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THE STATE OF COiMPUTINGAT LOS AI ..4MOSNATIONAL
LABORATORY FY 1991

hy

I.A. Agins, C. SIomnb, M. ‘i”ruinor.iimi 1). LaIId

ABSTRACT

This studyis im effort to providequimtitativedtitiIconcerningthesIutt of
computingilt theLosAliImosh!utionidLitbortitoryasof ~hcendof Fiscal
Year 1991. 11includesinfmmtion perciiningto theLtiburittory’s
computingequipmentinventory,coststissocitittxlwith theticquisitionand
supportof the l.;ib~)riitt)ry’scomputingeffortsduringtl]i~tfiscalyear,and
infornm[ionrdimxi to the Laborutory”scentralid distributedcomputing
andnclwortiingcupabilitics.

The bulk 01ihedtitawasobtuinedfrom theL;tborimwy’scentralproperty
tint!financialdatabases.Atitiitionaiinformationwasobtaine(ifrom the
C.)mputingd (%mmunicationsDivision’spcrsondcomputeranti
networksupportorganizations.
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1. lnt rodud ion

IIistorica]lj”, the dLIn~aIMIf’orcomputers II:Mbeen most :~cute in the iirt~itsof”
nu~”lwlrweapon desi~n and other programs relating to national secu~.ity.
‘1’hisis still true, particdady in the facl. of additional ~XTJ&%lITIm~tiC

requirements relating to economic competitiveness, energy, and health,
snf.cty, and environmcnt:d issues. There has also been, in recent years,

gro~~’thin a number of’other research areas requiring the use of computers.

.~t I,os Alamos, as the rescwr(h prob;ems have evolved and changed, so has
the computer environment that exists to support tl,em.

It is of”vital import: ~nce,fo~Laboratory. planning, to monitor the state of”
computing at the Laboratory. The pwpoScof this report is to provide hnse-

iine quantitative information about I,aboratory resources currently being

used for computing for this planning process. This report represents the
Labor:itory”s first attempt at approximating the resources involved. ‘l’he

approximations will become more accurate in subsequent years, as the
nu.thodology ~sed is refined. The report should prove useful not only to
Lahor:itory nm[~ngement but also to users of computers within the

Laboratory and external to the Laboratory.

‘i’his report provides a presentation of the data collected regarding computing
rewmrces. These data are presented as follows:

o Section 2 provides information relating to the Laboratory’s distributed
computing.

o Section 3 is a presenti.tion of the Laboratory’s central computing
capabilities.

Section 4 presents an overview of networking activities.



o Section 5 is a breakdown of the Laboratory’s external costs related to
computi[)g.

(-) Section 6 discusses the in-house personnel costs involved in the

support of Laboratory organizations’ computing efforts.

There is also an appendix detailing the data acquisition sources and methods

employed for this study. l’hc reader is encouraged to study this appendix in
order to better understand these methods and the limitations imposed by the

nature of the available data.

Some of the highlights of this study are as fi~llows:

o There are approximately 17.6(IOtotal computers at Los Alamos, of

which 15,000 are person:i] computers.

o The popularity of scientific workstations is increasing, while the
acquisition of minicomputers continues to decrease. There are now

almost 1700 scientific \\’(Ji”kstationsat the Lab. of these, ahnost 1300
are Sun Microsystems units.

o The acquisition cost of the computing equipment in the Laboratory’s

property database is approximately $34831. Approximately $172M of

that total is C-Division property. Twenty other divisions control at
least $3M each of property controlled computing equipment.

o The Laboratory spent mwr 59431 on computer-related procurements in
FY 1991. Of this total, approximately S22M was spent on persor)itl-

computer-related hardware and soflware.

o In-house personnel costs in FY 1991 for the support of the Laborator:; ”s

computing e~orts were estimated at almost $54NL
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Fiyrc 2.0.1. Numberof computersystcmsat LosAlamos.

‘i”c~”!]nt)it)gydctwl~)pnwntsh;I.twdrivel)[hisgrowthin computersystemsat the

i.;ihfmlmr}’.)\s mini- ;md w,icroconl!wersbccumemoreavailable.Laboratorystaff

tt)umlthcmbothii(iC(!lliltC ;Ind cunicnicm for manyapplications.The smallcompuwr

sfSIUIIIS,fron] wmkst;iti(ms [0 Illillist]pcl”cotnptgters,provitieIlliilly functionstililtarc not

;I};iililbi~ u), 11(1[iipprop~iiittfor. ;III(iINN~itsil) provkkd by centralsupcrcomputer

if \ [CIUS.Tiq iut’c incrc;lwd I.Iscrs’pr(xiuc[it’i[y I)cciltlscof thecombinationof a rich

w)ilw;{rccnl.ironmcnlwitil it .:(mduserillk!l”fKe. They are usedfora widevtirictyof
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tosks including program dcvelopnlcnt.Calculations,datacollectiontmdamdysis,and

LhkwmcnlA present.ltionpwpmtion.

2.1. Distributed Processors

A minicompu[cr isdefinedhereusii ccntrd machinebuilt to be usedby multipleuwrs
?’hcy~ypi~~l]yincludea rw~c of;111(!IC:iSC;lpilblt [h;lll il mitinftww or suptnwnpulcr.

VAX machines, from thepow’crfulX()()()-classAwn to the muchsmallermicroVAX.

}:igllreZ.1.] sh~~,sth~mini~t)n~putcracquisitions at the Laboratory. As you can sw in

the groph.thereis a normaldistributionwith thepcitkbeingin the mid 1980s. TIN

wkien risein :99 I is tinwiftciitl risein thatit includesthenew n)icroVAXs (costS5K–

SSK). Thesemini V“AXScanbeseenusconsistentwith themigrationtrendtowards

mm distribq[d computiilg.

I
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Figure2.1.1. Minicompuw acquisitions.



Ilere were it totalof 555 minicomputersnt the Lab at theendof FY 1991. Figure2.1.2
dtpicts thedivisionsowning 10 or moreof thesesystcms.The Iwge numberof

minicompu[crs in C t)i~ isionctinbe:mributcdto theiruseascominunictitionscontrolk

within the In[egriitcd C(mputing .Network (ICN); othersfoi”inthehardwareplatform

;waiktblefor Laboratory-wideUSC.
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Figure2.1.2. Divisionswith 10or moreminicomputers.

Figure2.1.3 shows!hedollarvalue,by division.of theminicomputersfor thosedivisions

with over$1M in installedsystems.Note thatthesefiguresonly representtheacquisition

costof thecentralprocessingurtits(CPUS)anddo not includethecostof !heperiphmi

equipmentsuchM diskandtapedrives. Peripheralequipmentcost..carteasilyequalor

exceedthecostof theCPUS.
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Figure 2.1.3. Acquisitioncostof nlinicompu!ersby divisionswith >$1M in CPUS.

II is interestingto notein Figure2.1.3 thatADP Divisionmnkseighthin the numberof

minicomputersbutrankssecondin thecostof thosesystems.This reflectsthe needfor

thatdivisionto uselarge.robustsystemsfor boththe(!eve!opmentanddeliveryof

Luborito~-wide whninistriitiveappjictitions.Convcrsejy,P Divisionownsa large

numberof moremodestconfigurations,indicutivcof theneedto distributesmaller-scdc

computingoveru largernumberof decentralizedappjicmions.

2,2. Workstations

In 1982and 19S4procurementsfor desktopworkstationsbeganat Los Alamos. The first

of theseprocurementswiIsfor personalcomputers.thehasI expensivemachines.andIhc

nextwasfor more-expensiveandmore-ctipablemuchincscalled“scicnti!lcw’orksti]~ions.””

“j”hesemachinesh~cwnevery popdtirx theLidwratorybecauseof their user-friendly

softuarc(spreudshcas,word processors.andtirwvingtools).theirresponsivecomputing

upabilitics. andtheir low cost. They have provedusefulto a broadspectrumof the

Laboratorypopulation.



l.zo1. Personal(.’0mpuw-s

Perhapsnoothercomputingtool hasfoundaswide a rimgeof applic~tionM the pers(mul

computer.Theserclwivciy inexpensivesystemsarccurrentlyusedfor applic;uions

rangingt’romdu[oucquisitiunamiprocesscontrolandmonitoringto ftnwlciulantilysi~.

tcrmin;ilemulation.andgraphicsprepmition. The advent of thepcrwmd cotnputcr. ill

f;wt,wastheprinxtrycause[tf thedemiseof fhcshilrcd-logicdedicatedwwrdprocessor;It

theLoborworyin themid 19H(Is.

Fromthe initialestablishmentof the 1M4!%rvmdComputeras the Laboriitotys!wldwd
in }982. the numberof personalcomputershasgrownsteadilyto over 15.000. This

numberisalmosttwicetile numberof rcguluremployeesat fhcLaboratory.but includes

personalcomputersfor contrw employeesandfor laboratoryandoff-site use. Figure
~.~oI I ~h(~wswhenthe pcrsonulcomputerscurrentlyin thepropertydatabasewere. .

acquired,As cm be seen,[heApple Mucintoshhasgrownin popularityover thelastfew

years. This CM beittwibutedto its icon-drivenuserinterface,citseof use.andhigh-

qwtiity outputctip~bility. IBM systcmsandIBM clones[ogetheraccountfor

approxi:nwelytwo-thirdsof thepcrsmmlcnmpuieracquisitionsbecauseof the breadthof

upplicmionssoftwareavailablefor them.the “standard”natureof their intetiace

interconnects.imdthelargenumberof peripheraldevicesthatarcdesignedfor easy

uttxhmcrtt. Improvementsto theuserimerfice for thesesystems,asexemplifiedby

SlicrosoftWindows.haveimprovedtheirusability,thusplacingthemalmoston par with

[hehfacintoshinterface.

Anotherinterestingtrendisan increasein IBM clonesystempurchaseswhichcanbe

ascribedto lowerCOSLimproved~rfomxtnce. andacceptablereliability. Systemsfrom

over200 differentmanufacturersarerepresentedin the“Other”cmagoryin thefigure

below.
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Figure2.2.1.1. Personidcomputergrowth(15,003 total units).

The declinein thetotalnumberof systemsacquiredfrom thehighof 1988-1989 may be

attributedm a combinationof budgctxy limitations.!hereutilizationand/o{upgradingof
oldersystems,and tipprnachingsaturation(i.e..anyemployeewho needsonealreadyhas

one).

Figure2.2.1.2showsthedi~isionsowningat least400perscmaicomputers.
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Figum2.2.1.2 Divisionsowningitt Icast400 personalcomputers



h[wwcr. [htsc sys[cmutiitsnormllv includediskdrives, Monimrsi]nt!(~lhcrp~:ripll~”r;ll

dcvicesiir~nw il)ciudd i)) thisfigure.

—————— ——-—-—-.———.———— .-—-— -—-.—— —. .

s3.5m.om

$3.000.000

s2.5oomo

~ -mwu
$2,0m,m

Invosrnmnt $1.xlo,m

sfim.m

so
.. . : ! .- .,.4 . ● ! I t > . . o . ., . “. t... . . 4.. “ .

rnvldal
—-.———. - —— — ———

Figure2.2.1.3. Divisimiswith iIt Iea..l$1M invcsmdin personalcomputers.

Again, it is wmhwhik to notethit$thedivisionwith thelargestinvestmentis not

necessarilythedivisionwith thegreatestnumberof units.

2.2.2. Scientific Workstitionf

Scientificworksttitionsdiffer from personalccmputers in theirgreatercapacity.

capability,andtivailtibili[yof technicalapplications.They tendto operateunderSO:*IC

vuriant of the UNIX operatingsystemandgenerallyoperateaspan of ii lucidarea

network(LAN). Scientificworkstationsm thisstudyareconsideredgeneral-pwposein

nature.asopposedm high-performanceworkstationsthatareoptimizedfor a particular

tusk(e.g..computer-aideddesign,artificial intelligence.grdphics).

Note in Figure2.2.2.I thatthenumberof scientificworkstationsha=increased

significantlyin thepastyear. This risein workstationsisa resultof theadwmcemen:of

thetechnologyaswell asa resulIof thenatureof funding. Aiong with thenew

workstations.however,comestheresponsibilityfor systemsmanagementand

10
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Figure2.2.~.1, Scientificworkstationgrowth(1,682 total units).

Figure2.2.2.2 belowshowsthosedivisionswith morethan50 ScientificWorkstations.
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Figure2.2.2.2. Divisionswith >50 ScientificWorkstations.
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hku]yof ti]csedivkions.suchusXDivishm. dsouscsubstimtialwnoumsof

superumnputcrcycles through the ICN; others, such m P, NIEE, and SS-!”,have Iiwge

investmentsin minicomputers;itndstill othersdo nutoppear[o beh~ii~’yusersof eikr

theccntrd rcsomxs or distributedprocessors.It uppciirstherefore.tha[ for some,

scientificworhuions provideucomp]emcnlitrysetof computingtoolsW thosefoundon

theot!wrsystemsml are usedin conjunctionwith them. Forotherorganizations,the

c;lpiibilityiindctipiwityof theseworkstationsissufficientandcost-effectivefor their

computingrequirements.

Figure2.2.2.3 showsthosedivisionswith investmentsof at least$1M in scientific

workstations. Apiiin.thesefiguresonly includethecostof thesystemunits. In many

c:Ises.theseunitshitvelittle or nodiskcitpxity; theyrely inswd uponfile servers

connectedvia LANs.

S3Soo,ooo

S3,000,000

S2So0,000

Scientific $2,000,000
Work918tion

Value $1,500,000

$1,000,000

$s00,000

$0 -+ -t -+m
CX TAP AT SSTMEE

Division
—

Figure2.2.2.3. Divisionswith at least$lM investedin seien~ificworkstations.

(Lab total for scientificworkstationCP1.Jsis$20.8M.)

Note thatthemostcomputatiomtllydemandinguserstendto acquirehigh-end

workstations.asdo userswhodependuponscientificworkstationsastheirprimaryor

exclusivetool.
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3.0 Ccntrd Computing Capabilities

LosAlamosNtitiorwiLiiboratorymaintuinsthemost powerfulscientificconiputing

centerin k world wilh morethan 103CRt4Y-I equivalentsiivi~iliibleto users.The

cen[erprovidesit rangeof services10clientsthroughoutthenationvia a natiomtl

computingnetwork.

The technologysupportingsupercomputinghtisgrownrapidly. Over thepast4(1years,

someappliciltionshavehadtinincreasein computingspeedof 10ordersof magnitu(!c.
This incretisein computingspeedhascomein altnosfequidpimsfrnmmhumcesin

compumrhwdwim andfrom moresophisticatednumericalalgorithms. In thepastfcw

years,it husbecomeincretisinglyitpparentIhatnew tilgori[hmsandmitssivelyparallel

computerarchitecturesoffer thegre,-W potcntiidfor dramaticperformance

improvements.In iuidition,with increasedspeeti!msconletherecognitionof other

significimtrcquiremcn[sfor Iarge-scitkcomputing:theseincludereal-timevisualization.

whichallowsscicntis[sto “see”physicalphcnornenuandmoreintuitivelyunderstandh

physics;high-speednetworking,whichprovidesconvenientandpowerfulcomputing

capabilityat thescientists’desks;andsoftwarethatfacilitatesdevelopmentof

sophisticatedscientificcomputerprograms.Figure3.1 depictsmajorsupercomputer

acquisitionssince195(1.
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Figure3.1. LANL Supcrcomputeracquisitionssince1950.

Increasesin totalcomputingpowermustbeticcompanicdby correspondingincrcasmin

all theauxiliw-yc;tpahili[its(hutcomposetheCentralComputingFacility (CCF) suchM

theCommonFile System(Cl%, an archivalfile storagesystem),[hcPrintandGraphics

ExpressStation(PAGES, anoutputserver).theFacility for Opcrm;onsControliindUser

Statistics(FOCUS, a productioncontrolsystemfor thesupcrcompu[crs),andthenetwork

thatinwconnectscentralservicesIOensurethcmarc nopcrformanccbottlenecksthat

restricttheovcraIlcapability.



3.1. (%pacity and LJsit~c

Figure 3.1. I shows the growth of the Latwramrysupercomputingciqmbility in CRAY- 1

quivdmh.
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Figure3.1.1. LosAkunossttpcrcomputingcapacityin CRAY-I equivalents.
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Duringthepwix! wncc 1%5 tht com;~wingcapacityhasincreasedby iI factorof 3 and

the Ioitdon the(.9FSandthe nctwurkhtisincrcawdslighdyfaster. This increasein the

nct~tork lriiiiic is dmvn in Figure3.I .2.

Iii f;Y 1991.C Divisitmdcwmxl itsu%.uiklblcsupcrcomptm Iinc item funds10incrcasc

themenwy anddiskstoragecapacityof [hetwo existingThinking Machines

CorporationmodelCM-2 compulers.No new system..wereacquiredin thatyear.which

titicountsfor thehtckof significantincreasein supcrcornputercapacity.

—-.—
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“l-i]isinurcmcin ncl*(Jrk bud rcflcclsthe incrcdx il ~Jththecomputingcapacityand

nwmoryuvailtildeon thesupercomputcrs.In 1985ihe msximurnmemoryon theC“ray:;

Rils4 $lwlmls ( i word = 8 Iyw). “~odaj, the smallestX-MP ha..4 Mwtwdsandthe

hIrgcsI. an ?LproccssorY-MP. has 1211Muords. “i”heThinking MachinesCorporation

CM-2 s}oswm.~i[h Ihc Iwgcstmumon configumtionat the Ldxm(ory, has I Gword. In

wk!i:ion10[hceffecton the K-N scrl”ices.thismemoryincreasehasa profoundimpac!

on thekindsof problcms[hutcimbcmklRs.scdby Laboratoryscientists.

kh)wis the ccnmdsupwwmpu:ingcapabilityused?Figure3.1.3displaysthe usageby

largeprogramaffiliation.

16
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Figure3.1.3. CCF supercompumrusagein centraiprocessorhours.

The nuclearweupcmsprogram,u subsetof defenseprograms,continuesm be the ltirgest

userof supcrcomputingat theLabori:tory.

3.2. The GM of C-Division Services

In FY 1991.$53Mwasspentfor directcomputingservicesfrom C Division. This

moneywasusedby C Divisionto supporttheLaboratory’sCCF and?.’ ‘ Jrat~~-wide

networkingfacilities. This figm has renwincdessentialityunchangedsinceFY 1989.

In FY 1991.56% of !hecomputingrevenuecamefrom theweaponsprogramand 17%

camefrom theDefense.NuciearAgency(INA ) (seeFigure3.2. I ). Thesefiguresare

w.i[hina few percemagepointsof the FY 1989 andFY 1990 percentages.Ali but these

two customerspay accordingto thestwvicestheyuse;theweaponsprogramandDXAO

guaranteea levelof sgpportM thebeginningof eachyearthatcoverstheircomputing

rwcds. BothDNA andtheweaponsprogramprovidefinancialsupportfor theacquisition

of widi~irmitlhitrdwarc. Mitch of thehardwareacquiredfor thecentralfacility hasbeen

fundeddirectly by theweaponsprogram. In FY 1988.DNA purchasd a CRAY X-MP.

whichwasinstalledin (hecentralfacility.

t7
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Figure3.2.1. CCF rechwgcin FY 1991w’ii~paid in theproponionsshown.

‘fhc rechargesystemwasoriginail} de~clopedM ci]~urcthat costsassociatedwith the

operationof theCCi: wererecovered.‘Ihis sy~iwl]~requiresthatuserspityfor centrid

computingaccordingtotheiruseof thefacility. The costrecoveryin FY 1991 wassplit

amongthe various rcsourcmm shownin Figure3.2.2.
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Figure3.2.2. Costrecoveryspiitamongthemsourccs.



‘[fie C-Division bu(igcthtis remainedrelativelycons!iintover thepastsevcrtdyears,WIIh

compu[ingexpensesandrevenucc:rackingcloselysinceFY 1987 (seeTable 3.2.1).

With thechunging[technologies,however,[herehavebeens@ific;mt differencesin how

thebuJgetedmoni:shavebeenallwstiiedin thepnstfew years. Forexample.thecumber

of operamrsin theCCF htisdecreasedbecauseof improvedautomation.In turn,the

budgetfor applicationsprogrammingandnetworksupporthasincreasedin responsem

themigrationtowardsdistributedprocessors.
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I“able 3.2.1. ~-DivisiOn (l{~N) ~olnpu[ing Expcnsts and Revenues

—.. ——
FY 1987 FY 1988 f:Y 1989 FY )990 FY i991.—

FrIts 288 - ~7(j 278 263 ~~(j —-
Kxpenscs

Sulary 14.9 14.6 15.7 16.3 15,2

Burden 11.8 Il. 1 13.4 14.9 14.1

M&s* 11.9 ] ~.~ ]0.6 9.5 8,7

Main[mmct &4 n.1 7,6 7.2 7,1

Leases 1(-).5 l~o[] 10.7 8.2 9.7

Tut..l Expenses 57.s Sn.oy.( )-, 56.1 53.7

Revenue

DOE Defense .)3.3 33.4 33.2 29,8 2[).9

Progriuns

Other Internal 11.6 1~,~ 10.8 }3.6 I 1.5

External 1,9 3.4 2.8 4.0 3.3

DSA 1(?.1 9.(J 8.9 8.8 9.1

Total Revenue 56.9 SKI 55.7 56.2 53.7

XlajorCapital 13.7 !4.0 13.9 12.4 9.4

Equipment(DOE

Nuclearweapons

Pro*ram)

●M&s jsm[criid d SCfVkCS.
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4. Networks and Intcrnctworks

Computernetworksat LosAlamosarca wduablcinstitu[iomdresource.Networksmtike

up[hcfoundationof unimpurtimttypeof multidisciplinaryuolltiboriuiunc:{pabilityat Ihe

Laboratory. Individuals in different disciplines and geographic locations, Iocdly or

around the world. cm intcrictivcly colkdmrtitein real time on projects,from smtillm

grandchallenges.NetworkingisUISOanessentialpartof high-performancecomputing,

This yearthe LosAl:tmosNetworkOpertitionsCenter(NOC) wasfotmedto providea

Lab-widefocusoncomputernetworkinfritstructurcplanningandoperation. Priorto
199z netWorkgr~jwth{excluding[hecentral res(mrces)hasbeenbuiltbusedon

programmaticor groupneeds.The estitblishmentof the NOC wasnecessaryto improve

coordinationof resourceml CO\’Ciil~C dloation.

Fi\’e intcmwwolks,onc eachfor processingopen.administrwive.DOE

sccun:/uncktssificd, D(IE secure/classified,andDoll secure/secretdata,providethe

networkitccessto customers’workmuionsor distributedprocessors(DPs)(Figure4.1.1).

With threenctwxwks,a customercantalk toothercolleaguesor to resourcesat thecentral

hcility. The topolog}~of eachisan Ethernetbackbonerunningat 10million bitspcr

secondconnectingcustomerLANs togetherusingnetworkroutersto sortandseparate

thetraffic. Theseroutersmakesurethattheonly traffic thattraversesthecustomerLAN

is traffic from or to thatLAN. Different tcchno)ogicsm ud to connectLAM to the

backbone(Tbbk 4.1.1).



QWorksrdiwr

%
KstrrrrmlWtworks

(Lf4nd,SShr&Tcdm8Lttc.I

CIMontrr
LA%

(NJTnet

Open Backbone

%irrw~crrrrtil topologyusItw [)prn PmrlIlmnwIlhoIIt ctmncttnms108shrrul mftwtrrks

f\

‘J

Worlwr9

o

Network

[
.Servefs

figure 4.1.1. lnccrrutworkTopology.



Table 4.1.1. LAN Intcrmmcct TechmdogyandCommunicationsSpeeds
!
I I“ype Speed

!krid 56K to 1.5M bps .
! “GS/7”over LABNET 5M bps

Ehemet via rikr I(IMbps
! ~(,kcn Bus over LABNET 10AMbps .

“Ilwsein[cme:worksrunbothI“ransportControlProtocol/InternetProtoco)(TCP/IP - W]

openprotocoldevelopedfor the DcfcnscData Network andwidely usedon mostnon-

proprietarynetworks),andDECnet (a propriet,nryprotocoldevelopedby Digitid

EquipmentCoqmrmkm). They communicatewith thecentralfacility through gateways

calledXNETS thm dlmv SimpleIntermxhine Protocol(SIMP) traffic to flow over

TCP/!P im:lDECnet on theintcmets.The largestof theseinternetsis theOpen

(undussifkd) internet. It connectsover2,742 localnodeson 125networks(Table 4.1.2).

Estimatesarebasedon informalusereportsgeneratedfrom hostandnetworkregistration

duta. There areseveralLAN’s that are notconnectedto [heOpen intcrnetanda..such
theyare not trackedor repmted.

I
Althoughthe.scinterne[worksrepresentthemajorlocalareanetworkingat the

Ltibormory.there is also a significantnumberof othernetworktypes,manyof whichare

notconnectedto thebackbones.TheseincludeNovell, Banyan.Apple, andtokenring.

Them amcurrentlyno reliablefiguresfor these;we arecumntly investigatingthemeans

to acquiretheinformation.
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‘I”ObIC~. IL I.ANI. l.Abls rcgistert!d‘Aith the ~C~~ .—

Division W Networks 1PNodesL
A 3 159

ADP I 69

AT 4 p]7

c 30 – 614–

as I Sb

, CNLS 1 ~~g

EE’3 - 8 111

ENG I 13

}ISE . ~ 63

IGP 1 9

INC 2 Is

IS 1 156

LS 1 42

‘M 1 10

MEC 1 9

NIP 3 11

MST I 1 I 19

N 3 X6

NMT 10 0 (movingm 1Pfrom Banyan)

P 4 227

SST 3 1~~

:–-t+-i-R-
Othcr I ! ( Subnetsusedin interconnections)

The openinterm?tsupportsconnections[(J stiitc im(Jinternational networks(Table 4.1.3)

thatprovideLos Alamoswith worldwideconnectivityfor sharinginfommtion This

globalconnectivityalsopermitsuncontrolledaccessto localsystems.At LOS Alamos.

the NOC teststhevulnerabilityof oursystemsandnotifiesnetworkmanagersof

problemssotheycanbecorrected.The NOC alsomaintains“filters”on the network

rouWs tostopcommonauackmechanisms.

— ———



Table 4.1.3. Open Internet Connections to External Networks

E—

‘Wine Sponsor Connectivity ~

ESnet DOE Global T] (.].544 l’lbS)

NSFnct NSF Globiti 1“1(.1.544robs)

{ NM Technct State Statewide 56 kbs J

‘[k Open intemctis largeundcombinesa diverserangeof upplicotions.The Open

networkiilso contitins the greutcstmge of ~ompetenu in the mwmgernentof kx-d

LANs. Anotherof theNW’s functions is to actasa resourceto helpLAN managers.

Theseneeds are quite ~’aritxtand include Applemlk and Novell network guteways. The

st;uistim in tht fdlmving rublearedltxted by the !WC (m packetsthat travelon the

bxkbmle (thecentralnetworksegmentthw interconnectsthene~worksubnets).Some

traffic wasmissedbecauseLAN-only traffic antiLAN-to-LAN traffic on thesamerouter

doesnottr~versethebitckbone.The DECntt statisticsaresomewchatincompletedueto *

luckof toolsanddocumentationthat decode DECnet packetsto determinewhzt

applicittionsare running. Ilerefore. wc assume95% of the DECnet trtiffic isdestined

for centralfacility resources(becauseof thehistoryof thedistributedprocessor).H%(vI

theitmwcts uxvv]irst M.scd,uII the fruflr wusAwinedfhr !heCC}-.Now only ubtwt h@f
of h’ mu-LM-Cnct trufic isfir theccntt”djucility. The restof ~hetraffic is for service

from LAN m LAN or LAN to non-LANL dcstimt[ions.Collectingstatisticsis a pilot

projecton theopenbackboneandhasnotbeenfully implementedfor otherbackbones.



The Administrativebackboneprimarilycarriestraffic betweenADP Divisionandthe

centralfacitily andsomeUaffw from otheradminislmtivecustomers.‘h

Ztl

—



Administrmivcnetworkhtis39 registeredDECnst nodes.1311>nodes.WI I 1Pnctw[)rh.

Access[o&y is primtirily via the asynchronousndwh ~ia hlicorn switches.

The restof the networks are shown helow. Ihese rwtwnrks have trat;l[ion.illy m hid the

breitd[hof networkservicessuchas1Paccess10PAGES, emui!,d networknewsthdt
the open network has.

The heaviestusedof theremainingthrm h~ckb(mesis h DOE sccurc/cktssificd. lt is

also interesting m note that becauseshercis no dir~”c[ cxtcmal uxmxtion or nccd-[o-

know routerfilteringon theclassifiedandsecretbuckboncs.dnmsr d traffic is t!es(intxi

for the central facility.

Secure/UnclassifiedNetwork Statistics:

-. -.

TCP/IP networks: 12

nodes: 232

DECnet networks: 4

nodes: 61

1Pbreakdownby division:

Division I Networks NodesI 1

I c 7 I

~

163

EES I 1

P I 27
‘r 9 c1

2?

—



95% isI.AN-[()-CCF

H~[ub4hWMU) “1 o . . ..
89.9% is DEKnct

10. 1% is 1P

traffic

DOE SccurcKhsified Mwork Statistics:
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5.1. Laboratory Ihpcndi[urm for Hardware, Softw:we, :Ind Support

During FY 1991. the I.dwrmory sjwnl slightly more Itum WNf tm ctlfllp:ltitlg-rclutct!

cquipmcnlandscmiccs. f:igurc5. I. I ciilegOrizeslhcsc I:Y I(J’JI cxpcndituws. ‘Ilis

compareswith appro~imatclySl(J6M in VY IWO and$]OYM in i-Y IWW,

r .— .——..—.-- ----.-..-—...—.--,I
1“ Swwcos i

I
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i
‘\, f

Mmnlmance I

i

S13.6M‘-” ‘ i
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i

I
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Figure 5.1. I. FY 1991 computing

I

—.--—-.--—
cxpcndilurcsIolalcd9)4.3%1.

Of the$56.WI spentondirectpurcha.wsof equipmentandsoftware,S;4M wascupit;d

money.S3.4%4wasmoneysentm Ihc Laboratoryby externalagencies(rcimburs~bk),

ml the rcm~ining $29.4M wm charged10opmting cxpcnsc.Scnricesexpenditures

includesoftwaresupp[mconlractsandcompwcrlime acquisitionsfromcommcrciul

cnmpanies.

Of theS94.31M.C Divisionspent$41.6.Min supportnf itsactivities.kwgdy in supp(m(Ji

thesupcrcompuws.The rcmainingS52.7iMwasspentby themhcrdivisionsin the

Laboratoryfor [heircomputingrcquircmcntsoutsi[k of C Division. Figure5.1.2

comparestilesecxpendi{urcsby culegowinsideandoulsideC“Division.
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Figure5.1.2. Computing costsinside vsoutsideof C Division.

Figure 5.1.2 shows thattherein significant expenditures on direct purchasesof

computing equipment and software throughout the Laboratory. Vittually every

organizationalentity in theLzbormoryhad cmwputing-reiatedexpen.scsduringFY 1991.

An examinationof thosedivisionsthatspentmorethan$I!W revealed14divisions

(excludingC Division) spendinga totalof $24M (Figure5.1.3).
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Figure5.1.3. EquipmentandSoftwatecxpcnscsin FY 1991 for thosedivisionsthat

spentmorethan$IM (C Division’sexpenses.notshownabove.were

$l!$.97M).



5.2. ‘l’he (:ost of Scrviu!s

I;IgUm 5.2. I rcprcscntstheCXJS[l~fvariouscomputer-relatedst!rviccs.excludingIiiirdwiirc

nminkmtncc scrviccs,by division for thosedivisions thitt spent$ I ()()K or more. These

includesuchwviccs tisdutuprcptiro[ion,progriirntievelopmen[.grtiphicsservices.and

uomnwrcitiltinwsharing.
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[{~pcnditurc for computer-rcl:ttcd servicesfor thosedivisionsthat

spentmore than $i(M)K tC-Division expenditures,notshownIwre,

wereS3.93M).



53 ‘1’hc (;OSI of Maintenance. .. .

~igurc 5.3.1 depictsthecost of cwnputcr-rclmd mintcmmc

spentover $100K.

services fOr divisions 111;11

--- ———...-—-. -—--- ——.— .. ——.— ..—— —
!

I
I

I

I

1

S7mCm

$Em Cu3

mm

S4alixll
hl~ Ql@s

$xo CuI

sxom
$Icoau

so

———

kllhm
X ADPW AT WX SS7 J ~ ffi M T A ~W N P Is HSi

——— —...——- .——.

Figure 5.3.1. Di\isions spendingover $l(X)K for maintenance services{C-Division

expenditures, not shown here. were $7.8HM).



5.4. I“he (:t)st of I. WISCS

f:igure 5.4. I shows the divisions incurring mainfrimc computer-related kasc costsduring

——— —.— —...——
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Figure5.4.1. DivisionsincurringIcu.seCOSISin FY 1991(icasingcostsduringFY

11991for C Division were $13.77 M).

Lmsing is considered a viable alterntitivc tIIIly under cer~ainconditions. These include u

short .tcm~requirement in which purch~scis not necessary;instancesin which~he

tcchndogy is changingr~pidy d obsole~*cnccwouldrecur beforetheusefulIifc o! the

equipmenthaskm exhausted;andwhencapitalequipmentfundsart unavailablefor the

purchaseof anexpensiveitemof equipmentthat is programmaticallycritical.

For theseandotherfinancialreasons.kasing hastraditionallybeendiscouragedat the

Laboratoryfor anythingkss thana majoritemof cquipmem.suchassupercompulcrs.



6. In-House PersonnelCosts

Byfar, themosttiiffkult fiyrcs to obtainfor thisstudywe thosefor in-hmtsc personnel

costsrelated m tile supportof the Lxibcmmwy’scomputingefforts. The informationin

I“able6.1 is derivedfrom the Laborwory’sinput[o theDOE InfommtionResources

XIwmgmwnt(IRM) Long -kmgePlan. These figures only include those personnel who

wpporf the compuIingeffort. and do no; include personnel who (Jdy IKC computers.

Table 6.1. In-House PersonnelCosts
SoftwareDevelopment $37.008,000
ADPE Ope- rations 6.721.000
ADPE Jlaintenimce 2.331,000

ADP SmdiesandOther 6.753.000.——..
SoftwareStudiesandOther 1.096.000

TOTAL $53.909,000

The definitionsfor thesecategoriesareasfollows:

Software Development Pcrsormclcostsrcl~[ing m the pkmning.design,

development,testing. conversion. ml mtiimcnwwc of

softwareuseda! the site.

ADPE Operations Personnelcostsrcla(ing to the operationanduseof

Au~omaticData ProcessingEquipment(ADPE) for

productionwork.

ADPE Maintmmce Personnelcostsdating to he in-house maintenance of

ADPE.

ADP Studiesand Ohtr Personnelcostsm mmtgc Or @orm services and

tasks including hardwarefeasibilitystudies:ADPE

acquisition.selcc[ion.anduse; intemd ADPE

consultingsewices:tnining of in-housepersonnelin

theU.Uof ADPE; contingencyplanningandsecuri~y;

andotherADPE=rcla[edpersonnelcostsnotreportedin

othercategories.



Software Studies and other Pcrs(mnulLO(MIS10nlimtige[w pcrftwm wrt.i~”csJId

IUSLS Inc-ludingsoftware fcmibility studies;soflwwc

acquisition, .sclcclion.A use; inwrnul soflw iiIX

consulting scniccs; truining of in-house pcrwmncl in

lllc useOfwflwure: anddwr WflWilR!-rC!ldttd

pcrswmcl costsnot reported in other categories.

Becauseno consiswm. quuntifidde data exist, these figures ncces:tirily arc best

mmtgenxmt estimtites. JNOIMWICSS,it is appurcnt thatIhc Laboratoryc.xpendituresfor

in-home support of computingreprcsenfs~ significantpxsmncl anddollur investnwnt.

.U1



Appendix: INotcson Data Gathering Tcchniqucs and l.in~itations

The informwion in this report was obtained from two primary sources:chcLaboratory”s

PROPMA!UpropertydiltithtiseitntltheDDA accountingsystem.The following describes

the methods u.scdto extract the data and the limitations with regard to completenessand

itccuritcy.

mlsfAl

In both C;lSCS.the daut were extritctedml downloaded to titbles within a Microrim. Inc.

R:Ba.wfor DOSdumbitse.Onceloaded.columnswereaddedfor divisionidentifier(e.g.,

%0for C Division) wd a division name. “W identifier itnd name were derived from the

field or fields in theoriginitlextractsthittcontainedcostcenterinformation.

PROP,MANis [heLaborittory”spropertydatabase.It resideson a ControlData

Corporation(CDC) CYBER system.designatedMachineN. PROPMAN is in the form

of u SysWll 2(W tltilaba.se.

it would have been ideal if oneCOUMhmc keyedon a singlefield to extractall ADPE;

howeverno suchfieldexists. 1[was[hereforenecessarytoconstruc~a queryusing[he

availabletlcldsto attempttocxtrmuM manyof therccortkof interest as possible.

Thai queryrequested[heinfomutgionon recordsIhitt~cre codedasBSA “5” or BSA ‘“E”

(ADP capitalequipmentpurchasedwith Labcapititlor ~imbursablcfunds).or records

codedM “R” or “Z” (ADPJ crders.or ordersbeginningwith “PIS”or “MR” (in-housePC

Storeorders).or ordersfor whichthetlcscrip[ionwas“ComputerPersonal.’”

“Ilis Ru.mwd approximately 3WOfl recordsof pruperty-nurnberctlitems. The download

of thisinformationrequiredtwo passes.This was due to the limitations imposed by

System 20MJ on the total number of fields and/orthetotalnumberof characters[hitta

“’lis[”commandcanrc[um. The firstpassreturnedthepropertynumber.description.

acquisitiondocumentnumber.th monthandyearreceived.thegroup.CGSI.and

technicalmca location. The secondpass (usingthesamequery)retumcdtheproperty



n~mltwr (iI WWXi time), model, manufacturer. building. androomnumberfor [he

cquipmcnto

Etichd thw ptisseswitsh)itdd into itsown R:Basetable. A rdtitiond “tmitm’”

operation wits then performed 10urcittea new table with a shgle record containing all

fields from the two smlr~e tables by usingthepropetiyrmrnberitsthecommonfield.

After this “mmter table” was built. a tally operation was performed to gcnerutea uniyuc

listingof descriptions.Becausesomenon-ADPE ispurchasedunderADP-related

procurementwxivitics,notall itemsdmvnkxdcdwereADP in n~turc. These ‘ncluded

televisionsets.safes.generators,etc. An operitior wtisperformedm eliminfitethe ron-

ADPE. mulling in the diuabaseshrinking n) approximately 35,700 items.

Becausethere is no datadictionary support in System 2000.”there are no standard

descriptions. This ncccssitmedon cxten~ive ckmup of that field m createsuchstandard

descriptions.Everyeffort wasmadetodeterminethenatureof the equipmentitnd

est~bl;sh stwxhml rwrnenckttumby checkingthe munufticturcr, modelnumber. andcost

fields m~ consultingthemwwfucturcrs”cuts!ogsandothervendormaterial.

E\( ~,;~ftcrthe.~ at:enlpts,st)meltwcl of incomp]etcnessexists. The majorcategory

consistsof those ADP itemsof equipm‘m tha(arc notirl thePROPMAN databa..cat ali.

The property rnarmgcmcntregulationsexempt the majority of Iow-vdtte equipmentfrom

propertycontrol. This includes most of the computer displtiy monitors, pointing devices

suchasmice.keyboards. and some other periphcrid equipment.

Similarly,softwareis notpro~rty controlled:no figuresam thereforeavailablefor the

nature.volume,or dollar valueof thi~indispcnmblecommodity.

A furthercomplicmionexists in dctermin:ngn standardnomenclaturefor equipment. At

whatpointisa personalcomputer a workstation.or a workstationa minicomputer’!In

thatsame~ein,someworkstationscanbcconfiguredasLAN tile servers,andare

thcrcforcdistinguishedmoreby uscthanhardwarecharacteristics.In theseca..cs.“best

cslimate”wasthegUidC.

J%



The financialfiguresusedin thisstudyweredownloadedfrom theLaboratory’sDDA

wxmuntingsystcm. In iill cmes, thesefigures reprc.sentcmwc! ~ . (Ihe vuluc of

the contractover its term). asoppo.scdtow (checkswritten) for FY 1491. This

distinction, in one scrtse.is impormt becuuseobligtitims cm (wd frequently do) span

tlscal year boundaries. Jnwmlher ,scn.se.however, the difference befwecn obligation and

cost losesimportance bcctiuseit “Washes”xross fiscal years. Becausethis study is

intended cobe publishd annuully. it was fell that the DDA daIa were as good ii sourceM

Commitment !.$ystemcosting information.

Ile DDA dutu are initially in the form of an rdb dtitabaselocated on a MAT-controlled

DEC WAX system. A query was performed to extractall recordsin which the order type

was ‘“hi”(lnaint~nan~e), ‘“R.”or ‘.2” (A DP-reluted), or the buying group WM hfAT-6 d

the order typewas .“L’-(lease) m ‘“X” (bkmketorders).

% c~chrecord. the purchmeorder number. vendor nwne. cost center. program code.

parenthetical (for capital equipment items), expense type. total order amount. group.

description.andorderdatewasdownloaded.This resulted in an R:BMc tableof

approximately 14.000 records.
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