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Abstract

We describethe designprinciples and implementation
of a tool to be usedas Resouce Manager on arbitrary
networksof workstations. It evaluatesboth statically (off-
line) and dynamically (on-line) the computationalpower
and workload of eadh nodein the network,in order to se-
lect the mostperformantcomputes after eac application
requesfor taskspawningo thenetwork.Thetool is acom-
ponentof a systento implementParallel Virtual Libraries
on hetepgeneousetworksof workstations

1. Introduction

Technologyevolution togethemwith market pressurénas
madeit possibleto exploit networks of workstationsaseffi-
cientsupercomputingools. The high speedhetworks con-
nectingincreasinglyfastersystemsmay now substituteex-
pensve parallelsupercomputerat a fraction of their cost.
Giventhe non-homogeneityisually presentn this kind of
nets anefficientdistributedprogrammingervironmentwith
a specializedcompetenceén scalingand locating parallel
applications,able to maintainload balancingamonghet-
erogeneouworkstationsjs neededto obtainthemaximum
efficiency.

Various researchfields rely on efficient solutions for
computationallyheary problems.Suchapplicationsare of-
ten madeportableby usingmathematicasoftwareparallel
libraries, which are optimizedfor the underlyingarchitec-
ture. Many suchlibraries have beenwritten specifically
for parallel supercomputersAs of today a similar effort
hasnot yet taken placefor networks of workstationsthere
arefew ervironmentgshatsupportaneasy—-to—usaccesso
heterogeneoudistributed systemswheremathematicali-

brariesare available, with transparenticcesdo resources.
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Usually, eitherthey have a complex userinterface,or they
have limitationsin architecturalupport. The goal of pro-
viding and supportinga Parallel Virtual Library for arbi-
trary networksof workstationsjncludingtheheterogeneous
ones,is still far from beingachieved. This researchareais
thus a most promisingone where novel systemsare now
beingproposed.

It isimportantto identify thehardware/softwareerviron-
mentin which to operatethe featuresof the parallelappli-
cationsto be managedand the resourcemanagersystem
propertieswhich are desirable before selectinga specific
design.

As for hardware/softvareenvironmentwe considel AN
of workstations,asusually availablein R&D laboratories.
They are composedy a few tensof hosts,with different
degreesof homogeneity As discussedn [1], threekinds
of heterogeneitganbe consideredthatis: Configurational
(hostshave the samearchitecturebut different configura-
tion), Architectural (executablefiles cannotbe exchanged),
andOpeimting SystenheterogeneityCompletelyhomoge-
neoussystemsare seldomfound, but at their initial pur
chase.For example,a Pentium-basethboratorymay soon
becomeheterogeneougjueto CPU update,memory/pe-
ripheralextensionsandso on. Two laboratorieshave been
consideredthe oneof the IMA-CNR andthe studentab of
DISI. Thefirst oneis highly heterogeneousothin config-
urationandarchitecturewith differentUnix-lik e operating
systems. The secondone is composeddy about45 Pen-
tiums, from 133to 350 Mhz, with differentconfigurations,
all of themrunningLinux.

Thekind of applicationsconsideredarethoseusingpar
allel libraries,eachfunctionof whichis implementedising
SPMD or master/slae paradigm.Thatis, eachprocesgex-
ceptfor the master)executesthe samecode, and exhibits
a similar computational/communicatigorofile. Thus, our
resourcananagemergystermeednotbeageneraburpose
one.

In orderto identify which computationakesourcesare
to bemanagedwve first consideredhepossibility of having



the exclusive useof the network (e.g. night hoursor week-
ends).However, this choiceresultedunacceptableowners
of workstationgdedicatedo researctprojects(e.g. power-

ful Indigo for graphicalapplications)werewilling to give

accesgo othersduringidle periods,but would bereluctant
to establishn advancetime periodsduring the weekwhen
theirworkstationsvould be availableto others.As aconse-
guencewe decidedto designa systementirely working at

userlevel, which doesnot requirethe exclusive useof the

network, "light” with respectto executiontime overhead,
installationdifficulties,andeaseof use.

The systemwe designed,with the supportof a CNR
grant,hasbeemamedPINCO?(Programmingervironment
for Network of COmputers);it providesa safeuserinter-
face, that activatesthe requiredparallel functionson the
workstationclusterwhich, at eachmoment, may guaran-
teethe bestperformance.Sucha tool is then essentiako
efficiently implementa Parallel Virtual Library.

In the following Sectionwe shortly outline similari-
tiesanddifferencego otherresourcenanagemengystems.
Then,we describedPINCOarchitecturets structureandhow
load datainformationis considered.Tableswill be shavn,
relatedto benchmarkesultsobtainedon a highly heteroge-
neousnetwork. Two examplesof parallelprocesseslloca-
tion arethenpresented.

2. Related Works

The ideaof remotelyexecutinglibrary functionsis im-
plementedy NetSohe [2], a netsener for the solutionof
computationalproblemsdevelopedby the Jack Dongarra
group. The main featuresof NetSol\e arethe availability
of differentuserinterfaces,eitherinteractie (graphics)or
FortranandC embeddedandtheability of managingcom-
putationalresourcaequest®n a distributedsystemtaking
into accountioad balancingandfault tolerance.Presently
however, no specialsupportis providedfor parallellibrary
management.

Besides, there exist other industrial resource-
managementtools which offer several services for
heterogeneousvorkstation networks. Well known are
CODINE [3], by GENIAS, and Load Sharing Facilities
(LSF) [4], by Platform Computer They supportfacilities
for batch queing, job managementdeadlinescheduling,
in a word, the maximum utilization of the resourcesat
day time and overnight. However, their aim is to reach
the netmaximumefficiengy, ratherthanoffering a specific
supportfor parallel programming,which is possible,but
notprivileged.

A morecomplex system(describedn [7]) hasbeenim-
plementedn the framework of the EspritprojectEROPR,

2pinco’ wasalsothe nameof a kind of traditional Ligurian sail ships
usedduringthe 19" centuryfor commercen the Mediterranean

for the executionof computationallyintensie parallel3D-
renderingobs. Here,the emphasiss givento management
of the large volume of datatheseapplicationsrequire or
generate.CODINE hasbeenselectedor the job manage-
mentlayer.

Finally, we recall UTOPIA [1], a load sharingfacility
implementedon top of Unix for very large and heteroge-
neoussystemsAs well asLSF it is agenerapurposeuser
tranparensystemwhich supportsemoteexecutiononly at
taskinitiation time. It is amorepowerful tool thanPINCO,
whichis on the contrarydevotedto managedistributedand
parallelapplications.

DAME [5, 6], is, from certainpointsof view, the system
closestto PINCO, sinceit aimsto dynamicallybalancethe
workloadof SPMDregularcomputationsThe mostsignif-
icantdfferenceis thatthe reconfiguratiorprotocolis based
on datamigrationinsteadof taskmigration,thusrequiring
the cooperatiorof the applicationprogrammerwhich must
implementdecomposition-independeprograms.

3. PINCO Architecture

PINCO hasbeendesignedas composedy threeparts:
the Job Schedulerand the Resouce and Task Manager,
which provide therelatedfacilities,andthe ApplicationIn-
terfacewhich actsasintermediatdevel betweerthe appli-
cationandtheothertwo componentsMoreover, aprogram-
ming ervironmentis provided, to help PINCO program-
mersin developingdistributed applications. Keepingsys-
tem componentas much separateas possibleis usefulto
experienceon differentjob andresourcenanagemertech-
nigues,by substitutingindividual componentswith others
implementingalternatve policies.

Eachparalleljob is executedon a partition, thatis, on a
subsebf nodes.Dueto the hetereogenityf the hardware
architecture someform of normalizationis neededn or-
derto dynamicallyevaluateandcomparehe computational
power of eachnode. The unit we chooseis the tenthof a
Pentium133 (ETP). Thatis, at eachmoment,PINCO as-
sumesgo have avirtual pool of Pentium133unloadedand
satisfieseachrequestselectinga setof physicalmachines
which offer the greatesthnumberof ETP (to minimize the
internodecommunications).PINCO partition choice will
be adaptive thatis, the partitionwill be automaticallyde-
fined by the schedulerconsideringsystemavailability and
userrequests.

So far we have not yet taken into accountthe perfor
manceof the underlyingnetwork, eitherasabsoluteor rel-
ative performancgwith respecto someconventionalunit
of traffic). The reasonis dueto the relatively low impact
that suchfiguresmay have on our intendedapplications,
which are computationallyintensive and less sensitve to
traffic congestions.



Presentlyonly a partof PINCO hasbeenimplemented,
thatis:

PPE the PINCO Programmingernvironmentwhich allows
to compileandto allocatebothPINCOandtheparallel
applicationandwhich executeghe off-line evaluation
of the computingpower for eachkind of network of
workstationgseeSectiond);

PRTM the distributed PINCO Resourceand Task Man-
ager which periodically evaluatesthe workload of
eachnetwork component,processeprogrammerre-
guestsfor the computingpower neededby the appli-
cations,andeventuallyactivatesthe paralleltasks(see
Sectionb).

In caseof significantworkload changeson somenode
of the network, asin practiceis often the case,provisions
for tasksmigrationmustbe taken. Reconfiguratiorhasnot
yet beenimplemented,even if tools supportingtask syn-
chronizationand procesamigration are alreadyallowable.
[8, 9].

In orderto startexperiencingwith distributedresource
allocation, sincethe scheduleris yet underway, a simple
API hasbeenimplemented by meansof a limited set of
callsto spavn, controlandmonitor tasksunderthe control
of PRTM. It demandgo the programmethe burdenof de-
ciding abouttaskallocation:in suchaway it is possibleto
easilyexperiencewith differentschedulingpolicies,before
embeddinghemin the system.In otherwords,the alloca-
tion policy is variable[10], sincethepartitionis determined
atjob submissiortime, only consideringuserrequests.

Thus, the alreadyimplementedpart of PINCO is avail-
ableto staticallyallocateparallelprogramsto provide the
suitablecomputingpower andto keepa balancedoad on
thenet.

To achieze maximum system portability, an already
available platform must be selected. The software plat-
formswe consideredvere Paradise an extensionof Linda
[11] andPVM [12]. Paradiseis anervironmentfor paral-
lel anddistributedcomputing basednthemodelof virtual
sharedmemory while PVM (Parallel Virtual Machine)is
acommunicatioribrary for distributedmemorymachines,
whichis becominghemostwidely usedoneon networksof
workstations.PVM is alsoupwardscompatiblewith MPI,
thestandardor distributedapplicationswhich aspresents
still notsowidely available.

The presenwersionof PINCOis implementedn top of
PVM, andits architecturamodelis similarto thatof PVM,
thatis, it is basedon the PINCO MasterDaemon running
on the masterhost, usually the mostperformantof the net
(seeFigurel).

The masterdaemornis a processuniquein the network,
composedby three software modules: the Load Monitor
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(LM), theResouceManager (RM) andthe Communication
Library INterface(CLIN).

CLIN includesall the PVYM basedccommunicatiorfunc-
tions: porting of PINCO to other parallel or distributed
machineswith differentcommunicatiorfeatureqlik e Par-
adise,or MPI-2) is madeeasyby suchencapsulationL M
collectstheloadsituationof eachhost,while RM is respon-
siblefor balancingthe workloadamongmultiple execution
hosts. RM alsoactsas SubmissiorManager: the applica-
tion sendscomputingpower and task activation requests,
obtainsthe serviceanda reportwith otherusefulinforma-
tion. Whenmigrationwill beincludedin PINCO, it will be
supportecdby RM aswell.

On eachhost,the PINCO Local Daemonis executed.It
is composedy threemodulesthelLocal LoadMonitor, the
ProcessHandler andthe Local CLIN. The first oneevalu-
atesthelocal load, which is periodicallysentto the Master
Daemon.The ProcesdHandleris responsibldor activating
local tasks,accordingto the MasterDaemonrequestsand
for sendingbackinformationaboutstatusof the computa-
tion, whenneeded.

The choiceof building PINCO on top of analreadyex-
isting communicationlibrary also allows to easily obtain
additionaland usefulfeaturessuchas signalhandlingand
terminall/O for eachremotelyexecutedorocess.

Remark that application processesnay communicate
amongthemseles using ary library, i.e. Unix soclets,
PVM, Lindaor others sincePINCOdoesnotinterferewith
applicationcommunications.



4. PINCO Parallel Environment

Consideringthat PINCO run time ervironmentis made
by heterogeneousodesandthecodedistributionis decided
in adynamicway, it is necessaryo generateeodefor each
possibledifferenttargetarchitectureTheword architecture
is usedin this caseasa synorym of operatingsystemver-
sionandit identifiesexecutablecodecompatibility.

Other parallellibraries like PVM, MPI, Linda, take in
consideratiorthe possibility of generatingcodefor differ-
enttargetarchitecturesandthis is oneof the key pointsin
providing PINCO portability. Most of thework is however
left to the userwho is chaged of the task of recompiling
codefor eachdifferenttarget architecturene/shewantsto
includein the parallel machine,andthen of placingeach
copy of executablecodein the properdirectory This may
becomea tedioustaskat leastwhenthe numberof hetero-
geneousrchitecturess greaterthantwo.

4.1. Compilation environment

PINCOprovidesasimplebut effective compilingsystem
which is ableto automaticallygeneratecodefor ary setof
targetarchitecturesThe only assumptioris thata common
file systemcan be accessedy all nodesin the network.
Then,theuserhasonly to settwo parameters:

* a variablewhich indicatesthe target application,this is
representedy the PINCO_ROOT ervironmentvariablein
Unix systems,and normally indicatesthe root directory
containingthe sourcecodeof theapplication;

* a configurationfile which containsthe namesof selected
targetarchitectures.

As a result the PINCO compilation systemgenerates
codefor the differenttarget architecturegnddistributesit
sothatit will beaccessiblérom any machineof theparallel
system.

The final file system configuration for the PINCO
ervironmentis representedsfollows:

$PI NCO_ROOT
/ (PINCO utilities and conf. files)
SRC (contains the source code)
I NCLUDE (header files)
OBJ (object files sorted by archit.)
BIN (binary im
ages sorted by archit.)
DAT (application data)
LIB (libraries sorted by archit.)

This logical organizationmay be mappedin different
wayson the physicalfile systemdependingn network or-
ganisation.

4.2. Evaluating System Resources

For an efficient managemenbf computing resources
availableon the local areanetwork, PINCO hasto be able
to evaluateresourcesandthis a challengingtask sincewe
areconsideringan heterogeneouand sharedernvironment,
andthesecharacteristichave to be handledcarefully.

A first point is that of evaluatingthe total computing
power of the parallel systemasthe sum of heterogeneous
resources. This point could be very subtle for different
reasondik e the fact that differentmachinesmay be more
or lesssuitedfor differenttypesof applications(e.g. ma-
trix multiplication and sorting algorithms),and mary fac-
tors may determinethe actualefficiency of a single node
in processinga selectedapplication(CPU speedmemory
hierarchiesspecialisedoprocessorandthelike).

PINCO approachto this problemhasbeentaken con-
sidering the presenttarget network and a set of suitable
benchmarks:Table 1 summariseshe setof available ma-
chines, while Table 2 summariseghe set of considered
benchmarks.

NAME MODEL OPSYS
paperoga| SparcStation20 0S4.1.3U1
athena SparcStation20 Solaris2.6
helios SparcStationl 0S4.1.3
aphrodite| SparcStation10 0S4.1.3
elba SparcSt. Classic4/15 Solaris2.5
fred HP 9000/715 HP-UX9.01
venus SparcSt. Classic Solaris2.5
paperinik | SparcSt. Classicl0 0S4.1.3U1
bemgeggi | SparcStations Solaris2.5
asterix UltraSparcs Solaris2.6
gauguin | Indigo2 IRIX 6.2
matisse | SGI02 IRIX 6.3
baobab | Pentium133Mhz Linux

Table 1. IMA-CNR local area network

Running the benchmarkson the different nodes, it is
possibleto getperformancdiguresfor the whole network.
Thesefiguresare not strictly definedbecausehe different
nodegmaychangeheirrelative performanceelectingadif-
ferentbenchmark.In ary caseit is possibleto get an ap-
proximatevalueof relative speedsf thedifferentmachines,
whichmaybeusedin mostcasesassuitableindication. Ta-
ble 3 summarizesheresultsfor two differentbenchmarks,
runningon differentworkstationsof the network. Thefirst
columnlists nodenameswhich have beendescribedn Ta-
ble 1. The secondandthird columnsrespectiely show the
floating pointandfixedpoint performancef thesenodesat
a given network workload. Nodesare orderedfor floating



NAME DESCRIPTION

sim An integerprogramthatcompareDNA segmentsfor similarity.

fhourstones| An integerprogramto find solutionsto the’connect-4'game

dhrystone

A syntheticintegerprogramwhich providesa MIPS ratingbased
upona’typical’ instructionmix. Very sensitie to optimization:results
will appeakerraticunlessdegreeof optimizationis carefullytracked.

nsieve

An integerprogramwhich generateprime numbersbasedn the Sieve
of Eratosthenessingarraysizesfrom 8 KBytesto 2 MBytes. A nsie/e
MIPS ratingis providedbut the nsieve instructionmix is NOT "typical’.

heapsort

An integerprogramwhich usesthe’heapsort’ methodof sortingarandom
arrayof longintegersupto 2 MBytesin size.A heapsorMIPS ratingis
providedbut it is NOT representatie of a’typical’ instructionmix.

hanoi
recursve functioncalls

An integerprogramwhich solvesthe Towersof Hanoipuzzleusing

queens

An integerprogramthatsolvesthe "14 Queendroblem”. Thatis, the
programfindsall waysto placel4 queenonal4 X 14 square’chess”
boardsuchthatno queencancaptureanother

flops

EstimatesMFLOPSratingfor specificFADD, FSUB,FMUL, andFDIV
instructionmixes. Four distinct MFLOPSratingsareprovidedbased
ontheFDIV weightingsfrom 25%to 0% andusingregisterregisteroperations.
Workswith bothscalarandvectormachinesSincethe programtriesto
maximizeregisterusageheresultsareNOT sensitve to mainmemory
speedIn this sensdlopsyieldsa peakrating.

clinpack

Thisis the Linpack program(floating-point)corvertedto C.
Resultsherearesensitve to cacheeffectsandmemoryspeed.

fft An FFT testprogramfrom RonMayer (mayer@acuson.com).
Progranmtimesa 131072point FFT.

hintHINT

measureSQUIPS” (QUality ImprovementPerSecond)asa functionof time.
"Net QUIPS” is asinglenumberthatsummarizeshe QUIPS overtime.

Table 2. The set of benchmarks

point decreasingerformancethe fixed point performance
beingquitecloseto it.

NAME KFLOPS SEC

(clinpackdpu) | (queens)
gauguin 78882 24.02
asterix 28027 34.05
matisse 21313 36.06
baobab 10917 35.01
bemgeygi 10382 55.58
paperoga 8770 81.97
athena 8354 83.19
paperinik 7289 | 103.98
aphrodite 5955 | 126.20
helios 1213| 464.52

Table 3. Two benchmarks

Weidentify with s; therelative speedf thei-th machine
fori = 1..N, whereN is thetotal numberof nodes.Values
s; are obtainedby selectinga referencemachine; which
will have s; = 1 andthendefiningthe others; comparing
the performanceof eachmachinewith that of machinej.
In this way we will obtainthe total available power asthe
sumof all s;. In generathisvalueis differentfrom N. This
providesa staticapproximationof the computingpower of
theunloadedsystem.Thereferencanachinewe tookis the
nodebaobaba Pentium133with Linux.

PINCOis designedo run on sharedsystemshencewe
have to considerthatactualcomputingpower of eachnode
will beonly afractionof the computingpower of the same
node. This fact canbe expressedy the following simple
formula: ds; = (1 — o0;)s;, which correlateghe dynamic
relative speedwith the staticrelative speedf node:. Here
theparametet; expressesheloadfactorof nodei. In Unix
basedsystemsasimplebut effectiveway of evaluatingload



factorsis to usethe percentagef CPU usageas provided
by "ps” systemcall. Actually this is the choicecurrently
implementedy PINCO.

5. PINCO Resource and Task M anager

PINCO architecturedescribedin Section 2 has evi-
dencedhattheredoesnot exist a singlecomponenthich
may be called”the Allocator”. Sucha functionalityis dis-
tributed acrossthe network, yet maintaininga centralized
information collector, thatis the Resourceand Task Man-
ager Thelatteris aprocessunningonthehostnode where
informationsentby the variousinstance®f the Load Mon-
itor is kept,andusedto take decisionsaboutprocesslloca-
tion to the network.

As we shall see, at presentallocation decisionsresult
from a negotiation processwith the user process,as the
choice suggestedy the PRTM is evaluatedand partially
modified, if neededby the user As far asexperiencein
this decisionmaking processs collected,it is expectedto
include"smart” allocationpoliciesin PRTM, thusmaking
usernegotiationno longerneededor mostapplications.

Informationto be collectedby the Load Monitor canbe
classifiedas:

* staticinfo: initialized as collectedfrom off-line bench-
marks(seeSect.4.2);

* dynamicinfo: computedandperiodicallyupdatedby the
variouslocal daemons.

Dynamicinformationis computedby eachlLocal Load
Monitor, runningon a differentPINCOhostcomputer The
percentageof CPU free is computedevery 5 secondshy
issuinga local systemcall, suchasthecommand’ps” from
a shell. This valueis sentagainonly if differentfor more
than10%from theonepreviously sentto the Load Monitor.

When the Load Monitor receves a messagdrom the
Local Load Monitor at node X, it updatesthe so called
load_tablewheredynamicandstaticnetwork load parame-
tersarekept. Thestatic"weight” of nodex is multiplied by
thepercentagef CPUfree,thusgiving theavailablepower
onnodex for PINCOrequestsThis valueis still expressed
in ETP

5.1. Resource management

Allocation requestdrom userprocessesare basedon a
datastructurecalledgrant.recod. It is filled by PRTM and
passedo theuserprocesdy meanf atwo phaseprotocol:

1. in the first phase,the user processissuesa request
expressedy thecall
ERR=PINCO_GRANT
GRANT_RECORD);

(REQUESTED POWER,

2. the user processmay check complianceof the pro-
posedallocationto possibleadditionalconstraint{see
in theexamplesonesuchinstanceandthenissueghe
activationrequest:
ERR=PINCO_SPAWN
GRANT_RECORD);

(EXECUTABLE FILE,

The function PINCO_grant fills the following data
structure,in accordancevith valuesactually storedin the
load_table

struct grantrecord
{ floatgrantpower;
int clustecdim;
node* topology;
} grantrecord;

[* grantedpower */
[* hostnumber*/

where node is a list of clusterdim pairs (proces-
sorname local_grantedpower), suchthatthesumof all lo-
cal_grantedpower fields,asstoredin grantpower, matches
therequesbr defaultapproximatedt if it is impossible.

Loads correspondingto localgrantedpower are re-
sened for the processthat invoked the PINCO_grant, but
parallelprocessearenotimmediatelyspavned. This hap-
pensonly when a PINCO.spawn is invoked by the user
processwherethe actualnumberof paralleltasksper pro-
cessolis specified by addinga third valuein the nodelist
of the grantrecord. In casethe userprocessdoesnot is-
suea PINCO._spavn within a predefinedielay resenedre-
sourcesare however freed. The userprocessmay alsoup-
datethe grantrecord,beforeinvoking a PINCO_spawn, in
orderto usejust a subsebf availableresourcese.g. by not
usingcertainnodes.or leaving somefraction of computing
power to otherapplications.

Example 1

Let us assumehat we wish to multiply 256*256 matrices
andthatwe estimatea power of 16 Pentium-unitfor such
job. A requests issued;the grantrecordcontainsthe fol-
lowing nodelist:

asterix 3.5
gaugui n 8.5
ber geggi 3.5
hel i os 0.5

whichsatisfiegshecomputingoowerrequirementsTheuser
procesghendecidego spavn 32 processesachonehan-
dling 8 datarows, andto allocatethemsothateachonemay
take advantageof 0.5 Pentium-unitsof computingpower.
Thenodelist to be passedo PINCO_spavn shallbe:

asterix 3.5 7
gaugui n 8.5 17



ber geggi 3.5 7
hel i os 0.5 1
Example 2

Let usassumehatthe userprocesss efficiently paralleliz-
ableonly by creatinga numberof taskswhichis a power of
2. A requesfor 16 power unitsis issued:The grantrecord
containghefollowing nodelist:

asterix 3.5
gaugui n 3.5
ber geggi 3.5
hel i os 0.5

Sincegrantedpower is below the requestegower, the al-
gorithm mustbe resizedto 8 tasksonly, which canbe al-
locatedto the first threeprocessor®nly, neglectingthe al-
readyoverloadedfourth node, helios. Eachtaskmay use
onePentium-unitasthe following nodelist shavs, passed
to PINCO_spawn:

asterix 3. 3
gaugui n 3. 3
ber geggi 2. 2

Remarkthat the latter is a sublist of the former, and that
thereis still somecomputationalpower available at each
node.

6. Conclusions

We have describedn this papertthedesignprinciplesand
the architectureof a toolsetaimedat supportingthe devel-
opmentof Parallel Virtual Librarieson heterogeneouset-
works of workstations.Two component®f suchtoolsetal-
readyexist, which togethemmay actasa resourcananager
A simplified APl is provided,in orderto collectscheduling
experiencedeforeactuallyimplementinga JobScheduler
Exampleshave beenshonvn of how computingpoweris stat-
ically and dynamically evaluatedon the network, and of
how processspavning is negotiatedbetweenthe Resource
Managerandthe application.

The subsetof PINCO which hasbeendescribedn the
paperis now in the procesf extensie testing;at present
we areevaluatingits performancén termsof overheadvith
respectto PVM and its additional possibilitiesfor tuning
parallellibrary routinesto heterogeneousetworks.
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