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Abstract

In T8 systems,thephysicalconfigurationof thenetworkis of greatimportance;ap-
plicationsarewritten to run on rectangulargridsof transputers,or rings,or trees.Much
effort for somecurrentapplicationsis spentonwriting routinesto performcommunica-
tions betweennon-adjacenttransputers.The authorsareinvestigatingnumericalalgo-
rithms for a machinewherepoint-to-point communicationsvia channelsis providedin
hardware,suchasINMOS’sT9000 TransputerandC104 switchchip. Sucha system
will allow applicationswhichuseprocessorsconnectedin any virtual topology, andwill
allow suchapplicationsto run regardlessof thephysical configuration,althoughperfor-
manceondifferentconfigurationswill in generalvary.

1 Introduction

Networksof T9000 transputersareformedby connectingtogetherthetransputerswith the
C104 switch-chips;it is really the configurationof C104 that definesthe network topol-
ogy. Suchnetworksprovideautomaticroutingof messagesin sucha waythatalthougheach
T9000 hasonly four links, a largenumberof channelsmayusetheselinks andmayconnect
throughtheswitch-chipsto any otherT9000.

With practicallyarbitrarynumbersof channelsevenbetweendifferent,non-adjacenttrans-
puters,it becomeseasierto write applicationsin termsof topologieswhich fit theproblem,
ratherthanin termsof topologieswhich arephysicallyeasyto realise.It is possibleto write
Occamcodewithout worrying abouttheconstraintof four links per transputer, andwithout
worrying aboutwhethertheprocessescanbeconfiguredso thatcommunicationis between
adjacenttransputers.Codeis inherentlylessdependentonspecificdetailsof theproblemand
hardware,andso is potentiallymuchmorereusable.Similar functionalitycanbeachieved
usingvarioussoftwaretools, for exampleCStools,Tiny, Express,etc. However, usingvir-
tual channelsis morenaturalin Occamthanusingnamedprocessesasrequiredby theother
systems.

Anotherconsequenceof virtual channelsis theability to useseveralsuchvirtual topolo-
giesin a singlealgorithm,for examplea rectangulargrid for the bulk of a computationto-
getherwith an � -ary treefor summation.In particular, it is straightforwardto implementan
applicationthatrequirestheuseof two, or more,virtual topologiesat thesametime. This is
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[no.of.slaves]CHAN OF message to.slave :
PLACED PAR

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

PLACED PAR i = 0 FOR no.of.slaves
PROCESSOR (i+1) TB

slave ( to.slave[i] )

Figure1: ConfigurationFile for DataDistribution

usefulfor hidingmessagelatency whentwo partsof anapplication,whichbothrequirecom-
municationwith otherprocesses,canberun in parallel: TheT9000 styleof codingallows
this to beexpressedin a naturalway.

In orderto executethecodeon a particularT9000/C104 systemtheredoes,of course,
needto be a physicalconfigurationlevel. Therearetwo configurationlevels,onespecifies
the numberof T9000s andC104s andtheir physicalconnectionsandis not the user’s re-
sponsibility. The other, written by the user, specifiesthe numberof processesandassigns
theappropriatecodeandchannelsto them.This configurationlevel is written in Occamand
requiresnoknowledgeof thephysicalconfiguration.Thus,matchingaprogramto aphysical
topologybecomesaperformance problemonly—programscanrunonany network,but they
will runatdifferentspeedsondifferentnetworks.

Thesepointsareillustratedusinga virtual treetopologyfor a dot product,a multidimen-
sionalgrid topologyfor a sparsematrix multiply andusingthesetwo routinesto build an
iterative solver for anelliptic partialdifferentialequation.Occamcodefragmentsunderthe
Virtual ChannelRouter(VCR) [2] areusedto illustratethestyleof programmingandtheease
with whichapplicationsthatrequirecomplicatedtopologiescanbewritten.

2 Example Algorithms

In this sectionwe give codefragmentsfor distributing a vectorto a setof processes,a dis-
tributeddot productandmatrix vectormultiply, eachof which requirea differentprocess
topology. Wethenshow how simpleit is to combinethesebuilding blockstogetherto form a
completeapplication.

2.1 Distribution of Data

To distributeavectorfrom amasterprocessto asetof processeswecanuseavirtual channel
from the masterto eachslave. The mastersplits up the vector into appropriateslicesand
sendsthemdown a virtual channelto eachslave. Thesechannelsaredefinedandpassed
to the masterandslaves processesat the configurationlevel, seefigure 1. Note that it is
not necessaryto specify the underlyingprocessortopologyor how the processesareto be
assignedto theprocessors.

2.2 Dot Product

Thedotproductis a commoncomponentof many numericalalgorithms,its calculationon a
distributedmemorymulti-processoris bestperformedon a treeof processors.Oncethedata



[(tree.span+1)*(no.of.slaves+1)] CHAN OF REAL tree:
PLACED PAR

PROCESSOR 0 TB
master ( fs, ts, [tree FROM 1 FOR tree.span] )

PLACED PAR i = 0 FOR no.of.slaves
PROCESSOR (i+1) TB

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

Figure2: ConfigurationFile for Dot Product

PROC slave( CHAN OF REAL to.parent , [] CHAN OF REAL from.child )
... declarations
... get data (i.e. x and y) from master
SEQ
sum := zero
PAR

SEQ i=0 FOR r
sum := sum + (x[i]*y[i])

PAR j=0 FOR tree.span
IF

((tree.span*me)+(j+1)) <= no.of.slaves
from.child[j] ? tmp[j]

TRUE
tmp[j] := zero

SEQ j=0 FOR tree.span
sum := sum + tmp[j]

to.parent ! sum

Figure3: Slave for Dot Product

hasbeendistributed,eachslave formsits own sub-dotproductin parallelwith receiving the
resultsfrom its children,thesearethensummedandsentto theslave’s parent.Thecodeon
themasteris similarbut it only receivestheresultsfrom its childrenandformsthefinal result.
Outlinecodesaregivenfor theconfigurationlevel andslavein figures2 and3 respectively. At
theconfigurationlevel thetreeis obtainedby declaringa sufficiently long arrayof channels
andpassingappropriateslicesto themasterandslaves. Notethat theslavesat the leavesof
thetreehavedanglingchannelsandtheusermustensurethatthey arenotused.It is possible
to write a configurationfile whichdoesnot leave any danglingchannels;it is, however, more
complicatedthantheexamplegivenhere.Eachslave checkswhetheror not it is a leaf of the
treeandif not getstheresultsfrom its children.

On existing Transputermachinesa treeof processorswith spanthreeis achievable in
hardware.However, difficultiesariseif theapplicationrequiresanothertopologyfor adiffer-
entpartof thecalculation.An applicationillustratingthis point is givenin section3.

2.3 Matrix Vector Multiply

A matrix vectorproductis anothercommoncomponentof applications.In this sectionwe
considera particularform of matrix arising from a finite differenceapproximationto an



Figure4: Topologyfor efficientmatrix-multiplication

[no.of.slaves+1][dim.beta] CHAN OF real.vector.channel forwards,backwards :
PLACED PAR

PROCESSOR 0 TB
master ( fs, ts )

PLACED PAR i = 0 FOR no.of.slaves
PROCESSOR i+1 TB

to.right IS forwards[i+1] :
from.right IS backwards[i+1] :
to.left IS [ARRAY k = 0 FOR i OF backwards[i- k ][ k ]] :
from.left IS [ARRAY k = 0 FOR i OF forwards[i- k ][ k ] ]:
slave ( from.left , to.left , from.right , to.right )

Figure5: ConfigurationFile for Matrix VectorProduct

elliptic partial differentialequation. Thesematricesaresymmetricpositive definitewith a
numberof diagonalsoffset from themaindiagonal.Supposethat thematrix andvectorare
distributedby rows,theneachslave needsto getcomponentsof thevectorfrom otherslaves
to completeits calculation.For thestructureof thematrixgivenherethis canbeachievedby
thetopologygivenin figure4.

3 An Application

The PreconditionedConjugateGradientMethod is an iterative methodfor solving large
sparsesystemsof linear equations.In particular, therearetwo dot productswith the con-
sequentbroadcastof the results; this requiresall the processorsto synchronisewhile the
resultingcommunicationcannotbeoverlappedwith any computation.

In [1] PCGMwasreformulatedto increasetheamountof algorithmicparallelismin the
methodanda taskgraphis givenin figure6.

Fromthetaskgraphwe notethatsomeof thebuilding blocksin themethodcanbeexe-
cutedin parallel.In particular, wenotethat:

� Thecommunicationandcomputationof (b),(c), (d)and(e)canbeperformedin parallel
with thatof (f);

� The communicationandcomputationof (h), (i) and(j) canbe performedin parallel
with thatof (k).

This formulationnow allows theoverlapof communicationandcomputationandhence
increasestheavailableparallelism.In particular, thecommunicationassociatedwith calcu-
lating the inner productsanddistributing the answercan be overlappedwith computation
elsewhere.

We give a configurationlevel codefor thereformulatedPCGMin figure7. To highlight
therequiredfunctionalitymany of thecomputationaldetailsareomitted.

Therearethreedifferentvirtual connectivity topologiesin this implementation.



a

b

fc

d
e g

h
k

i

ja

b

a

���

�
���

���
��

� � � � �	�

 
�� ���

�

 
�� �




 
��

���

�

�

Task Operation
a vectorupdate
b dotproduct
c scalaroperation
d vectorupdate
e vectorupdate
f matrixvectorproduct
g vectorupdate
h dotproduct
i scalaroperation
j vectorupdate
k matrixvectorproduct

Figure6: TaskGraphfor ReformulatedPCGM

[no.of.slaves]CHAN OF message to.slave,from.slave :
[(tree.span+1)*(no.of.slaves+1)] CHAN OF REAL tree:
[no.of.slaves+1][dim.beta] CHAN OF real.vector.channel forwards,backwards :
PLACED PAR

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

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

PLACED PAR i = 0 FOR no.of.slaves
PROCESSOR i+1 TB

to.right IS forwards[i+1] :
from.right IS backwards[i+1] :
to.left IS [ARRAY k = 0 FOR i OF backwards[i- k ][ k ]] :
from.left IS [ARRAY k = 0 FOR i OF forwards[i- k ][ k ] ]:
slave ( from.slave[i] , to.slave[i],

up.tree[i+1] ,
[up.tree FROM (tree.span*(i+1))+1 FOR tree.span] ,
down.tree[i+1] ,
[down.tree FROM (tree.span*(i+1))+1 FOR tree.span] ,
from.left , to.left , from.right , to.right )

Figure7: ConfigurationFile for PCGM



� Thecommunicationof the initial datato theslavesrequiresa virtual channelbetween
themasterandeveryslave.

� Thecalculationandsubsequentbroadcastof a dotproductrequirestheprocessesto be
connectedin a treeof virtual channels.The bestspanfor this tree is an openques-
tion, the answerdependson many considerations,suchas, the underlyinghardware
topology, theratioof communicationto computation,etc.

� Thevirtual topologyrequiredfor calculatingthematrix vectorproductdependsupon
thestructureof thematrixanddistributionamongsttheprocessesof thematrix. See[3]
for a discussionof matrix vectorproductunderdifferentassumptionsaboutthestruc-
tureanddistributionof thematrix.

4 Conclusions

OntheT9000 andC104 hardwareeachportionof thecodecanbewrittenassumingmultiple
virtual topologies.Thehardwarethroughroutingfacilities of theT9000 andC104 give an
efficient realisationof the requiredvirtual topologies. This both increasesefficiency and
reducescodedevelopmentcosts.
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