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Abstract

We describethe designprinciples and implementation
of a tool to be usedas Resource Manager on arbitrary
networksof workstations.It evaluatesboth statically (off-
line) and dynamically(on-line) the computationalpower
andworkloadof each nodein the network,in order to se-
lect the mostperformantcomputers after each application
requestfor taskspawningto thenetwork.Thetool is a com-
ponentof a systemto implementParallel Virtual Libraries
onheterogeneousnetworksof workstations.1

1. Introduction

Technologyevolution togetherwith market pressurehas
madeit possibleto exploit networksof workstationsaseffi-
cientsupercomputingtools. Thehigh speednetworkscon-
nectingincreasinglyfastersystemsmaynow substituteex-
pensive parallelsupercomputersat a fraction of their cost.
Giventhe non-homogeneityusuallypresentin this kind of
nets,anefficientdistributedprogrammingenvironmentwith
a specializedcompetencein scalingand locating parallel
applications,able to maintain load balancingamonghet-
erogeneousworkstations,is needed,to obtainthemaximum
efficiency.

Various researchfields rely on efficient solutions for
computationallyheavy problems.Suchapplicationsareof-
tenmadeportableby usingmathematicalsoftwareparallel
libraries,which areoptimizedfor the underlyingarchitec-
ture. Many such libraries have beenwritten specifically
for parallel supercomputers.As of today, a similar effort
hasnot yet takenplacefor networksof workstations:there
arefew environmentsthatsupportaneasy–to–useaccessto
heterogeneousdistributedsystems,wheremathematicalli-
brariesareavailable,with transparentaccessto resources.

1Thiswork hasbeenpartiallysupportedby agrantof ItalianCNR(Vir-
tualLibrariesfor ComputationalProblemSolution).

Usually, eitherthey have a complex userinterface,or they
have limitations in architecturalsupport. The goal of pro-
viding andsupportinga Parallel Virtual Library for arbi-
trarynetworksof workstations,includingtheheterogeneous
ones,is still far from beingachieved. This researchareais
thus a most promisingone wherenovel systemsare now
beingproposed.

It is importantto identify thehardware/softwareenviron-
mentin which to operate,thefeaturesof theparallelappli-
cationsto be managed,and the resourcemanagersystem
propertieswhich are desirable,beforeselectinga specific
design.

As for hardware/softwareenvironmentweconsiderLAN
of workstations,asusuallyavailable in R&D laboratories.
They arecomposedby a few tensof hosts,with different
degreesof homogeneity. As discussedin [1], threekinds
of heterogeneitycanbeconsidered,thatis: Configurational
(hostshave the samearchitecturebut different configura-
tion), Architectural (executablefiles cannotbeexchanged),
andOperating Systemheterogeneity. Completelyhomoge-
neoussystemsare seldomfound, but at their initial pur-
chase.For example,a Pentium-basedlaboratorymaysoon
becomeheterogeneous,due to CPU update,memory/pe-
ripheralextensionsandsoon. Two laboratorieshave been
considered,theoneof theIMA-CNR andthestudentlabof
DISI. Thefirst oneis highly heterogeneous,bothin config-
urationandarchitecture,with differentUnix-like operating
systems. The secondone is composedby about45 Pen-
tiums,from 133to 350Mhz, with differentconfigurations,
all of themrunningLinux.

Thekind of applicationsconsideredarethoseusingpar-
allel libraries,eachfunctionof which is implementedusing
SPMDor master/slaveparadigm.Thatis, eachprocess(ex-
cept for the master)executesthe samecode,andexhibits
a similar computational/communicationprofile. Thus,our
resourcemanagementsystemneednotbeageneralpurpose
one.

In order to identify which computationalresourcesare
to bemanaged,wefirst consideredthepossibilityof having



theexclusive useof thenetwork (e.g. night hoursor week-
ends).However, this choiceresultedunacceptable:owners
of workstationsdedicatedto researchprojects(e.g. power-
ful Indigo for graphicalapplications)werewilling to give
accessto othersduringidle periods,but would bereluctant
to establishin advancetime periodsduringtheweekwhen
theirworkstationswouldbeavailableto others.As aconse-
quence,we decidedto designa systementirelyworking 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,hasbeennamedPINCO2(ProgrammingenvIronment
for Network of COmputers);it providesa safeuserinter-
face, that activatesthe requiredparallel functionson the
workstationclusterwhich, at eachmoment,may guaran-
tee the bestperformance.Sucha tool is thenessentialto
efficiently implementaParallelVirtual Library.

In the following Section we shortly outline similari-
tiesanddifferencesto otherresourcemanagementsystems.
Then,wedescribePINCOarchitectureits structureandhow
loaddatainformationis considered.Tableswill beshown,
relatedto benchmarkresultsobtainedon ahighly heteroge-
neousnetwork. Two examplesof parallelprocessesalloca-
tion arethenpresented.

2. Related Works

The ideaof remotelyexecutinglibrary functionsis im-
plementedby NetSolve [2], a netserver for thesolutionof
computationalproblemsdevelopedby the JackDongarra
group. The main featuresof NetSolve are the availability
of differentuserinterfaces,either interactive (graphics)or
FortranandC embedded,andtheability of managingcom-
putationalresourcerequestson a distributedsystem,taking
into accountload balancingandfault tolerance.Presently,
however, no specialsupportis providedfor parallellibrary
management.

Besides, there exist other industrial resource-
management tools which offer several services for
heterogeneousworkstation networks. Well known are
CODINE [3], by GENIAS, and Load SharingFacilities
(LSF) [4], by PlatformComputer. They supportfacilities
for batch queing, job management,deadlinescheduling,
in a word, the maximum utilization of the resources,at
day time and overnight. However, their aim is to reach
thenetmaximumefficiency, ratherthanoffering a specific
supportfor parallel programming,which is possible,but
notprivileged.

A morecomplex system(describedin [7]) hasbeenim-
plementedin theframework of theEspritprojectEROPPA,

2’pinco’ wasalsothenameof a kind of traditionalLigurian sail ships
usedduringthe ������� centuryfor commercein theMediterranean

for theexecutionof computationallyintensive parallel3D-
renderingjobs.Here,theemphasisis givento management
of the large volume of data theseapplicationsrequireor
generate.CODINE hasbeenselectedfor the job manage-
mentlayer.

Finally, we recall UTOPIA [1], a load sharingfacility
implementedon top of Unix for very large andheteroge-
neoussystems.As well asLSF it is a generalpurpose,user
tranparentsystem,whichsupportsremoteexecutiononly at
taskinitiation time. It is a morepowerful tool thanPINCO,
which is on thecontrarydevotedto managedistributedand
parallelapplications.

DAME [5, 6], is, from certainpointsof view, thesystem
closestto PINCO,sinceit aimsto dynamicallybalancethe
workloadof SPMDregularcomputations.Themostsignif-
icantdfferenceis that thereconfigurationprotocolis based
on datamigrationinsteadof taskmigration,thusrequiring
thecooperationof theapplicationprogrammer, whichmust
implementdecomposition-independent programs.

3. PINCO Architecture

PINCO hasbeendesignedascomposedby threeparts:
the Job Scheduler and the Resource and Task Manager,
which provide therelatedfacilities,andtheApplicationIn-
terfacewhich actsasintermediatelevel betweentheappli-
cationandtheothertwo components.Moreover,aprogram-
ming environment is provided, to help PINCO program-
mersin developingdistributedapplications.Keepingsys-
tem componentsasmuchseparateaspossibleis useful to
experienceon differentjob andresourcemanagementtech-
niques,by substitutingindividual componentswith others
implementingalternativepolicies.

Eachparalleljob is executedon a partition, that is, on a
subsetof nodes.Due to the hetereogenityof the hardware
architecture,someform of normalizationis neededin or-
derto dynamicallyevaluateandcomparethecomputational
power of eachnode. The unit we chooseis the tenthof a
Pentium133 (ETP). That is, at eachmoment,PINCO as-
sumesto have a virtual pool of Pentium133unloaded,and
satisfieseachrequestselectinga setof physicalmachines
which offer the greatestnumberof ETP (to minimize the
internodecommunications).PINCO partition choicewill
be adaptive, that is, the partition will be automaticallyde-
finedby thescheduler, consideringsystemavailability and
userrequests.

So far we have not yet taken into accountthe perfor-
manceof theunderlyingnetwork, eitherasabsoluteor rel-
ative performance(with respectto someconventionalunit
of traffic). The reasonis due to the relatively low impact
that suchfiguresmay have on our intendedapplications,
which are computationallyintensive and lesssensitive to
traffic congestions.



Presently, only a partof PINCOhasbeenimplemented,
thatis:

PPE thePINCOProgrammingEnvironmentwhich allows
to compileandto allocatebothPINCOandtheparallel
application,andwhichexecutestheoff-line evaluation
of the computingpower for eachkind of network of
workstations(seeSection4);

PRTM the distributed PINCO Resourceand Task Man-
ager, which periodically evaluatesthe workload of
eachnetwork component,processesprogrammerre-
questsfor the computingpower neededby the appli-
cations,andeventuallyactivatestheparalleltasks(see
Section5).

In caseof significantworkload changeson somenode
of the network, asin practiceis often the case,provisions
for tasksmigrationmustbetaken. Reconfigurationhasnot
yet beenimplemented,even if tools supportingtask syn-
chronizationandprocessmigrationarealreadyallowable.
[8, 9].

In order to start experiencingwith distributedresource
allocation,sincethe scheduleris yet underway, a simple
API hasbeenimplemented,by meansof a limited set of
calls to spawn, controlandmonitor tasksunderthecontrol
of PRTM. It demandsto theprogrammertheburdenof de-
ciding abouttaskallocation:in sucha way it is possibleto
easilyexperiencewith differentschedulingpolicies,before
embeddingthemin thesystem.In otherwords,thealloca-
tion policy is variable[10], sincethepartitionis determined
at job submissiontime,only consideringuserrequests.

Thus,the alreadyimplementedpart of PINCO is avail-
ableto staticallyallocateparallelprograms,to provide the
suitablecomputingpower andto keepa balancedload on
thenet.

To achieve maximum system portability, an already
available platform must be selected. The software plat-
formswe consideredwereParadise,anextensionof Linda
[11] andPVM [12]. Paradiseis an environmentfor paral-
lel anddistributedcomputing,basedonthemodelof virtual
sharedmemory, while PVM (Parallel Virtual Machine)is
a communicationlibrary for distributedmemorymachines,
whichis becomingthemostwidely usedoneonnetworksof
workstations.PVM is alsoupwardscompatiblewith MPI,
thestandardfor distributedapplications,whichaspresentis
still not sowidely available.

Thepresentversionof PINCOis implementedon top of
PVM, andits architecturalmodelis similar to thatof PVM,
that is, it is basedon thePINCOMasterDaemon, running
on themasterhost,usually, themostperformantof thenet
(seeFigure1).

Themasterdaemonis a process,uniquein thenetwork,
composedby threesoftware modules: the Load Monitor
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(LM), theResourceManager (RM) andtheCommunication
Library INterface(CLIN).

CLIN includesall thePVM basedcommunicationfunc-
tions: porting of PINCO to other parallel or distributed
machines,with differentcommunicationfeatures(like Par-
adise,or MPI-2) is madeeasyby suchencapsulation.LM
collectstheloadsituationof eachhost,while RM is respon-
siblefor balancingtheworkloadamongmultiple execution
hosts. RM alsoactsasSubmissionManager: the applica-
tion sendscomputingpower and task activation requests,
obtainstheserviceanda reportwith otherusefulinforma-
tion. Whenmigrationwill beincludedin PINCO,it will be
supportedby RM aswell.

On eachhost,thePINCOLocal Daemonis executed.It
is composedby threemodules:theLocalLoadMonitor, the
ProcessHandler andthe Local CLIN. The first oneevalu-
atesthelocal load,which is periodicallysentto theMaster
Daemon.TheProcessHandleris responsiblefor activating
local tasks,accordingto the MasterDaemonrequests,and
for sendingbackinformationaboutstatusof the computa-
tion, whenneeded.

Thechoiceof building PINCOon top of analreadyex-
isting communicationlibrary also allows to easily obtain
additionalanduseful featuressuchassignalhandlingand
terminalI/O for eachremotelyexecutedprocess.

Remark that application processesmay communicate
amongthemselves using any library, i.e. Unix sockets,
PVM, Lindaor others,sincePINCOdoesnot interferewith
applicationcommunications.



4. PINCO Parallel Environment

ConsideringthatPINCO run time environmentis made
by heterogeneousnodesandthecodedistributionis decided
in a dynamicway, it is necessaryto generatecodefor each
possibledifferenttargetarchitecture.Thewordarchitecture
is usedin this caseasa synonym of operatingsystemver-
sionandit identifiesexecutablecodecompatibility.

Other parallel libraries like PVM, MPI, Linda, take in
considerationthe possibility of generatingcodefor differ-
ent targetarchitectures,andthis is oneof thekey pointsin
providing PINCOportability. Most of thework is however
left to the userwho is chargedof the taskof recompiling
codefor eachdifferent target architecturehe/shewantsto
include in the parallel machine,and thenof placing each
copy of executablecodein the properdirectory. This may
becomea tedioustaskat leastwhenthe numberof hetero-
geneousarchitecturesis greaterthantwo.
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PINCOprovidesasimplebut effectivecompilingsystem
which is ableto automaticallygeneratecodefor any setof
targetarchitectures.Theonly assumptionis thata common
file systemcan be accessedby all nodesin the network.
Then,theuserhasonly to settwo parameters:* a variablewhich indicatesthe target application,this is
representedby the PINCO ROOT environmentvariablein
Unix systems,and normally indicatesthe root directory
containingthesourcecodeof theapplication;* a configurationfile which containsthenamesof selected
targetarchitectures.

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

The final file system configuration for the PINCO
environmentis representedasfollows:

$PINCO_ROOT
/ (PINCO utilities and conf. files)

SRC (contains the source code)
INCLUDE (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 thephysicalfile system,dependingonnetwork or-
ganisation.
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For an efficient managementof computing resources
availableon the local areanetwork, PINCOhasto be able
to evaluateresources,andthis a challengingtasksincewe
areconsideringanheterogeneousandsharedenvironment,
andthesecharacteristicshave to behandledcarefully.

A first point is that of evaluating the total computing
power of the parallelsystemasthe sumof heterogeneous
resources. This point could be very subtle for different
reasonslike the fact that differentmachinesmay be more
or lesssuitedfor different typesof applications(e.g. ma-
trix multiplication andsortingalgorithms),andmany fac-
tors may determinethe actualefficiency of a single node
in processinga selectedapplication(CPU speed,memory
hierarchies,specialisedcoprocessorsandthelike).

PINCO approachto this problemhasbeentaken con-
sidering the presenttarget network and a set of suitable
benchmarks:Table1 summarisesthe setof availablema-
chines, while Table 2 summarisesthe set of considered
benchmarks.

NAME MODEL OPSYS
paperoga SparcStation20 OS4.1.3U1
athena SparcStation20 Solaris2.6
helios SparcStation1 OS4.1.3
aphrodite SparcStation10 OS4.1.3
elba SparcSt. Classic4/15 Solaris2.5
fred HP 9000/715 HP-UX 9.01
venus SparcSt. Classic Solaris2.5
paperinik SparcSt. Classic10 OS4.1.3U1
bergeggi SparcStation5 Solaris2.5
asterix UltraSparc5 Solaris2.6
gauguin Indigo2 IRIX 6.2
matisse SGIO2 IRIX 6.3
baobab Pentium133Mhz Linux

Table 1. IMA-CNR local area network

Running the benchmarkson the different nodes,it is
possibleto getperformancefiguresfor thewholenetwork.
Thesefiguresarenot strictly definedbecausethe different
nodesmaychangetheirrelativeperformanceselectingadif-
ferentbenchmark.In any caseit is possibleto get an ap-
proximatevalueof relativespeedsof thedifferentmachines,
whichmaybeusedin mostcasesassuitableindication.Ta-
ble 3 summarizestheresultsfor two differentbenchmarks,
runningon differentworkstationsof thenetwork. Thefirst
columnlistsnodenames,which havebeendescribedin Ta-
ble 1. Thesecondandthird columnsrespectively show the
floatingpointandfixedpointperformanceof thesenodesat
a given network workload. Nodesareorderedfor floating



NAME DESCRIPTION
sim An integerprogramthatcomparesDNA segmentsfor similarity.
fhourstones An integerprogramto find solutionsto the’connect-4’game
dhrystone A syntheticintegerprogramwhich providesa MIPSratingbased

upona ’ typical’ instructionmix. Very sensitive to optimization:results
will appearerraticunlessdegreeof optimizationis carefullytracked.

nsieve An integerprogramwhich generatesprimenumbersbasedon theSieve
of Eratosthenesusingarraysizesfrom 8 KBytesto 2 MBytes.A nsieve
MIPSratingis providedbut thensieve instructionmix is NOT ’typical’.

heapsort An integerprogramwhich usesthe’heapsort’ methodof sortinga random
arrayof long integersup to 2 MBytesin size.A heapsortMIPS ratingis
providedbut it is NOT representativeof a ’ typical’ instructionmix.

hanoi An integerprogramwhich solvestheTowersof Hanoipuzzleusing
recursive functioncalls

queens An integerprogramthatsolvesthe”14 QueensProblem”.Thatis, the
programfindsall waysto place14queenson a14 X 14square”chess”
boardsuchthatno queencancaptureanother.

flops EstimatesMFLOPSratingfor specificFADD, FSUB,FMUL, andFDIV
instructionmixes.Four distinctMFLOPSratingsareprovidedbased
on theFDIV weightingsfrom 25%to 0%andusingregister-registeroperations.
Workswith bothscalarandvectormachines.Sincetheprogramtriesto
maximizeregisterusagetheresultsareNOT sensitive to mainmemory
speed.In this senseflopsyieldsa peakrating.

clinpack This is theLinpackprogram(floating-point)convertedto C.
Resultsherearesensitive to cacheeffectsandmemoryspeed.

fft An FFT testprogramfrom RonMayer(mayer@acuson.com).
Programtimesa 131072pointFFT.

hintHINT measures”QUIPS” (QUality ImprovementPerSecond)asa functionof time.
”Net QUIPS” is a singlenumberthatsummarizestheQUIPSover time.

Table 2. The set of benchmarks

point decreasingperformance,thefixedpoint performance
beingquitecloseto it.

NAME KFLOPS SEC
(clinpackdpu) (queens)

gauguin 78882 24.02
asterix 28027 34.05
matisse 21313 36.06
baobab 10917 35.01
bergeggi 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 @BA therelativespeedof the C -th machine
for C$D!E9FGF H , whereH is thetotalnumberof nodes.Values@BA areobtainedby selectinga referencemachineI which
will have @KJLDME andthendefiningtheother @BA comparing
the performanceof eachmachinewith that of machineI .
In this way we will obtainthe total availablepower asthe
sumof all @ A . In generalthisvalueis differentfrom H . This
providesa staticapproximationof thecomputingpower of
theunloadedsystem.Thereferencemachinewe took is the
nodebaobab,a Pentium133with Linux.

PINCOis designedto run on sharedsystems,hencewe
have to considerthatactualcomputingpower of eachnode
will beonly a fractionof thecomputingpower of thesame
node. This fact canbe expressedby the following simple
formula: N'@ A DPO�ERQTS A�U @ A , which correlatesthe dynamic
relative speedwith thestaticrelative speedof node C . Here
theparameterSVA expressestheloadfactorof nodeC . In Unix
basedsystems,asimplebut effectivewayof evaluatingload



factorsis to usethe percentageof CPU usageasprovided
by ”ps” systemcall. Actually this is the choicecurrently
implementedby PINCO.

5. PINCO Resource and Task Manager

PINCO architecturedescribedin Section 2 has evi-
dencedthat theredoesnot exist a singlecomponentwhich
maybecalled”the Allocator”. Sucha functionality is dis-
tributedacrossthe network, yet maintaininga centralized
informationcollector, that is the ResourceandTaskMan-
ager. Thelatteris aprocessrunningonthehostnode,where
informationsentby thevariousinstancesof theLoadMon-
itor is kept,andusedto takedecisionsaboutprocessalloca-
tion to thenetwork.

As we shall see,at presentallocationdecisionsresult
from a negotiation processwith the user process,as the
choicesuggestedby the PRTM is evaluatedand partially
modified, if needed,by the user. As far asexperiencein
this decisionmakingprocessis collected,it is expectedto
include”smart” allocationpoliciesin PRTM, thusmaking
usernegotiationno longerneededfor mostapplications.

Informationto becollectedby theLoadMonitor canbe
classifiedas:* static info: initialized as collectedfrom off-line bench-
marks(seeSect.4.2);* dynamicinfo: computedandperiodicallyupdatedby the
variouslocaldaemons.

Dynamic information is computedby eachLocal Load
Monitor, runningon adifferentPINCOhostcomputer. The
percentageof CPU free is computedevery 5 secondsby
issuinga local systemcall, suchasthecommand”ps” from
a shell. This valueis sentagainonly if differentfor more
than10%from theonepreviouslysentto theLoadMonitor.

When the Load Monitor receives a messagefrom the
Local Load Monitor at node x, it updatesthe so called
load tablewheredynamicandstaticnetwork loadparame-
tersarekept.Thestatic”weight” of nodex is multipliedby
thepercentageof CPUfree,thusgiving theavailablepower
onnodex for PINCOrequests.Thisvalueis still expressed
in ETP.
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Allocation requestsfrom userprocessesarebasedon a
datastructurecalledgrant record. It is filled by PRTM and
passedto theuserprocessby meansof atwo phaseprotocol:

1. in the first phase,the user processissuesa request
expressedby thecall
ERR=PINCO GRANT (REQUESTED POWER,
GRANT RECORD);

2. the user processmay check complianceof the pro-
posedallocationto possibleadditionalconstraints(see
in theexamplesonesuchinstance)andthenissuesthe
activationrequest:
ERR=PINCO SPAWN (EXECUTABLE FILE,
GRANT RECORD);

The function PINCO grant fills the following data
structure,in accordancewith valuesactuallystoredin the
load table:

struct grant record]
float grantpower; /* grantedpower */

int clusterdim; /* hostnumber*/
node* topology;^
grant record;

where node is a list of clusterdim pairs (proces-
sor name,local grantedpower),suchthatthesumof all lo-
cal grantedpowerfields,asstoredin grant power, matches
therequestor default approximatesit if it is impossible.

Loads correspondingto local grantedpower are re-
served for the processthat invoked the PINCO grant, but
parallelprocessesarenot immediatelyspawned. This hap-
pensonly when a PINCO spawn is invoked by the user
process,wheretheactualnumberof paralleltasksperpro-
cessoris specified,by addinga third valuein the nodelist
of the grant record. In casethe userprocessdoesnot is-
suea PINCO spawn within apredefineddelay, reservedre-
sourcesarehowever freed. Theuserprocessmay alsoup-
datethe grant record,beforeinvoking a PINCO spawn, in
orderto usejust a subsetof availableresources,e.g.by not
usingcertainnodes,or leaving somefractionof computing
power to otherapplications.

Example 1

Let us assumethat we wish to multiply 256*256matrices
andthatwe estimatea power of 16 Pentium-unitsfor such
job. A requestis issued;the grant recordcontainsthe fol-
lowing nodelist:

asterix 3.5
gauguin 8.5
bergeggi 3.5
helios 0.5

whichsatisfiesthecomputingpowerrequirements.Theuser
processthendecidesto spawn 32 processes,eachonehan-
dling 8 datarows,andto allocatethemsothateachonemay
take advantageof 0.5 Pentium-unitsof computingpower.
Thenodelist to bepassedto PINCO spawn shallbe:

asterix 3.5 7
gauguin 8.5 17



bergeggi 3.5 7
helios 0.5 1

Example 2

Let usassumethat theuserprocessis efficiently paralleliz-
ableonly by creatinganumberof taskswhich is apowerof
2. A requestfor 16 powerunits is issued:Thegrant record
containsthefollowing nodelist:

asterix 3.5
gauguin 3.5
bergeggi 3.5
helios 0.5

Sincegrantedpower is below the requestedpower, the al-
gorithm mustbe resizedto 8 tasksonly, which canbe al-
locatedto thefirst threeprocessorsonly, neglectingtheal-
readyoverloadedfourth node,helios. Eachtaskmay use
onePentium-unit,asthe following nodelist shows, passed
to PINCO spawn:

asterix 3. 3
gauguin 3. 3
bergeggi 2. 2

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

6. Conclusions

Wehavedescribedin thispaperthedesignprinciplesand
thearchitectureof a toolsetaimedat supportingthedevel-
opmentof ParallelVirtual Librarieson heterogeneousnet-
worksof workstations.Two componentsof suchtoolsetal-
readyexist, which togethermayactasa resourcemanager.
A simplifiedAPI is provided,in orderto collectscheduling
experiencesbeforeactuallyimplementinga JobScheduler.
Exampleshavebeenshownof how computingpowerisstat-
ically and dynamicallyevaluatedon the network, and of
how processspawning is negotiatedbetweentheResource
Managerandtheapplication.

The subsetof PINCO which hasbeendescribedin the
paperis now in the processof extensive testing;at present
weareevaluatingits performancein termsof overheadwith
respectto PVM and its additionalpossibilitiesfor tuning
parallellibrary routinesto heterogeneousnetworks.
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