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Abstract. The purposeof this paperis to shav a contritutor the
requiredstyle for a paperfor ECAI-2000andPAIS-2000.The spec-
ificationsfor layoutaredescribedsothatnon-BTpX userscancreate
their own style sheetto achieve the samelayout. The sourcefor the
samplefile is availablefor IATEX users.The PostScriptandthe PDF
file is availablefor all.

The layoutis identicalto ECAI-98 papersexceptfor the footers.
Thepublisher(I0S Presswill insertafooterfor eachpage.

1 GENERAL SPECIFICATIONS

Thefollowing detailsshouldallow contributorsto setup thegeneral
pagedescriptiorfor their paper:

1. The paperis setin two columnseach20.5 picas(86 mm) wide
with acolumnseparatopof 1.5 picas(é6 mm).

2. Thetypefaceis TimesModernRoman.

3. The body text sizeis 9 point (3.15 mm) on a body of 11 point
(3.85mm) (i.e. 61 linesof text).

4. Theeffective text heightfor eachpageis 56 picas(237mm). The
first pagehaslesstext height.It requiresanadditionalfooterspace
of 3.5 picas(14.8mm) for the copyright insertedby the publisher
and1.5 picas(6 mm) of spacebeforethetitle. The effective text
heightof thefirst pageis 51 picas(216 mm).

5. Thereare no runningfeet for the final camera-readyersionof
the paper The submissiorpapershouldhave pagenumbersn the
runningfeet.

2 TITLE, AUTHOR, AFFILIA TION,
COPYRIGHT AND RUNNING FEET

2.1 Title

Thetitle is setin 20 point (7 mm) bold with leadingof 22 point (7.7
mm), centredover the full text measurewith 1.5 picas(6 mm) of
spacebeforeandafter.

2.2 Author

The authors nameis setin 11 point (3.85 mm) bold with leading
of 12 point (4.2 mm), centredover full text measurewith 1.5 picas
(6 mm) of spacebelow. A footnoteindicatoris setin 11 point (3.85
mm) mediumandpositionedasa superscriptharacter

1 Information Technology Researchlinstitute, University of Brighton,
Brighton,BN2 4GJ,UK, email:ecai98@cogs.susx.ac.uk

2 AustrianResearchnstitutefor Artificial Intelligence,Schottengassg, A-
1010Vienna,Austria,email:ecai2000@ai.uwie.ac.at

2.3 Affiliation

Theaffiliation is setasafootnoteto thefirst column.Thisis setin 8
point (2.8 mm) mediumwith leadingof 8.6 point (3.1 mm), with a1
point (0.35mm) footnoterule to columnwidth.

2.4 Copyright
Thecopyright detailswill beinsertedby the publisher

2.5 Running feet

Therunningfeetis insertedby the publisher For submissiorplease
insertpagenumbersn the middle of the runningfeet. Do notinsert
pagenumberdor thecamera-readyersionof the paper

3 ABSTRACT

The abstracftfor the paperis setin 9 point (3.15mm) medium,ona
bodyof 10point(3.5mm). Theword Abstractis setin bold, followed
by afull pointanda0.5picaspace.

4 HEADINGS

Threeheadingevelshave beenspecified:

1. A level headings

e Thefirst level of headingis setis 11 point (3.85mm) bold, on
abodyof 12 point (4.2 mm), 1.5 lines of spaceabose and0.5
linesof spacebelaw.

e Theheadings numberedo onedigit with a 1 picaspacesepa-
ratingit from thetext.

e Thetext is keyedin capitalsandis unjustified.

2. B level headings

e Thesecondevel of headingis setis 11 point (3.85mm) bold,
on abody of 12 point (4.2 mm), 1.5 lines of spaceabose and
0.5linesof spacebelaw.

e The headingis numberedto two digits separatedvith a full
point, with a 1 picaspaceseparatingt from thetext.

e Thetextis keyedin upperandlower casewith aninitial capital
for first word only, andis unjustified.
3. Clevel headings

e Thethird level of headings setis 10 point (3.5mm) italic, on
abodyof 11 point(3.85mm), 1.5linesof spaceabore and0.5
linesof spacebelaw.



e The headingis numberedo threedigits separatedvith a full
point, with a 1 picaspaceseparatingt from thetext.

e Thetext is keyedin upperandlower casewith aninitial capital
for first word only, andis unjustified.

4. Acknowledgements
This headingis the samestyle asan A level headingbut is not
numbered.

5 TEXT

Thefirst paragraplof text following ary headingis setto the com-
pletemeasurdi.e. do notindentthefirst line).
Subsequemaragrapharesetwith thefirstline indentedoy 1 pica
(3.85mm).
Thereisn't ary inter-paragraplspacing.

6 LISTS

Thelist identifiermaybe anarabicnumberabullet, anemrule or a
romannumeral.

Theitemsin alist aresetin text sizeandindentedby 1 pica (4.2
mm) from theleft magin. Half aline of spacds setabose andbelon
thelist to separatét from surroundingext.

Seelayout of Section4 on headingsto seethe resultsof the list
macros.

7 TABLES

Tablesaresetin 8 point (2.8 mm) on a body of 10 point (3.5 mm).
Thetablecaptionis setcentredatthe startof thetable,with theword
Tableandthenumberin bold. The captionis setin mediumwith a1
pica(4.2mm) spaceseparatingt from thetablenumber

A oneline spaceseparatethe tablefrom surroundingext.

Table1l. Thetablecaptionis centredonthetablemeasurelf it extendsto
two lineseachis centred.

Processors
1 2 4
Window o O O A <o O A
1 1273 110 21.79 89% 6717 2242 61%
2 2145 116 10.99 50% 5386 10.77 19%
3 3014 117 4177 89% 7783 42.31 58%
4 4753 151 7155 77% 7477 6197 49%
5 5576 148 61.60 80% 7551 91.80 45%

< executiontimein ticks O speed-upvalues A efficiengy values

8 FIGURES

A figure captionis setcentredin 8 point (2.8 mm) mediumon a
leadingof 10 point(3.5mm). It is setunderthefigure,with theword
Figure and the numberin bold andwith a 1 pica (4.2 mm) space
separatinghe captiontext from thefigure number

Oneline of spaceseparatethefigurefrom the caption.

A oneline spaceseparatethefigure from surroundingext.

Grid of Transputers

Rows

Processes:

® Routing

. Buffers

. Computation

Structure of processes running on each transputer

Figurel. Network of transputersaindthe structureof individual processes

9 EQUATIONS

A displayequationis numberedusingarabicnumbersin parenthe-
ses.lt is centredand setwith oneline of spaceabore andbelow to

separatét from surroundingext. Thefollowing exampleis asimple
singleline equation:

Az =b (N

Thenext exampleis a multi-line equation:

©® —zy+zy—y° 2)
z’ + 2zy +y° @)

(z+y)(z—y)
(z+y)°

Theequalsignsarealignedin amulti-line equation.

10 PROGRAM LISTINGS

Programlistingsaresetin 9 point (3.15mm) Courieron aleadingof
11 point(3.85mm). Thatis to say anon-proportionafont is usedto
ensurehecorrectalignment.

A oneline spaceseparateghe programlisting from surrounding
text.

voi d inc(x)
int* x;

{
}

*X++;

int y =1;
inc(&y);
printf("%d\n",y);



11 THEOREMS

Thetext of atheoremis setin 9 point (3.15mm) italic on aleading
of 11 point (3.85mm). Theword Theoremandits numberaresetin
9 point (3.15mm) bold.

A oneline spaceseparatethetheoremfrom surroundingext.

Theorem1 Letusassumebhisis a valid theoem.In reality it is a
pieceof text setin thetheoemervironment.

12 FOOTNOTES

Footnotesare setin 8 point (2.8 mm) mediumwith leadingof 8.6
point (3.1 mm), with a 1 point (0.35 mm) footnoterule to column
width® .

13 REFERENCES

The referencddentifierin the text is setasa sequentiahumberin
squarebraclets. Thereferenceentryitself is setin 8 point (2.8 mm)
with aleadingof 10 point (3.5 mm), andappearsn the sequencén
whichit is citedin the paper

14 SAMPLE CODING

Theremainderof this papercontainsexamplesof the specifications
detailedabore andcanbeusedfor referencef required.

15 PROGRAMMING MODEL

Our algorithmswere implementedusing the single program, multi-
ple data model (SPMD). SPMD involveswriting a single codethat
will run on all the processorgo-operatingon a task. The dataare
partitionedamongthe processorsvhich knov what portionsof the
datathey will work on[7].

15.1 Structure of processesnd processors

Thegrid hasP = P, x P, processorswhere P, is the numberof
rows of processorand P, is the numberof columnsof processors.

15.1.1 Routeingnformationonthegrid

A messagenaybeeitherbroadcasibr specific A broadcasimessage
originateson a processoandis relayedthroughthe network until it
reachesll otherprocessorsA specificmessagés onethatis directed
to a particulartamgetprocessor

Broadcastmessageoriginate from a processorcalled central
which is situatedin the ‘middle’ of the grid. This processohasco-
ordinatey | P./2], | P./2]). Messagesrebroadcastsingthe row—
columnbroadcastalgorithm (RCB), which usesthe following strat-
egy. The numberof stepsrequiredto completethe RCB algorithm
(i.e. until all processoriave receved the broadcastalue)is given
by [ Pe/2] + [ Pc/2].

A specificmessagés routedthroughthe processorsisingthefind-
row—find-columralgorithm (FRFC)detailedin [5]. The messagés
sentfrom the originator processowertically until it reachesa pro-
cessorsitting in the samerow asthe target processorThe message
is thenmoved horizontallyacrossthe processorsn thatrow until it

3 This is an exampleof a footnotethat occursin the text. If thetext runsto
two linesthe secondine alignswith thestartof text in thefirst line.

reacheshetargetprocessorAn accumulatiorbasedntherecursve

doublingtechnique[9, pp. 56—61],would requirethe samenumber
of stepsasthe RCBrequireslf eithertherow or columnof theorigi-

natorandtargetprocessorarethe samethenthe messagevill travel

only in ahorizontalor verticaldirection,respectiely (see[12]).

16 DATA PARTITIONING

We usedatapartitioning by contiguity, definedin thefollowing way.
To partitionthedata(i.e. vectorsandmatricespmongtheprocessors,
wedividethesetof variablesV” = {i}/L, into P subset{ W, }}_,
of s = N/P elementsach.We assumewithout lossof generality
that IV is aninteger multiple of P. We defineeachsubsetasW,, =
{(p — 1)s + j};—1 (see[11], [4] and[2] for details).
Eachprocessop is responsibldor performingthe computations
over thevariablescontainedn W,,. In the caseof vectoroperations,
eachprocessowill hold segmentsof s variables The datapartition-
ing for operationsnvolving matricess discussedn Section17.3.

17 LINEAR ALGEBRA OPERATIONS
17.1 Saxpy

The saxyy w = w + av operationwhereu, v andw arevectors
anda is a scalarvalue,hasthe characteristi¢hatits computationis

disjoint elementwisevith respecto u, v andw. This meanghatwe

cancomputea saxjy without any communicatiorbetweenproces-
sors;the resultingvectorw doesnot needto be distributed among
the processorsParallelismis exploitedin the saxpy by the factthat
P processorsvill computethe sameoperationwith a substantially
smalleramountof data.Thesaxy is computedas

w; = u; +av;, Vi€ {Wp}ﬁzl (4)

17.2 Inner-product and vector 2-norm

Theinnerproducta = vTv = Eiv:l u;v; IS anoperationthatin-
volvesaccumulatiorof data,implying ahighlevel of communication
betweenall processorsThe meshtopologyandthe processesrchi-
tectureusedallowed a moreefficient useof the processorshan,for
instancea ring topology reducingthe time that processorareidle
waiting for the computednnerproductvalueto arrive, but the prob-
lem still remains.The useof the SPMD paradigmalsoimplies the
globalbroadcasbf thefinal computedvalueto all processors.

Theinnerproductis computedn threedistinctphasesPhasel is
the computatiorof partial sumsof theform

ap = Z u Xvy,, p=1...,P (5)
Vie{Wyp}

Theaccumulatiorphaseof theinnerproductusingthe RCA algo-
rithmis completedn thesamenumberof stepsastheRCB algorithm
(Section15.1.1).This is becausef the needto relay partial values
betweerprocessorsvithoutarny accumulatiortakingplace,owing to
theconnectvity of thegrid topology

The vector 2-norma = ||« ||z = vuTwu is computedusing
theinnerproductalgorithmdescribedabove. Oncetheinnerproduct
valueis receved by a processoduring the final broadcasphaseijt
computesthe squareroot of that value giving the required2-norm
value.



17.3 Matrix—v ector product

Forthematrix—\ectorproductv = Au, we useacolumnpartitioning
of A. Eachprocessoholdsa setW, (seeSection16) of s columns
eachof N elementof A ands elementf u. The s elementf u
storedlocally have a one-to-onecorrespondence the s columnsof
A (e.g.aprocessoholdingelementu; alsoholdsthe j-th columnof
A). Notethatwhereasve have A partitionedby columnsamongthe
processorghe matrix—\ectorproductis to becomputeddy rows

Thealgorithmfor computingthe matrix—\ectorproductusingcol-
umn partitioningis a generalizatiorof the innerproductalgorithm
describedin Section17.2 (without the needfor a final broadcast
phase) At a giventime during the executionof the algorithm,each
oneof P — 1 processorss computinga vectorw of s elementgon-
tainingpartialsumsrequiredfor the sggmentof thevectorw in there-
maining‘target’ processorAfter this computatioris complete each
of the P processorstoresa vectorw. Theresultingsegmentof the
matrix—vectorproductvectorwhich is to be storedin thetargetpro-
cessoirs obtainedby summingtogethethe P vectorsw, asdescribed
below.

Eachprocessoptherthanthe target processosendsits w vector
to oneof its neighbouringprocessorsA processodecideswhether
to sendthe vectorin eitherthe row or columndirectionto reachthe
target processobasedon the FRFCalgorithm (seeSection15.1.1).
If avectorpasseshroughfurtherprocessor# its routeto thetamet
processothe w vectorsare accumulatedThusthe target processor
will receve at mostfour w vectorswhich, whensummedo its own
w vector yield thedesiredsetof s elementof v.

17.4 Matrix—v ector product—finite-difference
approximation

We now considerapreconditionedrersionof theconjugate-gradients
method[7]. Notethatwe do not needto form A explicitly. Thisim-
plies a very low degree of information exchangebetweenthe pro-
cessorsvhich canbeeffectively exploitedwith transputerssincethe
requiredvaluesof u canbe exchangedndependentiithrougheach
link.

The preconditioningusedin our implementationss the polyno-
mial preconditioningsee[10], [6], [1] and[8]), which canbeimple-
mentedvery efficiently in a parallelarchitecturesinceit is expressed
asasequencef saxpys andmatrix—\ectorproducts.

We have I rows andcolumnsin the discretizationgrid, which we
wantto partition amonga P, x P. meshof processorsEachpro-
cessowill thencarry out the computationsassociatedvith a block
of |I/P:] + sign(l mod P;) rows and |I/P.] + sign(l mod P.)
columnsof theinterior pointsof thegrid.

Thematrix—ectorproductusingthe columnpartitioningis highly
parallel.Sincethereis no broadcasbperationinvolved,assoonasa
processoon the boundaryof the grid (eitherrows or columns)has
computedand senta w, vector destinedto a processorA’, it can
computeand(possibly)senda w, vectorto processofB’, atwhich
time its neighbouringprocessorsnay also have startedcomputing
andsendingheir own w vectorsto processofB’.

At a given point in the matrix—vector productcomputation the
processorsirecomputingw vectorsdestinedto processoA. When
thesevectorshave beenaccumulatedn the row of that processor
(stepl), the processorin thetop andbottomrows computeandsend
the w vectorsfor processoiB, while the processor®n the left and
right columnsof therow of processoA sendtheaccumulated vec-
torsto processoA (step2). ProcessoA now storesits setof there-

sultingwv vector(whichis theaccumulatiorof thew vectors).In step
3, theprocessorin the bottomrow computeandsendthe w vectors
for processof while the processoattheleft-handendof therow of
processoB sendgheaccumulatedv vectorsof thatcolumntowards
processoB. Thenext stepsaresimilarto theabove.

In our implementationwe exploit the geometryassociatedvith
theregulargrid of pointsusedto approximatehe PDE.A geometric
partitioningis usedto matchthe topologyand connectiity present
in thegrid of transputer¢Section15.1).

The discretizationof the PDE is obtainedby specifyinga grid
sizel defining an associatedyrid of N = {2 interior points (note
that this is the order of the linear systemto be solved). With each
interior point, we associate setof values,namelythe coeficients
C,N,S, E andWV.

18 CONCLUSION

We have shawn thatan iterative methodsuchasthe preconditioned
conjugate-gradientmethodmay be successfullyparallelizedby us-
ing highly efficient parallel implementationsof the linear algebra
operationsnvolved. We have usedthe sameapproactto parallelize
otheriteratve methodswith similar degreeof efficiency (see[4] and

(3)-
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