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Abstract

To meetincreasingperformancerequirementsof DSP
applications,application speci ¢ processordesigns,e.g.
functionunit (FU) duplicationandregister le (RF) distri-
bution, arewidely usedin the designof DSPprocessorsin
this paper anapplicationspeci ¢ approachs proposedor
the designof interconnectiometwork in suchDSP proces-
sors. By extractingthe schedulingnformationof DSPap-
plications,we decidethe minimal numberof requiredpar
tially connecteduses.Withoutimpactingthe performance
andincreasinghe hardwarecost,it providesoptimizedfu-
ture schedulinge xibility . Our resultsshawv thatreductions
of 40%in the numberof requiredglobalbusesand60%in
wire sggmentscanbe achieved.

Key words: ClusteredprocessorsArchitecture,Inter-
connectiometwork.

1 Intr oduction

Signal processing applications become increasingly
complicated.To meettheir tight performanceequirements,
high-endDSPprocessorssefunctionunit (FU) duplication
to exploit the maximalinstructionlevel parallelismin these
programsij.e. multiple copiesof onetypeof FU existin the
systemandthusmultiple instructionsof the sametype can
be executedat the sametime. However, theseFUsmay ac-
cesperand$romtheregister le (RF)simultaneoushand
incurgreatcontentiongor theRFE To simplify thehardware
designtheseFUsaregroupednto clustersandaccordingly
thesystemevel RFis dividedinto severalsubbanksWhile
eachclustercanread/writeits associatedRF subbankwith
low cost,aninter-clusteraccespasseshroughanintercon-
nectionnetwork andthusis muchmoreexpensve.

Figure 1 shaws the block diagramof TI TMS320C62x
[5]. It containstwo datapathgclusters)and the register

le is dividedinto two subbanks.FUs on datapath(clus-
ter) A canaccessegister le A directly within onecycle. If
theseFUs wantto accesgegister le B, onepipelinestall
is insertedby the hardwareautomatically Inter-clusterdata
transfersn TI TMS320C62xusetwobuseq1 ;2 ). How-

ever, at ary given time, only one dataitem canbe trans-
ferredon eachbus, e.g. from register le A to datapatiB.
Thebusesn TI TMS320C62xconneck outof 8 functional
units.
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Figure 1. TI TMS320C62x Bloc k Diagram.

The interconnectiometwork betweenclusterscan be-
comea bottleneckand hurt the overall performance. As
we will seein this paper unrolling the kernelloop canex-
ploit the parallelismin the program.However, inter-cluster
datatransferancreasesigni cantly andlimit the peakper
formancethat the processorcan achieve. While compi-
lation basedapproachesave beenrecently proposedto
re-schedulghe programand reducethe inter-clusterdata
transfers[6, 7], we take a hardware approachin this pa-
per, thatis, anapplicationspeci c interconnectiometwork
designis proposedo reducethe hardwarecostwithout per
formancedegradation.As we know, to reducethe overhead
of schedulingon clusteredDSP processorsPSP applica-
tions are usually statically compiledwith explicit schedul-
ing informationembeddedn the code. For example,using
VLIW code,eachinstructioncontains4, 8 or more opera-
tionswhich explicitly specifythefunctionunitsandassoci-



atedregisters.On the otherhand,mary embeddedystems
aredesignedo run alimited numberof applicationsappli-
cationspeci c processodesignsanthustake advantageof
theseapplicationgo reducethe hardwarecost.

Theinterconnectiometwork betweerfunctionunitsand
register les in differentclusterscouldbecrossbanetwork,
i.e., thereis a physicalconnectionbetweeneachfunction
unit and eachregister le. While it providesthe maximal
transfer e xibility, its high hardwarecostprohibitsits prac-
tical use.Ontheotherhand,afully connectedusthatcon-
nectseachdedicatedregister le andall function unitsin
otherdatapaths,hasthe potentialto becomea bottleneck.
In addition,the bus speeds limited by the numberof func-
tion unitsthatareconnectedo it andthusthefully connec-
tion slows down the performance.

Severalpreviousworks solve theconnectiorproblemon
datapathsn singleprocessoandthusarerelatedto our re-
search[4] addressetheinterconnectiorsynthesigproblem
similar to ours. The performance-constraintezlgorithms
areproposedo minimizethe numberof buses.Integerlin-
earprogrammingmodelsare alsoproposedn the paperto
solve the problem optimally. However, sincewe are us-
ing different processomodels, the datatransferin their
modelis boundto aparticularcyclewhileit is e xiblein our
model. [2] exploredtheinterconnectrchitecturebetween
theprocessoandthe memory [1] focusedon operationas-
signmenbnagivenVLIW processoandmadetheassump-
tion thattheinterconnectiometwork is given. All of these
worksareatthe singleclusterlevel. Compilationbasedap-
proacheg6, 7] arerecentlyproposedo take existing inter-
connectiometwork constraint@ndoptimizethescheduling
undertheseconstraints. Our approachhowever, removes
theinterconnectiorconstraintaandincreaseshe e xibility
in software scheduling. As shavn in this paper our ap-
proachis orthogonalto compilationoptimizationsandthus
canbeusedtogethemwith advancedschedulingechniques.

Therestof the paperis organizedasfollows. We model
DSP applicationsas well astarget processorchitectures
in section2. The proposedapproachs motivedandbrie y
discussedh section3 anddiscussedh greatmoredetailsin
section4. The experimentalresultsaregivenin section5.
Section6 concludeghe paper

2 Fundamentals

2.1 Modeling DSPapplications

DSPapplicationsspendmostof their executiontime on
loops[6]. For simplicity, this paperfocusesnbasicblocks
of kernelloops. Our proposedapproactcanbe extendedo
kernelsby takingcontrol o wsinto consideration.

A basicblockin a DSPapplicationis modeledasa data
ow graph (DFG) in this paper It is a directedweighted
graphG = (V;E;d;t) whereV is the setof computation
nodeg(instructions) E is a setof edgeghatde nesthedata

dependengrelations,j.e.E = f : V! V;d(e)isanum-

berof delays(registers)or anedgee 2 V. Thesetof edges
without delay composes DirectedAcyclic Graph,which

representslatadependenciewithin the sameiteration.

& 4

Figure 2. A Directed Acyclic Graph G

For illustration purposea simple DAG is shavn in Fig-
ure 2 andwe useit throughouthis paper This DAG exam-
ple consistof 9 operations.Eachoperationis represented
by anodelabeledasA, B, etc. All theseoperationareaddi-
tionsin this examplealthoughthey canbe additions multi-
plicationsor otheroperationsn arealprogram.A directed
edgerepresents datadependeng from the operationthat
generateadataitemto theoperatiorthatconsumeshedata
item. As it is shawvn in the Figure 2, operationG depends
on the outputsof operationsB and C. Sincethereare no
control o w edgesthe DAG is thusagyclic.

2.2 Modeling Clustered DSP Processors

Figure 3 illustratesthe target processomodel which
containsasetof n DSPclusters Eachclustercontaingmul-
tiple functional units and oneregister le. The functional
unitsin oneclustercanaccessts register le with low cost.
However, whena FU wantsto accessa remoteregister, the
contentis transferredrom aninterconnechetwork(CN). It
is moreexpensve andslow.

>
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Figure 3. Target Architecture

In this paper our goal is to optimize the interconnec-
tion network for givenpre-schedule®SPapplicationsin a
pre-schedule®SPapplication all operationareexplicitly
assignedo FUsandthey areexecutedn their programor-
der. Multiple inter-clusterdatatransferamight occurat the
samdime andtheinterconnectiometwork needgo becare-
fully designedo eliminatethe possibledelays. For exam-
ple, while F U; in cluster2 fetchesan operandrom RF,
F Uz maywantto fetchanoperandrom RF,. Two straight-
forward connectiorschemesxist to satisfythe transferre-



quirement.The rst oneis to connectRF; to FU; in clus-
ter2 andRF; to F Uz in cluster2 respectiely. Thegeneral
form of this approaclis to connecteachRF andeachF U
using a differentconnectionsegment,i.e. a crossbamet-
work. Clearlytherewould betoo mary connectionsandthe
high costwould prohibitits practicaluse.

Thesecondlesignis to usebuses.Sincewe have two si-
multaneoudransferstwo busesareneeded Eachbuscon-
nectsall register les andall functionalunits. In general,
thenumberof buseds themaximumnumberof inter-cluster
datatransferghatcanoccurin aschedulegrogram.While
this numberis notvery big, therearetoo mary connections
pointson eachbusandresultsin longerbusdelayandhigh
physicalareacost.

In this paper we usean applicationspeci ¢ processor
design (ASIP) approachand proposea partial connected
busconnectiorschemavhich (1) reducesherequiredbuses
for pre-schedulapplicationsj2) optimizesthe connection
points on eachbus without introducingary performance
degradation.

3 Algorithm Overview

In this section,we motivateandbrie y discussour pro-
posedapproach.Thealgorithmdetailswill bediscussedn
thefollowing section.

For illustration purposewe assumehatthe givenarchi-
tectureconsistsof two clustersand eachcluster contains
oneadder FU. Eachis associatedvith a RF asit is shavn
in Figure 3. Transferringdatafrom oneto anotherwould
requirea partially buswhich maybesharedy multiple FUs
andRFs.At ary giventime, only onedatatransferis possi-
ble on eachbus.

3.1 List Scheduling

The inputs are DSP applicationsscheduledcby a tradi-
tional list schedulingalgorithm. The algorithm rst num-
bersall functionalunitsandthenschedulesnoperationto
thenext availableFU of the sametypewith smallesindex.
It givesmorepriority to localFUsduringtheschedulingand
achivesfastschedulingoy usingthe heuristicto schedule
eachoperationasearlyaspossible.

The detailedlist algorithmworks asfollows. An opera-
tion (instruction)is consideredhsa readyoperationat con-
trol stepcsiif it doesnot dependon ary otheroperationsor
all of its dependabl@perationshave generatedhe results.
As we scantheprogram readyinstructionsareinsertednto
alist andorderedaccordingo thenumberof its dependent
operationsj.e. how mary otheroperationghatdependon
it. At ary control stepcs, the readynode of the highest
priority is selectedandremovedfrom thelist. Therestare
scheduledn laterstep.

For example,supposenodeB andH in the Figure2 are
both readyfor scheduling.SincenodeG and| areall de-
pendingon the B's outputandthe longestiengthfrom B to

| is 3. The nodeH only hasone child nodeof | andthe
longestlengthfrom H to | is 1. ThusB will be scheduled

beforeH will.
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(a) Scheduling diagram (b) Data transferring diagram
Figure 4. DAG G's Corresponding Scheduling
and Data Transferring Diagram

By applyingthelist schedulingalgorithmon thesample
programwe getthe schedulingschemeasFigure4(a). Op-
erationnodeA, B, E, G andl areassignedo functionalunit
P1 while the operationnodesD, C, F andH areassigned
to P2. The lines with arrows indicatethat the datatrans-
fersarerequiredduring the operations.For example,there
is anarrow pointingto A from C which representthe data
transferfrom functionalunit P1to functionalunit P2during

rst controlstepafternodeA hasgeneratedts outputdata.
NodeD alsoproducesnput datafor nodeE. Thusthereis
anotherline with arrow pointingto E from D which indi-
catesthata datatransferis requiredbeforenodeE startsits
computation.So the datatransfercanhappereitherin the
control step1 after nodeD generatedts outputor in the
control step2 beforenodeE startsits computation.Please
notethatno datatransferringis requiredif two dependable
nodesarescheduleanthe samefunctionalunit. For exam-
ple,asit is shavnin Figure2 thatthereis adatadependeng
betweermodeA andB, no datatransferis necessargince
thesetwo nodesareschedulean the samefunctionalunit.

3.2 Our Motivation

In the above schedulingwe assumeunrestrictednter-
connectionnetwork, or, thereis always an free communi-
cation channelwhen a datatransfertakes place. While it
is possibleto x the interconnectiometwork beforehand
andtake it into the schedulinglecision,it clearlylimits the

e xibility andhurtsneverthelesghe performancelnstead,
we take anotherapproachn this paper The schedulingal-
gorithm canstill schedulethe operationswithout network
constraints. We take the scheduledapplicationsas inputs
anddesigntheinterconnectiometwork with minimal hard-
warecostto maintainthe desiredoerformance.

Our key obsenationis thatin the list schedulingalgo-
rithm, all dataitemsaretransferredmmediatelyafterthey
aregenerated However, thatis not necessaryActually, it
is possibleto transferthedataitem anytime afterit is gener
atedandbeforeit is used.Assumingthereis noregister le
pressurethe dataitemis rst written to a local temporary
registerandcould be transferredater. In this way, we can



greatly reducethe burst bus requirementoy balancingthe
transfersoverthetime.

For this purposeadatatransferdiagramis built in which
cyclesareexplicitly shavn ascontrol steps(X-axisin Fig-
ure 4(b)). We also mark operationsand all control steps
thata datatransfercanpossibletake placeatthatstep.The
line sggmentsundereachcontrol stepin Figure4(b) repre-
sentthe possibledatatransfers Theleft operations always
a senderand a right nodeis alway a recever. For exam-
ple, X 11 representshe datatransferfrom nodeA to node
C duringthe rst controlstep. X 21 andX 2, representhe
possibledatatransferfrom nodeD to nodeE. Sincedata
transferringtakes only one control step,oneandonly one
of X1 or X2, canbel. As we discussedif atthe control
step2, the datatransfersfrom D to E andfrom C to G all
happenatotal of 2 busesis requiredto ful Il thetransfer

A carefully analysisshavn that if we assignthe data
transfersfrom A to C andfrom D to E in control step1,
assignthe datatransfersrom C to G in control step2 and
assignthe datatransferfrom E to H in control step3, we
needonly 2 buses.This is a simpleexamplewhich canbe
easilyanalyzed.For complicatedcaseswe will developa
systemati@pproachanddiscusst in detailsin section4.

3.3 Optimized List Scheduling

As wediscussedschedulingpptimizationcangreatlyre-
ducethe numberof globalbusesin theinterconnectiomet-
work. However, our approachs orthogonalto scheduling
andcanbeusedn combinatioron existing schedulingech-
nigues.

In this section,we proposean optimizedlist scheduling
algorithmandit is usedin our experiments.An improve-
mentis madeduringthestepof assigningoperationsWhile
in thetraditionallist schedulinganoperationis assignedo
theavailableFU in x ed order, we insteadpick up the FU
which hasthemajority of its parentoperationsThis heuris-
tic minimizestheinter-clusterdatatransfersandlowersthe
numberof requiredglobal buses.For example,afterapply-
ing this optimization,the schedulingandits corresponding
datatransferdiagramareshown in Figure5 which reduces
the numberof requiredglobal busesfrom 2 to 1 ascom-
paredto Figure4.
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(a) Scheduling diagram (b) Data transferring diagram

Figure 5. Optimiz ed Scheduling and its Cor-
responding Data Transferring Diagram

4 Optimizing Interconnection Net-

works

We discussour approachto optimize the interconnec-
tion network in this section. The approachs divided into
two steps: we rst model the schedulinginformation in
an integer linear programmingsolver. It is thensolvedin
polynomialtime anddecidetheminimumnumberof global
buseswithout performancedegradation. We then decide
the topology of the interconnectiometwork basedon the
schedulanodelcreatedn the rst step.

4.1 Determinethe Data Transfer Scheme

Our algorithmis basedon the applicationandarchitec-
ture modeldescribedn section2. We follow the two con-
straintsdiscussedn the previous section: (1) time con-
straint. Thatis, given a statically scheduleDSP applica-
tion, inter-clusterdatatransfersare e xible aslong asthe
operandsretransferredafterthey areproducedandbefore
they areconsumed(2) busconstraint.Thatis, atany given
time, the numberof simultaneouslhdatatransfercantake
up to the numberof buses.

Algorithm 1 extractsthe time constraintfrom the pre-
scheduledDSP applicationand createa datatransferdia-
gram. Theinputis a schedulingdiagramasshaown in Fig-
ure4. It generates list of transfervariablesnotedasxi;
whichindicateghatthei th dataitemtransfercouldhap-
penatj th controlstep.If x;j = 1,thedatatransferdoes
happerfori th datatransferatstepj . Otherwisejt is not.

Proc-ConstrucData TransferDiagram

1 edgeList all edgesonDAG G

2 transferList 0;i O

3  for eachedgeein theedgeList

4 PEN;:) Processobnit onwhich
theproducingnodeN is scheduled

5 PEN.) Processobnit onwhich
theconsumingnodeN; is scheduled

6 if PE(N1) 6 PE(N3y)

7 i increasedy 1;

8 csstart  controlstepof N1 completes

9 cscomplete controlstepof N, starts

10 for eachj thatcsstart j < cscomplete

11 transferList  InsertList; , transferList)

12 returntransferList

By applyingthis algorithm,we will createa list of X;
asshowvn in Figure 4(b). For illustration purposewe use
the traditional schedulingasthe input in this section. Our
experimentstake the optimizedschedulinginformationas
theinput.

After creatingthelist of X; , we addbusconstraintand
formulateit asfollows. (1)-(5) indicateseachdatatransfer
takesonecycle. And (6)-(9) indicatesat mostb simultane-
oustransfersarepossible.



X1 =1 1)
Xo1+ X2 = 1 2
X32 + Xzz = 1 (3)

Xa3 = 1 4)

Xsa = 1 (5)

asevery datatransfertakesonly onecontrolstep.And

X11 + X21 b (6)
X22 + X32 b (7)
X33 t Xa3 b (8)

X54 b (9)

(2)-(9) canberewrittento asfollows.

0 1

0
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S1

(10)
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Thusequation(10) canbesimplied asCY = V.

Solving equation (10), we obtain b = 2,
XT = (1;1;0;1;,0;1;1) where XT =
(X113 X215 X225 X32; X33} X43; X54)

Thefollowing summarizehe generalprocedureof solv-
ing the minimum numberof global busesandit's related
CN topology

C=

Derive DataTransferDiagram(DTD)on givenDAG
De ne vectorX T = (x11; 5 Xij ;1 Xmn ) Wheremis
the numberof transfersandn is the numberof control
stepsl i mandl | n.

De ne vectorSt = (sg;::;Sj; 15 Sn) whereS; isnon
negativeintegerandl j n

De ne vectorYT = (XT;ST)

De ne vectorV = (1;::;1;b;:::;b). Therearem 1's
andnb'sin thevectorV.

Construcimatrix C basednthe propertieof theDTD

- gonstructmatrix B basedn eachdatatransfer,

P Xj = 1
j
- gonstructmatrix D basedon eachcontrol stepj,
i Xij b
— Xjj 2 0;1foreveryi,jandb 0
_ B O
c= D I3

SolvingCY = V for X —IntegerLinearProgramming
in polynomialtime

After modelingthe constraintdn matrix format, clearly
it is an linear programmingproblem. Although a general
integer linear programmingproblemis NP-hard,we will
shawn in the following that given the propertiesof matrix
C,CY = U issolvablein polynomialtime.

DEFINITION 4.1 A squak, integer matrix B is called uni-
modular (UM) if its determinantdet(B) = + 1. Anin-

teger matrix A is calledtotally unimodular(TUM) if every
squae, nonsingularsubmatrixof A is UM.

THEOREM 4.1 An integer matrix A with a; = 0; * 1lis

TUM if no more than two nonzeo entriesappearin any
column,and if the rows of A can be partitionedinto two
setsl; andl, sud that:

1. if a columnhastwo entriesof the samesign, their rows
arein differentsets;

2. if a columnhastwo entriesof differentsigns,their rows
arein thesameset.

The matrix C in equation10 hasexactly the properties
describedn theabove theoremsince

xrl
(11)

(12)



Equation(11) simply reiteratesthe fact that eachdata
transfertakes one control step. Thus, for eachrow in the
matrix C, only onevariablewill bel andtherestwill all be
0s.In equation(12), b is thenumberof sharedglobal buses
in question.Thusmatrix C is total unimodular

THEOREM 4.2 If Ais TUM, thenall theverticesof Ry (A)
are integer for anyinteger vectorb.

Thus a standardform Linear Programmingwith TUM
matrix will alwaysleadto anintegeroptimumwhensolved
by the simplex algorithm.

Whenan LP is formulatedwith inequality constraints,
suchasequation(12), the sameresultholds.

Let thecorrespondingpolytopebe

R2(A) = fx:Ax b;x Og (13)
Thenwe have thenext theorem.

THEOREM 4.3 If Ais TUM, thenall theverticesof R,(A)
areinteger for anyinteger vectorb.

The proof of the above theoremscan be found in [3].
Basedon theabove theoremsit's not dif cult to provethat
thematrix C is TUM asit satis esthe conditionsspeci ed
in Theorem4.1. Thus, determiningthe minimum number
of globalbusess notageneraNP completeproblemandit
takespolynomialtimeto nd theoptimalsolution.

4.2 Determining the ConnectionScheme

Besidesthe minimum numberof global buseswe cal-
culatedfrom the rst step,anapplicationspeci c intercon-
nectionnetwork designhasto determinenow these=Usand
RFsareconnected We will exploit the datatransferinfor-
mationanddeterminethe topologyto reducethe hardware
costwhile achieve maximalfuture e xibility .

To determinaf aconnectiorfrom aFU or RFto abusis
necessarin interconnectiometwork, we usethedatatrans-
fer informationfrom the rst step. An algorithmis devel-
opedandshavn asfollows.

DETERMINECN TOPOLOGY(G, S,DTD, b)
1 cs O

2 Bus[i] O,ifrom1tob

3 N total numberof datatransfers

4 repeat

5 forj=1toN

6 if Xesj = 1

7 then FU1  processoof Producerics; )
8 FU2  processopf Consumerfcs; )

9 fori=1,...,b

10 if FUlor FU22 BUSJi]

11 Bus[i] InsertListikcs; , Busli])
12 continue;

13 Bus[1] InsertListfcs; , Bus[1])

14 cs cs+l
15 until cs > maximumcontrolstepof the schedulindength
16  outputBus[i],i from1tob

It maintainsb busesandtry to reducethe connection
pointsby reusingpreviousones. If a datatransferfrom A
to B happensatsomestep,it checksif A or B hasbeento
connectedo abus. If yesandthatbusis idle, we canreuse
it. If oneof themis in abus,we canaddonemoreconnec-
tion point. If thereis nosuchbusor thebusis busy, thenwe
canconnectA andB to afreebus.

5 Experimental Results

We have implementedand evaluatedthe proposedalgo-
rithmsonasetof digital signalprocessingpplicationsThe
optimizedlist schedulingalgorithm(discussedh section3)
is implementedand usedto generatehe input scheduling
scheme.The processomrchitectureis basedon Figure 3.
To exploit themaximalinstructionlevel parallelismwe un-
fold the loop severaltimes (indicatedin the results)which
canuseupto 15 clusters.For the rst 5 clustersgachcon-
tainsanadderanda multiplier. For therest,eachcontains
anadder

The benchmarkswe usedare all digital Iters. 4-lat
refersto 4 lattice Iter while biquadrefersto thebiquadratic
digital lter. A sufx indicateghenumberof timesthepro-
gramis unfolded,e.g. _uf 2 meansthe loop is unfolded?2
times.

Before After
H Benchmarks‘ Optimization Optimization H
4-lat 11 3
4-lat-uf2 13 4
4-lat-uf3 10 5
biquad 2 2
biquad-uf2 4 4
biquad-uf3 6 4
erlat-uf2 17 11
er-lat-uf3 13 10
elf-uf2 5 3
iir-uf2 5 4
iir-uf3 8 5
rls-lat-uf2 9 5
volt 5 1
volt-uf2 13 2
volt-uf3 11 3
[[ Average [ 7.8 [ 435 I

Figure 6. Number

Buses. ] ]
Figure 6 compareghe requiredglobal buseswith and

without proposednterconnectiometwork optimization.In
the rst column, we list benchmarksn the experiments.
Column 2 reportsthe maximal numberof busesfor the
pre-scheduledatatransferschemeawithoutintroducingary
performancedegradation. Column 3 reportsthe reduced
numberof busesafter optimization. For example, 4 lat-
tice lter, 11 and3 busesarerequiredbeforeandafter op-
timizationrespectiely. On average the algorithmreduces
themaximalnumberof busesby 44.2%.Thuswe conclude
the proposedalgorithmis very effective in remaving bus
contentions.

With the x ednumberof globalbuseswe thencompare
thenumberof connectiorsegmentsn thenetwork with dif-

of Partially Connected



Benchmark | Fully Con- | Connection Partially
nected in Pairs Connected
Buses Buses

4-lat 39 11 11

4-lat-uf2 56 22 22

4-lat-uf3 70 25 25

biquad 6 2 2

biquad-uf2 | 28 4 4

biquad-uf3 | 36 6 6

erlat-uf2 88 23 23

erlat-uf3 88 23 23

elf-uf2 9 8 8

iir-uf2 32 6 6

iir-uf3 50 9 9

rls-lat-uf2 20 10 10

volt 10 10 10

volt-uf2 28 16 16

volt-uf3 42 21 21

[ Average [ 34 [ 12 [ 12 I

Figure 7. Segments in the Network.

ferentconnectiontopology (Figure 7). Column1 lists the
benchmarks. Column 2 reportsthe numberof segments
whenusingfully connectedjlobalbuses.Column3 reports
the resultswheneachconnectionis setupbetweena regis-
ter le andafunctionalunit,i.e. in pairs.Column4 reports
theresultswhenusingpartially connectedjlobalbuses.We
canseefrom the tablethat differenttopologiescangreatly
affect the numberof connectionsegmentsin the network.
Onaverageconnectiorin pairsor usingpartially connected
busescanreduce64.7%of connectionsggments.Sincethe
numberof segmentsaffectsthe hardwarelayoutaswell as
thewire connectionijt is bene cial to have a smallnumber
of connectionsegments. Applying an applicationspeci ¢
designapproachyreatlyreduceghis numberandthusopti-
mizesDSPprocessodesigns.

Benchmarks | Partially Connection Ratio of C
Connected in Pairs(C) overA
Buses(A)
4-lat 480 11 0.023
4-lat-uf2 45360 22 0.00049
4-lat-uf3 209160 25 8.6e-5
biquad 2 2 1
biquad-uf2 4 4 1
biquad-uf3 65 6 0.09
er-lat-uf2 297 23 0.0774
er-lat-uf3 11292 35 0.0031
elf-uf2 27 8 0.296
iir-uf2 8 6 0.75
iir-uf3 33 9 0.27
rls-lat-uf2 147 10 0.068
volt 2e7 10 5e-7
volt-uf2 362880 16 4.41e-5
volt-uf3 2.4e8 21 7e-11

Figure 8. Network Connectivity .

From the previous experiment,we concludethe inter-
connectionnetwork shouldeithertake partially connected
busesor have connectionin pairs. We thendo the experi-
mentto comparesheirconnectione xibility . Figure8 com-
paresthe possibleconnectionchoiceat ary giventime. A
connectiorchoiceis a datatransferfrom aregister le to a
functionalunit. With partially connectecuses,ary regis-

ter les cansendto ary functionalunitsif bothpartiesare
connectedo the bus. With pair connectionthereis only
one choicefor eachconnection. All connectionseggments
in pair connectiorcould be usedsimultaneouslyvhile only
onetransfercantake placeon eachbus at any giventime.
However, bus connectiorsimplify the the hardwaredesign
andthe performanceéottleneckhasbeenremovedthrough
ILP solwer.

6 Conclusion

In this paper we proposean applicationspeci c ap-
proachfor the designof interconnectiometwork in clus-
teredDSPprocessorsUsingintegerlinearprogrammingit
determinesa minimal numberof partially connecteduses
in polynomialtime. TheapproacHurtherdeterminesnop-
timized connectiorschemavhich increaseshe connection
e xibility without causingfurtherhardwarecost.
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