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ABSTRACT

This paperpresentsa novel power profile manipulation
techniquaevhichreduceghetestingtime of therecentlypro-
posedpower constrainedest schedulingalgorithms. The
power profile manipulationtechniqueconsistof reordering
androtatingtestsequenceandanew power approximation
model. It is shovn whenthe proposedoower profile ma-
nipulationis integratedin power consciougestscheduling,
savzingsupto 25%in testingtime areachievedusingbench-
markcircuits synthesizedn AMS 0.35:m technology

1. INTRODUCTION

Pawver dissipationduring testing causedby high switch-
ing actwity in complementarymetal-oxidesemiconductor
(CMOS) technologyis an emeging problemdue to reli-
ability and manufcturingyield loss [3-5,7-10]. It was
reportedin [10] that thereis significantly higher switch-
ing actiity duringtestingthanduring functionaloperation
andhencehigherpower dissipation.This candecreaseir-
cuit reliability due excessie temperatureand currentden-
sity which cannotbe toleratedby circuits designedor low
power. Further high switchingactiity duringtestingleads
to manufcturingyield losswhich canbe explainedasfol-
lows. High switching activity during testing causeshigh
rate of currentflowing in power and groundlines leading
to excessve power andgroundnoise. This noisecanerro-
neouslychangehelogic stateof circuit linescausingsome
gooddiesto fail thetest[9]. Besidegpowerdissipationan-
otherimportanttestparametewhich needgo bereduceds
testingtime. Therefore,in orderto minimize testingtime
undera given power constrainttestschedulingalgorithms
werereportedrecentlyin [3,7,8]. A commonfeatureof the
previous approachess the global peakpower approxima-
tion modelusedin guidingthetestschedulingprocessThis
is apessimisti@assumptiomwhichleadsto reducedestcon-
curreny andhencehigh testingtime, dueto theerrorin the
power approximatiormodel.

The aim of this paperis to introducea novel power pro-
file manipulatiortechniquavhichwhenintegratedin power
constrainedestschedulingeducegestingtime.

2. MOTIVATION FOR THE NOVEL POWER
PROFILE MANIPULATION TECHNIQUE

Pawer constrainedestscheduling(PCTS)algorithmsaim
to achieve maximumtest concurreng in orderto reduce
the total testing time, without exceedingthe power con-
straintgiven by the maximumpower ratingsof the device.
Hence,eachembeddedlock (EB) consideredduring the
test schedulingprocesshasto be characterizedrom the
power dissipationpoint of view.

In orderto avoid anincreasedomputationatompleity,
previous PCTSapproache§3, 7, 8] approximatethe power
dissipationby the maximumvalue of instantaneoupower
dissipationover the entire test. This is achieved by flat-
tening the power profiles (PP) of the EBs to their global
peak value. Therefore,traditional power approximation
modelbasedon maximuminstantaneoupower is referred
to as global peak power approximationmodel (GP-RAM)
in this paper Despiteits low accurag the GP-FAM guar
anteeghat the power dissipationof the EBs is not under
estimatedfor arny time instanceduring the testscheduling
algorithm. From the power approximationmodel point of
the view, power definition may be classifiedin the follow-
ing two componentsreal power causedy thevariationin
theinstantaneousurrentandfal se power introducedby the
error of the approximatiormodel. Sincethe power defini-
tion of the EBs determineghe maximumtestconcurreny,
in order to minimize testingtime underthe given power
constraintboth real power andfalse power needto be re-
ducedwhenemploying a power approximatiormodeldur-
ing test scheduling. For an initially uncorrelatedest se-
quenceshowvn in Figure 1(a) the GP-FAM offers a good
trade-of betweenaccurag and compleity. However, for
regular profiles obtainedthrough power profile manipula-
tion techniquedescribedaterin Section3 andillustratedin
Figurel(b)theapproximatiorerrorintroducedoy GP-FAM
is not justified. This motivatesthe needfor novel power
profile manipulationtechniquesisingmoreaccuratgower
approximatiormodelsthatwill lowerthetestingtime under
thegivenpower constraint.
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Figurel: Power profiles(PP)for benchmarlcircuit c432

3. PROPOSED POWER PROFILE MANIPULATION
TECHNIQUE

Thenovel power profile manipulatiortechniqueconsistsof
reorderingandrotatingtestsequenceanda new power ap-
proximationmodel. Thereorderedestsequencgenerated
usingthealgorithmsummarizedn Section3.1is combined
with testsequenceotation presentedn Section3.2. The
new power approximationmodel basedon two local peak
valuesfor power dissipationis introducedn Section3.3.

3.1. Test sequencereordering

The proposedtest sequenceaeorderingalgorithm aims to
generateegular power profilesfor which accuratedescrip-
tions of power dissipationcanbe providedusinglow com-
plexity power approximationmodels. In additionto min-
imizing real power, testsequenceeorderingalso provides
a suitablepower profile for the new power approximation
modelthatwill reducefalsepowerintroducedn Section2.

The algorithm takes as input the transitiongraph (TG)
[4], wherea nodeis associatedo a vectorin the testse-
quenceand an edgeis labeledwith the power dissipated
during transitionbetweenthe vectorscorrespondingo the
terminalnodes.A Hamiltonianpathin TG is identifiedtry-
ing to placethe low weight edgesat the beginning part of
the pathandleaving the high weightededgesfor the end-
ing partof the path. The power dissipationis computedby
summingthe productsbetweerthe transitioncountandthe
averagepower dissipationper transitionof the library cell
[1] associatewvith every nodein thenetlist. Figurel showvs
the PPsfor the c432circuit from ISCAS85benchmarlkset
[2]. It canbeclearlyseernthatwhenusingthe proposedest
sequenceeorderingalgorithm(Figure1(b)) aregularPPis
obtainedhaving a low actvity part at the beginninganda
high activity partattheend. This regular PPis usedby the
new power approximatiormodelintroducedn Section3.3.

3.2. Test sequencerotation

Having obtaineda reorderedtest sequencenow test se-
gquencerotationis presented Rotatingthe testsequencés
animportantfeaturewhich will be exploited by Algorithm
2 to avoid overlappingof the high actiity partsof PPsof
differentteststhatarerun concurrentlyin the sametestses-
sion. In orderto facilitate testsequenceotation, a cyclic
PPis obtainedby addingthefirst vectorV, of the ordered
sequencafterthelastoneVy_ 1, whereN is the number
of testvectors.The cyclic orderedsequencén conjunction
with the new power approximationmodel is usedby the
PCTSalgorithmfrom Section4.

3.3. New power approximation model

The aim of the proposedbower approximationrmodelis to
exploit the featuresof PP correspondingo the reordered
testsequencshovnin 1(b). Thisis achievedby identifying
the low activity part at the beginning and the high activ-
ity partat the end of the PP and approximatingeachpart
with their local peakvalue for power dissipation. Thus,
the power dissipationof EBs can be modeledusing a 4-
tuple (Pyo,L10,Pri,L1i) containingtwo local peak values
for power dissipationof the two partsof the power pro-
file (P;,,Py;) andthelengthfor eachof the parts(L;,,Lp;)-
This new power approximatiormodelis referredto astwo
local peakpower approximationmodel (2LP-FAM) andit
is shawvn in Figure 1(b). The 4-tuple descriptionis de-
terminedsuchthat the false power is reduced,and this is
achiezedby minimizing Py, L;,+Py;L ;. For examplein the
caseof power profile shavn in Figure1(b) P,,~4mW and
P;~8mW, andthelengthsarel ;,=44andL ;;=8. It should
be notedthat L;,>Ly; which is exploited when building
power compatiblelists during PCTSwithout considerable
impactin computationatime.



4. POWER CONSTRAINED TEST SCHEDULING
USING POWER PROFILE MANIPULATION

The previous sectionhasshavn how the power profile is
manipulatedusing test sequenceaeorderingand rotation
which facilitatesthe useof the power approximationrmod-
els 2LP-FAM. The aim of this sectionis to shov how
the proposedpower manipulationtechniqueis efficiently
integratedinto recently proposedPCTS algorithms. The
non-partitioningtestschedulingalgorithmfor unequaltest
lengthsproposedn [3] is extendedfor usein conjunction
with the proposedhower profile manipulationtechniqueln
the following, the integrationthe recentlyproposedPCTS
algorithmsareemphasized.

Algorithm 1 PCTSUsingthe ProposedPawer Profile Manipulation

Input: testcompatibility graph(TCG)and setof testsfor the EBs along
with their TGs
Output: power constrainedestscheduleandthe setof reorderedestse-
quences
1. for each testdo
reordertestsequencéSection3.1);
computethe4-tuple (Pyo,L10,Pri,L1i) (Section3.3);
endfor;
2. computeall cliqguesof the TCG;
3. for each cliqueC; in TCG do
computethe maximumpower compatiblélists (PCL) of C; ;
usingAlgorithm 2;
endfor;
4 for each PCL do generatall derved PCLs(DPCL); endfor;
5. generateestscheduléy determininghe minimumcostweightedcover
for the DPCL set.

During Step1 of the Algorithm 1 the testsequencesf
EBsarereorderedasdescribedn Section3.1. Furtherthe
reorderedestsequencearemadecyclic accordingto Sec-
tion 3.2, andthe 4-tuple descriptiongSection3.3) arede-
rivedfrom theresultingcyclic PPs.Step2 computesall the
cliguesin the TCG andStep3 generateshe power compat-
ible lists (PCL) usingAlgorithm 2 summarizedasfollows.
Algorithm 2 checksthe following for every subsetof each
testcompatibleclique: a)if it complieswith the power con-
straint;andb) if the subsets a maximal,i.e. no othertest
with lower lengththanthe longesttestin the subsetcanbe
addedo the subsetvithout exceedinghe power constraint.
Having obtainedthe PCLsusingAlgorithm 2, Steps4 and
5 of Algorithm 1 generateall the derived PCLsand a test
schedulaespectiely.

Theexampleshown in Figure2 illustrateshow the cyclic
featureof the PP is exploited during the building of the
PCLs. First test T1 (Figure 2(b)) is addedto the empty
testsession. The value of the variable Offset from Algo-
rithm 2 whichis initially setto 0, is increasedy L; of test
T1, thatin this particularcaseis 4. Next, testT2 (Figure
2(a)) is rotatedleft by Offset vectorsobtainingthe power
profile showvn in Figure 2(c). Finally, Figure 2(d) shavs
the resultingpower profile of the testsessioncomposedf

Algorithm 2 Paver CompatibleLists

Input: atestcompatibleclique C andthe power constraintPeoy st
Output: thepower compatibldists W
1. W=¢;
2. for each subsetS; of testsfrom C do
createPCL; by arrangingestsin S; in thedescendingrderof their
length; Offset=0;Sessions,
for each testT; in PCL; do
if L, >Offsetthen rotateleft T; by Offsetvectors;
else 6ffset=0;endif;
Sessi0n=Sessic@ T;, Offset=Ofset+Ly,;;
endfor;
computemaximumpower dissipationP,, ., for Session;
if PmazSPconstr then
MaximalSet=TRJE;
for each T; not in PCL; with length< longestiengthin PCL; do
if Lio; >Offsetthen rotateleft T; by Offsetvectors; endif;
Session’=Sessiop) T;;
computemaximumpower dissipationP’ .z for Session’;
if P'rmaz <Pconstr then MaximalSet=RLSE; endif;
endfor;
if MaximalSet=TRIE then W=W [ JPCL;; endif;
endif;
endfor;
3. return W.

testsT1 andT2. It canbe concludedrom Figure2(d) that
the integration of the test sequenceotation (Section3.2)
in building PCLs (Algorithm 2) guaranteesncreasedest
concurreng underthe given power constraint,which will

lead to lower testingtime. This is achieved by avoiding
the overlappingof the high switchingactivity partsof the
testsequencethatbelongto the samePCL, which leadsto
greatemumberof testsequence® bememgedin eachPCL.

(a) TestT2 (b) TestT1
(c) TestT2 rotated (d) T1 androtatedT2

Figure2: Building power compatiblélists (PCLS)



5. EXPERIMENTAL RESULTS

To show theefficiency of theproposegower profile manip-
ulationtechnique experimentswere performedon a setof
hypotheticalsystemgyeneratedisingthe ISCAS85bench-
mark circuits [2] asEBs, andwith randomlygeneratede-
sourceallocationgraphg3]. Thedesignsveresynthesized
andtechnologymappednto AMS 0.35:m technology|1]
in orderto determingheaveragepowerdissipatiorpertran-
sition for eachnodein the netlist. The first columnof Ta-
ble 1 shows the numberof EBs which rangesfrom 6 to
24. The power constraint(PC) showvn in the secondcol-
umn rangesfrom 40mW to 85mW. The third and fourth
columnshawv thetestingtime in termsof clock cycleswhen
power constrainedest schedulingemploys the traditional
globalpeakpower approximatiormodel(GP-RAM [3]) and
the proposedpower profile manipulationtechniqueusing
the new power approximatiormodel (2LP-FAM from Sec-
tion 3.3). The testingtime for eachEB is computedus-
ing ATALANTA testtool [6]. Finally, the last column of
Table 1 shaws the sarzings when employing the proposed
power profile manipulationtechnique. It canbe seenthat
sasings in testingtime up to 25% are achieved, asin the
caseof 24 EBsandPCequalto 55mW Ononehandfor de-
signswith a smallnumberof EBs,improvementsn testing
time are achieved only for low PC values. This is dueto
thefactthatmaximumtestconcurreng is achievedbothby
the GP-FAM andthe proposedLP-FAM approachesOn
the otherhand,for designswith alarge numberof EBs,the
testingtime decrease$or both approacheasPC valuein-
creasesHowever, thepropose®LP-FAM approachs more
sensitve to smallchangesn the power constraintthanthe
GP-RAM approachwhichleadsto savzingsin testingtime as
shavn in thelastcolumnin Tablel.

6. CONCLUDING REMARKS

This paperintroduceda new power profile manipulation
techniquewhich canbe usedin conjunctionwith recently
proposedPCTSalgorithmsin orderto obtainlower testing
time undera given power constraint. This is achiezed by
reorderingandrotatingtestsequencekeadingto powerpro-
files usedby a moreaccurategower approximatiormodel.
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