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In this paperwe extendthe methodto dealwith coarse-
grain operationsn staticscheduled/LIW Processorgasis
introducedby Busa [1]. We allow functionalunits with a
controllerthat doesnot traverseits statesin a predefined
way. This makesit possibleto executea functionthatcon-
tainsa conditionalconstructike anif-statementsasingle
operationon a functional unit. This way the performance
penaltyotherwisecausedy branchinstructionss reduced.
By adding a valid input and output signalsthe problem
is circumwentedthat during compilationit is for this type
of functional units not known when and how mary sam-
pleswill be consumedr produced.We will referto these
units as ConditionalInput/outputUnits (CIUs). The oper
ationsthatareexecutedon ClUs arecalledConditionalln-
put/outputOperationgClOs). Thedifferencewith guarded
operationss that the productionof a resultof a CIO de-
pendson the stateof the CIU.

An exampleof how ClOscanbeappliedin a C program
is showvn in Figurel. Insidethefor-loop the arrayof input
samplesis readand suppliedas a streamof samplesto a
function with the name“CIlQO”. This functionrepresenta
CIO at the C programlevel. It producesits resultin the
variabledout andthevalid signalin the variablevout. The
result dout is storedin the outputarray The addressof
the locationwherethis resultis storedis only incremented
whenthe valid outputsignalis true. Consequentlyinvalid
resultsare overwrittenin the outputarray An additional
inputsignalvin is suppliedto the CIO in orderto indicateif
thecurrentdin samplemustbe processed.

void COloop(int *Ain, int size, int *Aout){
int idx1=0, idx2=0, din, dout, vin, vout;
for(int i=0; i<size; i++){
vin=(idx > size);
Cl Q(AI n[idx1++], vin, &dout, &vout);
Aout [ i dx2] =dout ;
i dx2=i dx2+vout;} // vout 1l=true, O=fal se
}

Figure 1. For-loop in C with a CIO.

In orderto demonstratehe potentialbenefitsof CIOs
a bit-packingalgorithm hasbeenimplementedon an ap-
plicationspecificVLIW processomwith andwithout CIOs.
Theseprocessorsvere generatedrom a C-programwith

the A|RT Designer[2] tools. Theimplementedit-packing
algorithmis partof an MPEG2encoderandit concatenates
code-wordsn orderto obtaina streamcontainingmultiples
of 8 bit words. We assumethat the code-wordsandtheir
lengtharestoredin anarrayin memory Thebit-packingal-
gorithmreadsthe code-wordsandtheir lengthsoneby one
from thismemoryandconcatenatethe codewordsuntil the
requiredmultiple of 8 bitsis collectedandwritestheresult
in anoutputarrayin memory

The bit-packingalgorithmis implementedusinga CIO
with algorithmthatis similar to the oneshavn in Figurel.
The CIO performsthe concatenationf the codewordsand
producesaresultonly afterthe numberof bits collectedin
aninternalregister of the functionalunit hasexceededhe
bit-width of an outputword.

Table 1. Bit-pac ker implementation character -
istics. (fclk=100 MHz, 0.18 um)

Exam- Il func- code cellarea
ple tional size
(ce) | units | (w. x L) (um?)
No CIU 22 7 63 x 123 | 130000
With CIU 1 9 61 x 54 | 122646

Theresultsshavn in Table1l demonstrat¢hatthe VLIW
processorimplementationwith CIU has a higher perfor
manceanda smallercodesizeandcell area.The mainrea-
sonfor a smallercodesize andareaof the processomwith
a ClU is thatthe functionalunits arelesscomplex because
they needto executefewer differentoperationtypes. The
mainreasorfor theincreasan performancas the elimina-
tion of branchinstructions.

References

[1] N.Busa,A. vanderWerf, andM. Bekooij. SchedulingCoarse
GrainOperationgor VLIW processorsMadrid, Spain,2000.
ISSS.

[2] FrontierDesign.http://mwwifrontierd.com.



	Main
	DATE2001
	Front Matter
	Table of Contents
	Session Index
	Author Index


