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Abstract

In T8 systemsthe physicalconfigurationof the networkis of greatimportanceap-
plicationsarewritten to run on rectangulagrids of transputersor rings, or trees.Much
effort for somecurrentapplicationds spenton writing routinesto performcommunica-
tions betweennon-adjacentransputers.The authorsare investigatingnumericalalgo-
rithmsfor a machinewherepoint-to-poin communicationwia channelds providedin
hardwaresuchasINMOS’s T9000 TransputeandC104 switchchip. Sucha system
will allow applicationsvhich useprocessorsonnectedn ary virtual topology andwill
allow suchapplicationgo runregardlesof the physical configurationalthoughperfor
manceon differentconfigurationswill in generalary.

1 Introduction

Networksof T9000 transputersareformedby connectingogetherthe transputersvith the
C104 switch-chips;it is really the configurationof C104 that definesthe networktopol-
ogy. Suchnetworksprovide automatiaouting of messages suchaway thatalthougheach
T9000 hasonly four links, alargenumberof channelsnayusethesdinks andmayconnect
throughthe switch-chipgo ary otherT9000.

With practicallyarbitrarynumberof channelgvenbetweerdifferent,non-adjacentrans-
puters,it becomeseasierto write applicationan termsof topologieswhich fit the problem,
ratherthanin termsof topologieswhich arephysicallyeasyto realise.lt is possibleto write
Occamcodewithout worrying aboutthe constraintof four links pertransputerandwithout
worrying aboutwhetherthe processesanbe configuredso thatcommunicatioris between
adjacentransputersCodeis inherentlylessdependentn specificdetailsof theproblemand
hardwareandsois potentiallymuchmorereusable.Similar functionality canbe achiered
usingvarioussoftwaretools, for exampleCStools, Tiny, Expressgetc. However, usingvir-
tual channelss morenaturalin Occamthanusingnamedprocesseasrequiredby the other
systems.

Anotherconsequencef virtual channelss the ability to useseveral suchvirtual topolo-
giesin a singlealgorithm, for examplea rectangulagrid for the bulk of a computatiorto-
getherwith ann-ary treefor summation.In particular it is straightforwardo implementan
applicationthatrequiresthe useof two, or more,virtual topologiesatthe sametime. Thisis
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[ no. of . sl aves] CHAN OF nmessage to. sl ave :
PLACED PAR
PROCESSOR 0 TB
master ( fs, ts, to.slave )

PLACED PAR i = 0 FOR no. of .. sl aves
PROCESSOR (i +1) TB
slave ( to.slave[i] )

Figurel: ConfiguratiorFile for DataDistribution

usefulfor hiding messagéateny whentwo partsof anapplicationwhich bothrequirecom-
municationwith otherprocesses;anberunin parallel: The T9000 style of codingallows
thisto beexpressedn a naturalway.

In orderto executethe codeon a particularT9000/C104 systemtheredoes,of course,
needto be a physicalconfigurationlevel. Therearetwo configurationlevels, one specifies
the numberof T9000s and C104s andtheir physicalconnectionsandis not the users re-
sponsibility The other written by the user specifiesthe numberof processeandassigns
theappropriatecodeandchanneldo them. This configurationevel is writtenin Occamand
requiresno knowledgeof the physicalconfiguration.Thus,matchinga programto a physical
topologybecomes performance problemonly—programsanrun on ary network,but they
will run atdifferentspeed®n differentnetworks.

Thesepointsareillustratedusinga virtual treetopologyfor a dot product,a multidimen-
sionalgrid topologyfor a sparsematrix multiply and usingthesetwo routinesto build an
iterative solver for anelliptic partial differentialequation.Occamcodefragmentsunderthe
Virtual ChanneRouter(VCR) [2] areusedto illustratethe styleof programmingandtheease
with which applicationghatrequirecomplicatedopologiescanbewritten.

2 ExampleAlgorithms

In this sectionwe give codefragmentdor distributing a vectorto a setof processesa dis-
tributed dot productand matrix vector multiply, eachof which requirea differentprocess
topology We thenshav how simpleit is to combinethesebuilding blockstogetherto form a
completeapplication.

2.1 Distribution of Data

To distributeavectorfrom a mastemprocesgo asetof processew/e canusea virtual channel
from the masterto eachslave. The mastersplits up the vectorinto appropriateslicesand
sendsthemdown a virtual channelto eachslave. Thesechannelsare definedand passed
to the masterand slaves processest the configurationlevel, seefigure 1. Note thatit is
not necessaryo specify the underlyingprocessotopology or how the processesreto be
assignedo the processors.

2.2 Dot Product

Thedot productis acommoncomponenbf mary numericalalgorithmsits calculationon a
distributedmemorymulti-processors bestperformedon atreeof processorsOncethe data



[(tree.span+l)*(no. of . sl aves+1l)] CHAN OF REAL tree:

PLACED PAR

PROCESSOR 0 TB
master ( fs, ts, [tree FROM1 FOR tree.span] )

PLACED PAR i = 0 FOR no. of . sl aves

PROCESSOR (i +1) TB
slave ( tree[i+1l] , [tree FROM (tree.span*(i+1))+1 FOR tree.span] )

Figure2: ConfiguratiorFile for Dot Product

PROC sl ave( CHAN OF REAL to.parent , [] CHAN OF REAL fromchild )
decl arati ons
get data (i.e. x and y) from nmaster
SEQ

sum: = zero

PAR
SEQ i =0 FOR r

sum := sum+ (x[i]*y[i])

PAR j=0 FOR tree.span

I F
((tree.span*ne) +(j +1)) <= no. of . sl aves

fromchild[j] ? tnp[j]
TRUE
tnp[j] := zero
SEQ j =0 FOR tree. span
sum := sum + tnp[j]
to.parent ! sum

Figure3: Slave for Dot Product

hasbeendistributed,eachslave formsits own sub-dotproductin parallelwith receving the
resultsfrom its children,thesearethensummedandsentto the slave’s parent. The codeon
themastelis similarbutit only recevestheresultsfrom its childrenandformsthefinal result.
Outlinecodesaregivenfor theconfiguratiorevel andslave in figures2 and3 respectrely. At
the configuratiorlevel thetreeis obtainedby declaringa sufficiently long arrayof channels
andpassingappropriateslicesto the masterandslaves. Note thatthe slavesat the leavesof
thetreehave danglingchannelsandthe usermustensurdahatthey arenotused.lt is possible
to write a configuratiorfile which doesnotleave ary danglingchannelsit is, however, more
complicatedhanthe examplegivenhere.Eachslave checkswhetheror notit is aleaf of the
treeandif not getstheresultsfromits children.

On existing Transputemachinesa tree of processorsvith spanthreeis achiezablein
hardware However, difficultiesariseif theapplicationrequiresanothetopologyfor a differ-
entpartof the calculation.An applicationillustratingthis pointis givenin section3.

2.3 Matrix Vector Multiply

A matrix vectorproductis anothercommoncomponenbf applications.In this sectionwe
considera particularform of matrix arising from a finite differenceapproximationto an
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Figure4: Topologyfor efficientmatrix-multiplication

[ no. of . sl aves+1] [di m beta] CHAN CF real.vector.channel forwards, backwards :
PLACED PAR
PROCESSOR 0 TB
master ( fs, ts )

PLACED PAR i = 0 FOR no. of .. sl aves
PROCESSOR i +1 TB
to.right IS forwards[i +1]
fromright 1S backwards[i +1]
to.left IS[ARRAY k = 0 FOR i OF backwards[i- k J[ k ]]

fromleft IS[ARRAY k = 0 FOR i OF forwards[i- k ][ k] ]:
slave ( fromleft , to.left , fromright , to.right )

Figure5: ConfiguratiorFile for Matrix VectorProduct

elliptic partial differentialequation. Thesematricesare symmetricpositive definitewith a
numberof diagonalsoffsetfrom the maindiagonal. Supposehatthe matrix andvectorare
distributedby rows, theneachslave needgo getcomponent®f thevectorfrom otherslaves
to completdts calculation.For the structureof the matrix givenherethis canbeachieved by
thetopologygivenin figure4.

3 An Application

The PreconditionedConjugateGradientMethod is an iteratve methodfor solving large
sparsesystemsof linear equations.In particular thereare two dot productswith the con-
sequentbroadcasbf the results;this requiresall the processordo synchronisewhile the
resultingcommunicatiorcannotbe overlappedwith any computation.

In [1] PCGMwasreformulatedo increasahe amountof algorithmicparallelismin the
methodanda taskgraphis givenin figure6.

Fromthetaskgraphwe notethatsomeof the building blocksin the methodcanbe exe-
cutedin parallel.In particular we notethat:

e Thecommunicatiorandcomputatiorof (b), (), (d) and(e)canbeperformedn parallel
with thatof (f);

e The communicatiorand computationof (h), (i) and(j) canbe performedin parallel
with thatof (k).

This formulationnow allows the overlap of communicatiorandcomputationrandhence
increaseghe available parallelism.In particular the communicatiorassociateavith calcu-
lating the inner productsand distributing the answercan be overlappedwith computation
elsavhere.

We give a configurationlevel codefor thereformulatedCGM in figure 7. To highlight
therequiredfunctionalitymary of thecomputationatietailsareomitted.

Therearethreedifferentvirtual connecwity topologiesn thisimplementation.
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Figure6: TaskGraphfor Reformulated®CGM

[ no. of . sl aves] CHAN OF nmessage to. sl ave,fromslave :

[ (tree.span+l)*(no. of . sl aves+1l)] CHAN OF REAL tree:

[ no. of . sl aves+1] [ di m beta] CHAN CF real.vector.channel forwards, backwards :

PLACED PAR

PROCESSOR 0 TB
master ( fs, ts, to.slave, fromslave ,

[down.tree FROM 1 FOR tree. span] ,
[up.tree FROM 1 FOR tree.span] )

PLACED PAR i = 0 FOR no. of . sl aves
PROCESSOR i +1 TB
to.right IS forwards[i +1]
fromright 1S backwards[i +1]
to.left IS[ARRAY k = 0 FOR i OF backwards[i- k J[ k ]]

fromleft IS[ARRAY k = 0 FOR i OF forwards[i- k ][ k] ]:
slave ( fromslave[i] , to.slave[i],
up.treel[i+1] ,
[up.tree FROM (tree.span*(i+1))+1 FOR tree.span] ,
down.tree[i+1] ,
[down.tree FROM (tree.span*(i+l1l))+1 FOR tree.span] ,
fromleft , to.left , fromright , to.right )

Figure7: ConfiguratiorFile for PCGM



e Thecommunicatiorof theinitial datato the slavesrequiresa virtual channebetween
themasterandevery slave.

¢ Thecalculationandsubsequerttroadcasof a dot productrequiresthe processeto be
connectedn atree of virtual channels.The bestspanfor this treeis an openques-
tion, the answerdependon mary considerationssuchas, the underlyinghardware
topology theratio of communicatiorio computationgetc.

e Thevirtual topologyrequiredfor calculatingthe matrix vectorproductdependsipon
thestructureof thematrixanddistributionamongstheprocessesf thematrix. Se€ 3]
for a discussiorof matrix vectorproductunderdifferentassumptionsboutthe struc-
tureanddistribution of the matrix.

4 Conclusions

OntheT9000 andC104 hardwaresachportionof thecodecanbewrittenassumingnultiple
virtual topologies.The hardwarehroughrouting facilities of the T9000 andC104 give an
efficient realisationof the requiredvirtual topologies. This both increasefficiengy and
reducesodedevelopmentcosts.
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