
Functional Units with Conditional Input/Output Behavior in VLIW Processors

MarcoJ.G.Bekooij,Loek J.M.Engels,Albert vanderWerf, NatalinoG. Buśa
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In this paperwe extendthemethodto dealwith coarse-
grainoperationsin staticscheduledVLIW Processorsasis
introducedby Buśa [1]. We allow functionalunits with a
controller that doesnot traverseits statesin a predefined
way. This makesit possibleto executea functionthatcon-
tainsa conditionalconstructlike anif-statementasa single
operationon a functionalunit. This way the performance
penaltyotherwisecausedby branchinstructionsis reduced.
By adding a valid input and output signals the problem
is circumventedthat during compilationit is for this type
of functional units not known when and how many sam-
pleswill be consumedor produced.We will refer to these
units asConditionalInput/outputUnits (CIUs). Theoper-
ationsthatareexecutedon CIUs arecalledConditionalIn-
put/outputOperations(CIOs).Thedifferencewith guarded
operationsis that the productionof a result of a CIO de-
pendson thestateof theCIU.

An exampleof how CIOscanbeappliedin a C program
is shown in Figure1. Insidethefor-loop thearrayof input
samplesis readandsuppliedas a streamof samplesto a
function with the name“CIO”. This function representsa
CIO at the C programlevel. It producesits result in the
variabledout andthevalid signalin thevariablevout. The
result
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is storedin the output array. The addressof

the locationwherethis resultis storedis only incremented
whenthevalid outputsignalis true. Consequently, invalid
resultsare overwritten in the output array. An additional
inputsignalvin is suppliedto theCIO in orderto indicateif
thecurrentdin samplemustbeprocessed.

void CIO_loop(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);
    CIO(Ain[idx1++], vin, &dout, &vout);
    Aout[idx2]=dout;
    idx2=idx2+vout;} // vout 1=true, 0=false
} 

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

In order to demonstratethe potentialbenefitsof CIOs
a bit-packingalgorithm hasbeenimplementedon an ap-
plicationspecificVLIW processorwith andwithout CIOs.
Theseprocessorswere generatedfrom a C-programwith

theA �RT Designer[2] tools. Theimplementedbit-packing
algorithmis partof anMPEG2encoderandit concatenates
code-wordsin orderto obtainastreamcontainingmultiples
of 8 bit words. We assumethat the code-wordsandtheir
lengtharestoredin anarrayin memory. Thebit-packingal-
gorithmreadsthecode-wordsandtheir lengthsoneby one
from thismemoryandconcatenatesthecodewordsuntil the
requiredmultiple of 8 bits is collectedandwritestheresult
in anoutputarrayin memory.

The bit-packingalgorithmis implementedusinga CIO
with algorithmthat is similar to theoneshown in Figure1.
TheCIO performstheconcatenationof thecodewordsand
producesa resultonly after thenumberof bits collectedin
an internalregisterof the functionalunit hasexceededthe
bit-width of anoutputword.

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

Exam- II func- code cell area
ple tional size

( �	� ) units (w. 
 l.) ( ���� )
No CIU 22 7 63 
 123 130000

With CIU 1 9 61 
 54 122646

Theresultsshown in Table1 demonstratethattheVLIW
processorimplementationwith CIU has a higher perfor-
manceanda smallercodesizeandcell area.Themainrea-
sonfor a smallercodesizeandareaof the processorwith
a CIU is that the functionalunitsarelesscomplex because
they needto executefewer differentoperationtypes. The
mainreasonfor theincreasein performanceis theelimina-
tion of branchinstructions.
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