitd, andoperating), 436,
437

leasedline, 65 372

LED(light emtting di ode), 206-207

| egacy dat abases, 16

LIC(licensedinternal code), 51, 534,
121

licensing. Seesoftwarelicensing

lineprinters, 204-205

l'ink speed, 164

link, 151-152, 155, 166

list structure, 87

l'i thography, advanced, 26

LLA (Li brary Look Asi de), 272

lock structure, 87

| ocki ng t echni ques, 83

| ogical operation, 27

| ogical partition(LPAR, 37

logica unit (LY, 167

| oop t opol ogy, 164

| ow address protection, 122

M

nachi ne cycl e, 26, 121

nai n nenory. See storage: central

nai nfrane, xv, 35

nai nt enance cost s, 432-433

nanageabi lity, 43

MAS (mul ti access spoal ), 276

nast er node, 167

M (negabi ts), 171

MB (negabyte), 34

MOQU (mul ti syst emchannel communi ca-
tionunit), 149

MM (mul ti chi p nodul €), 28, 29

neasur ed usage, 438

nedi a i nventory, 79

nenory. See st orage
nenory circuit, 115
nessage frane, 69
net adat a, 255
netal particle nedium 195
nmicrocode. See LI C(li censed i nt er nal
code)
nicr oprocessor s, 98, 100- 103
nni di sks, 304
MPS(mllions of instructions per sec-
ond), xxi, 10
MC (nonthly | i cense charge), 437
Mbdel 900 Ext ensi on Lhit (3746),
367- 369
nodens, 38, 371-373
nodes. See oper ati ng syst emnodes
nodul ar prograns, 232
nodul e, 232
nonolithiccircuit (MQ, 19
MCSSE (mai nt enance and oper at or
subsystem, 364
not or i nsurance cl ai ng handl i ng, 79
Move Page, 275
MAP (nassi vel y paral | el processi ng), 42
M3 (Message and Queue | nterface),
345, 346-347
MR (nagnet oresi stive), 195
MBC (Mul ti SystemQoupling), 88
MBU(nil | on serviceunits per hour), 437
MULC ( Measur ed Usage Li cense Char ge),
438- 439
nul tiapplicationsupport, 312
nmil tinedia, 5. See al soenterprisemiti-
nedi a
characteristics of, 352-254
nul ti processing, 19, 37
N-way nul ti processors, 97-98, 128
mul ti programmi ng, 57
nul tiprotocal, 12
Mul tiprotocol Transport Networking
(MPTN), 349
nul ti user systens, 22, 56-57
mul ti vendor technol ogi es, 12
Nhays di stri but ed nul ti vendor net -



wor ks, 352
product s supported (Systenvi ew), 396
MB C(MG I Uhiversity Systemfor
Interacti ve Gonputi ng), 327
M/S consol eintegration, 95
MS(MiItipleMrtua Systens), 6, 43.
See al so ESA (Enterpri se System
Architecture); M/S ESAoperat -
i ng system programming | an-
guages and toadl s, 243
support servi ces, 243-244
MS DTTO(MSDatalnterfil e Trans-
fer, Testing, and Qperations
Uility), 287
M/ ESA operat i ng system 265-288.  See
al so JEX2 (Job Ent ry Subsyst en)
hi story of (C5 360), 265267
M/S/ 370, 268-270
WS ESA, 272- 275
M/S/ XA, 270-272
Syst emProduct (SP) Base Gontrol
Program(BdP), 280
\ersion 4, 275-278
\ersion 5, 278-288

N
N-wvay nul ti processors, 97-98
nanosecond, 26
National Medal of Technol ogy, 22
Nati ve System((C5 node, 58-59
net present val ue, 435
Net SP (I BMINet wor k Security Progran),
400- 401
Net M ew 339
Net M ew Access Servi ces (NVAS), 401
Net Vi ew DM MVS (Distri buti on
Managenent / WS), 393
Net Vi ewfor M/S ESA 280
Net Vi ew Per f or nance Monitor (NPV),
398
Net Vi ew Renot e (per at i ons Manager
for WS/ ESA 394
Version 3 for MY ESA 401-402
Network F | e System(N-S), 290, 396
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Network Job Entry (NJE), 308
Net wor k Queui ng Syst em( NQB) / M/S,
293
networks, 10-11, 12-13. See alsocentral -
i zati on; Bhernet LAN LAN
(locd area
netvwork); (pen B ueprint; protocal ,
communi cati ons; SNA (Syst ens
Net wor k
Achitecture); SSA(Sria Sorage Achi-
tecture): netvark characteri sti cs;
Net Vi ew
| BMINet wor k Security Program
(Net P, 400-401
net wor k nanagenent tasks, 218, 394
net wor k servi ces, 218
newage, Xxii-Xxxiv
N.Q(near-letter-quality) node, 203
node, 166- 167, 332
Nol an, Norton & Co., 432
nonvol atil e storage (NS, 172, 175
Novel | Net Vére Server, 333
nuneri cal |y i ntensi ve envi ronnent, 13
Naay famly, 1BV 352
Mul ti network Gontrol | er Mbdel 950
(3746), 369-370

(0]
(yj ect Technol ogy Lhi versity (OY),
I BM 244
obj ect -ori ent ed devel opnent envi ronnent ,
6, 215
obj ect technol ogy, 7576
obj ect-ori ented programm ng (CP)
devel opnent tool s, 241-244
SystenM ewfuncti ons, 389
GficeMsion, 222-224
QTP (on-linetransacti on processi ng),
93, 108, 240
CM5 ((hj ect Managenent G oup), 242
Qpen B ueprint, 12, 73-74, 216-220
Network Servi ces, 344, 348-351
Syst ens managenent, 355- 356
pen Server Sof tware G5 390, 443- 445
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(pen Sof tware Foundati on (C8F), 24
G- DCE (D stri but ed Gonput i ng
Ewvironnent), 73, 290
open systens, 23. See al so Qpenkdition
envi ronnent, 214, 215
(pen Systens Adapter (&8, 72, 306,
370-371
(pen Systens | nt er connection (CH),
64
standards, 14
opervd stributed server, 111
QpenEdi ti on
for M/S and Wloperati ng systens, 6
for VW ESA 309-311
M/ ESA, 74-75, 288-294
product s i ncl ude (li sted), 291-293
e | adUilities, 239
operability, 219, 288
operating systemnodes. See al so operat -
i ng syst ens
Base (pti on, 58
ESA 390, 59
ESA/ 390 LPAR 59-61
Nati ve System 58-59
physi cal |y partiti oned node, 61-62
operating systens, 6, 43, 51-53, 54-55.
See al so M/S/ ESA, W ESA, and
VSH ESA operati ng syst ens
A X/ ESA, 326
D stri but ed Processi ng Progr anmi ng
Executi ve (DPPX)/ 370, 328
MB C(MG I Whiversity Systemfor
Interactive Gnputing), 327
TR (Transacti on Processi ng Faci lity),
327
operationa applications, 254
operational path, 339
operations (and network) nanagenent ,
394- 397
(perations Aanning and Gontrol (APQ/
ESA 407-408
(ptical Library (3995), 189-190
G derLink (1BV), 450

s 2
PU/1for (52, 238
M sual Gen, 240
(5 390. See (pen Server Software
s/ 390
OIMA (Qpen Transact i on Manager
Access), 251-252
outright purchase, 435

P
packagi ng, 29-30
packet and packet - sw t ched net wor ks,
68- 69
page, 37
page printers, 205209
page protection, 122
page space, 118
page tabl es, 115, 117
pagi ng, 118
Para | d Enterprise Srvers (9672), S 390,
103- 108
cost, 145
neasur i ng perf or nance, 142- 143
peral | el processing, 36, 42-43
Paral | el Query Server, 252-253, 446
para | € servers, 445 446
parall € sysplex, 22, 43-44, 82-84
Paral | el Transacti on Server (PTS), 106,
108- 110, 253
neasur i ng perf or nance, 140- 142
parityinfornation, 170
partition, physica, 128
partitioned data, 91
partitions, 265
pass t hrough, 366
payback period, 435
paynent, nethods of , 435-438
PQ Server 500, 6, 77-78
cost, 145
neasur i ng per f or nance, 144
Systent 390 (PC SERVER), 110-114
Peer -t o- Peer Renot e Gopy (PPRO), 423
pel (picture e enent), 207



per f or rance managenent, 397- 398
per f or nance, neasuring, 134-144
peripheral's, 39-40, 147
physi cal |y partitioned (5 node, 61-62
pipelining 121
pl anar board, 32
platform choosing, 7
PCR (power-on reset), 106
port, 167
PCE X (1 EEE Port abl e (perati ng System
Interface for Gnputer Ewiron-
nent s)
standards, 14, 75
PCH X-conpl i ant appl i cati on program
mnginterface, 277
Power/ Gol ant D stribution Lhit (9027),
38-39
POMRparal | el systens, 13-14
PPRC (Peer -t o- Peer) opy, 183-184
PR SVI(Processor Resour ce/ Syst ens
Manager), 37
pricel perfornance, 2, 7, 23
print band printing, 204
print nanagenent, 396- 397
print server, 335
print serving, 284-285
printers, 202-209
privileged frane, 166
pr obl emnanagenent, 398- 399
processi ng nodes, 14
processor architecture, 114-130
hi gh-end el enent's, 128- 130
| owend el enents, 119-124
n d- si zed el enent's, 124- 128
processor technol ogy, 24-29
Processor Assist Facility (P, 4. See
al so SAP (syst emassi st processor)
processar contraler, 38
processor units, 34-35
producti on cycl es, 2
programi nteracti on, 215
programportability, 214
Pr ogr ammabl e Wr kst at i on GCommuni ca-
tion Servi ces/ MS 283
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pro ect teamand gui del i nes, 3-4

pronpt ed query, 226

proprietary (architecture), 288

protocol , conmuni cations, 62, 67-73
nul tiprotocal, 12

PRT (peri odi c resi dent testing), 185

PS 2 systens, 12-14, 156, 333
inalAN 333-337

PS.C(Paral I el Syspl ex Li censi ng Gharge),

438, 439-441
PST (publ i ¢ sw t ched tel ephone), 372
PU(processor unit), 29

Q
(BE (Query- By- Exanpl ), 226
BAM(queued sequenti al access
net hod), 281
queries, 220, 225226
Query Managenent Facility (QW), 224

R
RACF (Resour ce Access Gontral Facility),
88, 280, 400-401, 428-430
r ack- nount ed processor unit, 34
RAl D (Redundant Arrays of | ndependent
D sks), xxv, 49-50, 169-171
RAM (randomaccess nenory), 47
RAMPC t echnol ogy, 49-50, 171-177. See
al so DAD(di rect access storage
device); RAD
(Redundant Arrays of | ndependent O sks)
305 RAMAC, 16
draver, 171
features, 172-174
rack, 171
RAMAC 2 Array DASD, 175-176
real -tine data, 255
reconci | ed data, 255
Record Level Sharing (RS, 417
records, 225
Redi scovery/ M/S and Redi scovery/ 2, 239
registers, 47, 116, 121
access, 22, 116
base cortrd register, 116
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Renot e Channel Ext ender, 90

Renot e Copy, 183

Renot e Job Entry (RIE) Facility, 342-343

renotesiterecovery, 9%5. See also
| MY ESA Renot e St e Recovery;
RR(Renote Ste Recovery)

renot e user, 65

renot e workstationcontrol ler, 62

resi dua val ue, 436

Resour ce Measurenent Facility (RWF),
395-397, 411-412

Resour ce (bj ect Dat a Manager (RCDV),
401- 402

restore operations, 420-421. See al so
di sast er recovery and recovery
firns

RA (radio-frequency i nterference), 151

rigtsizing, 911

R SC Syst emt 6000 product |ine, 13-14,
214

router, 167

RPC (Renot e Procedure Gal ), 345, 346

rpm(revol uti ons per mnute), 171

RPS(rotati onal positionsensing), 181

RS 6000 systens, 13

RSCS ( Renot e Spool i ng Gomuni cat i ons
Subsyst enm), 307- 308

RSR (Renot e S te Recovery), 251

Runti ne Envi ronnent (RTE), 263

S
SAA (Systens Application Architecture),
214
SAA Common Communi cat i ons
Support, 350
SAA conpl i ancy, 234
SAA Syst enVi ew End- Use Di nensi on
Consi st ency Qui de, 390
SAP (syst emassi st processor), 29, 94, 124
Processor Assist Feacility (PAH), A
scaadlity, xix 43
SE (systemcontrol el enent), 125
scripts, 258

L3 (Sl | Gonputer Systens I nterface),
163
1 C(synchronous datalink control ), 68
seanhess interoperability, 219
security, 399-401
Security Srvice, 291
security, system 418-431
archiving operations, 421-422
backup operati ons, 420-421
di saster recovery and recovery firns,
422- 424
Peer -t o- Peer Renot e Gopy (PPRO), 423
products, 427-428
restore operations, 420-421
threatstosecurity, 425427
seek tine, 169
segnent tabl es, 115
sequentia patterns, 260
sequenti al processi ng, 220
sequentia staging, 181
seria channd's, 14
serpertineinterl eaved | ong tudi nal
recording, 195
server and super server, 8, 296
servi ce centers and agreenent s, 449-451
Servi celink (1BY), 450-451
FS(Shared F | e System, 304
shared area, 314
Shar ed Queue Support, 88
Sgnalling and Gntrol A ane, 354-355
9 M(servi ce i nfornat i on nessages), 185
si ngl e syst emi nage, 128
sing e-si de processor, 97
si ngl e-user system 56-57
S PRO(Systeminstal | ati on Productivity
otion), 315
dice o ting 57
SWP (symnmet ri ¢ mul ti processi ng), 42
NA (Systens Network Architecture), 14,
64, 214
SNADS (SNA D stri but ed Servi ces), 342
socket s, 310
softvare, 51-54. See al soapplication



prograns; devel opnent toadl s;
operati ng systens
choosi ng, 4-7
cloning, 93
conpati bility, 211-220
cust omdevel oped, 6, 221, 233-234
software architecture, 212
sof tvare | i censi ng, 436-441
sdidlog ctechno ogy (T), 18
SOMbbj ect s (Syst emChj ect Mbdel ) for
WS, 242
SONET (synchronous opti cal network),
352
Sony Qorporation, 79
2 systens, 13-14
space nanagenent, 418
spatia reuse, 165. 168
S (singl e point of contact), 446
spread spectrum 5
SPREADt ask force, 16
QA (Sructured Query Language), 226,
248
SQ/ DS (SQ/ Dat a Systen), 249- 250
SRAM(stati c randomaccess nenory),
25-26
SSA(Seria Sorage Achitecture),
network characteri stics, 166-167
SSAl ndustry Associ ati on, 163
staticpertitions, 317
stationcontra unit, 40
STO(Segrent Tabl e Qigin), 116
storage. See al so DASD(direct access
st orage devi ce); storage nanage-
nment; RA D (Redundant Arrays
of I ndependent D sks); RAVAC
t echnol ogy
addressi ng, 115-119
cache, 47, 48-49, 83, 119-120,
128- 129
cache managenent, 173-174
cachestructure, 87
centra, 37, 47, 122, 149-150
control storage, 121

xX, 163

I ndex 479

di sk storage, 168
expanded, 21, 37, 47-48, 149-150, 272
external , 48-51
hi erarchy, 45-48
optical, 50, 188 192
subsyst emst orage protection, 41, 94,
122
tape, 39-40, 50-51, 192-201
tapelibrary dataservers, 196-200
tape (nagneti c) subsystens, 200- 201
tape nodel s 3590, 194- 195
Sorage Gntrol (3390 and 3380),
177- 185
storagedrector, 177
st or age nanagenent, 395
structures, 86-87
Subnet wor ki ng, 352- 354
Subspace Goup Facilities, %4
substrate, 26
subsyst emst orage protection, 277
super conput er, 133
SupportLink (I1BV), 450
swappi ng, 118
sw tch topol ogy, 164
syspl ex, 275
Syspl ex Qper at i ons Manager for
WS/ ESA, 403- 404
Syspl ex Ti ner, 89-90
syst embus, 123
systemcl ock, 26, 121
SystembDat a Mover (SDV), 424
SystemD spl ay and Search Faci ity
(SbsF) for WS ESA 409
systemfail ure, guardi ng agai nst, 418-419.
See al sosecurity, system
Syst end 360 and Systend 370, | BV) 16-22
PS 2 Syst end 370 Channel Adapt er, 333
Syst ent 370 Ext ended Architecture
(370- XA, 21, 270, 299
transitioningto Systeni390, 78, 300
Systemt 390. See al so | BM ESA (Enter-
prise SystemArchitecture); MS
(MitipeMrtud Sorage);
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Syst ent 360 and Syst ent 370

busi ness opportunities, 24
choosi ng your configuration, 374-386
enhancenent's, 40-41
ES 9000 famly, 22, 26, 44
introduction, xv-xxi
periphera's, 39-40

syst ens nanagenent, 386-401

Syst em/ ew
appl i cation products, 401-419
benefits of using, 390-401
cheracteri stics, 383
nanagenent systens, 386-390
ob ect-oriented functions, 389
Syst emMi ew Aut onat ed Cper at i ons

Gontrol (AQQ)/MS, 394

T

Tal kLi nk (1BV), 800 phone |ine, 451

tape. Seestorage: tape

target node, 167

Target System@ntrol Facility (TSX),
405- 406

task, 265

TB(terabytes), 196

TOM(t hermal conducti on nodul ), 133

TAY 1 P(Transmssi on Gontrol P otocol /
Internet Rrotoca ), 69, 283

techni cal support costs, 433

Tel econmuni cat i ons Subsyst emGontrol -
ler, 356-358

teraFLCPS, 14

therrmal conducti on nodul e (TQV), 26

t hroughput, 135

external throughput rate (ETR, 144
internal throughput rate (1R,
135-136, 437

ti ne-of -day (T cl ocks, 90

Tine Service, 20-291

tine-sharing, 57, 298. See alsoTSOE
(Tine Sharing Opti or/ Ext en-
Sias)

tine, slice 57

tinetonarket, 2

TLB(transl ation | ook-asi de buffer), 117
token frane, 69
token-ring
network, 331-337
protocal, 69-70
token-ring processor (TR, 368
Token- R ng Subsystem@ntrol | er, 359
topol ogy, 164
training, 447-449
costs, 433
Transacti on Processi ng Perf or nance
Qounci | (TPQ, 135, 139-140
transactions, 221, 246. See alsoapplice
tionenabl ers: transacti onpro-
oessi g
operating systens: TP (Transaction
Rrocessi ng Feci i ty)
transacti ons per second (tps)/ mnute
(tpm, 139
transparent node, 358
Transport Services, 351
trench capacitor nenory cell, 26
TSF(Target System@ntrol Facility),
395
TSOE(Ti ne Shari ng (pti on/ Ext ensi ons),
283
TURBOMYS 100 ATM Adapt er, 263

U
unaut hori zed prograns, 122
uni processor, 37, 97
WN X | anguage, 75, 215
dbx, Clanguage debug, 239
NQS/ MVS, 293- 294
UPS (uni nterrupti bl e power system, 93

Vv

vacuumt ubes, 16

\VAE (M rtual Addressability Extensi ons),
315

\ector Facility, 132-133

MO(Mrtua 1/Q, 272, 281

virtual address. Seeaddress: virtud

virtua disk, 321



Mrtual Mchine (W, 6, 295-297.  See
al so W ESA oper at i ng system
virtua nenory, 19
M sual Age, 235, 243
M sual Gen, 240
Msual Lift (for MS VSE and W), 235,
263
WF (Mrtual Lookaside Facility), 272
S (verylargesca eintegration), 28
W Dat a Spaces, 41
W ESA oper ati ng system 294- 311
featuresincl ude (listed), 300-302
hi story of, 296-299
Qpenkdi tion, 309-311
version 1, 299-308
W SP H gh Perfornmance Qoti on (HPO,
299
W XAMgration Ad, SystemFacility,
and Syst emProduct, 299
VSAM(M rtual S orage Access Met hod),
88
VSE (Mrtual Sorage Ext ended)/ ESA
operati ng system
feauresinclude (listed), 324-326
hi story of, 311-317
Turbo O spat cher, 322
\ersion 1, 317-322
\ersion 2, 322-326
VSE Wr kdesk, 324
VSH SP (VH Syst emPackage), 314-317
VSE/ VSAMf or VM 308
VTAM(M rtual Tel ecommuni cati ons
Access Method), 88-89, 350. See
al so ACF/ VTAM ( Advanced
Gonmuni cat i ons Functi on/
M rtual Tel econmuni cati ons
Access Met hod)

w

vat er - cool ed frane processor unit, 34-35,
161

Wtson, Thonas J., §., xvii

words, 115

Wr ki ng Set Managenent, 277

I ndex 481

Wr kl oad Manager (WM and
wor kl oad managenent, 278, 396
Wrkstation Interactive Test Tool (WTT
and X WTT), 239
vorkstations, 40
ineligent workstati on, 66
renote workstationcontroll er, 62
task (print, view workstation, 231
WRM(wite-once-read-nany), 189
V& (Werkfl ow Server Feature), 258-259

X

X Qpen portability standards, 14

X 25 protocol, 68-69

X 25 TCP/ | P Communi cat i ons Subsyst em
Gntrd ler, 359

X (pen Qorporation, Ltd., 293

X Qpen O stri but ed Gonput i ng Servi ce

(XDCS), 74

XF (G oss System@upling Faci lity),
275

XPQC (Q oss-Partiti on Gommuni cati on
Gntrol), 317

XP@ 4 standard, 14
XRC (Ext ended Renot e Copy), 183, 424
XR- (Bt ended Recovery Facility), 276

Y
year 2000, 239, 251, 444
Young, J., 168
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