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Abstract— The problem of peak power estimation in CMOS
circuits is essentialfor analyzing the reliability and performance
of circuits at extremeconditions. The dynamic power dissipated
is dir ectly proportional to the switching activity (number of
gate outputs that toggles (changes state)) in the circuit. The
Power Virus problem involves finding input vectors that cause
maximum dynamic power dissipation (maximum toggles) in
circuits. Techniques that use a gate-level representation of the
given circuit to generate a power virus are reported in the
literatur e. As the power virus problem is NP-complete the gate-
level techniques are less scalable with increasing design size
and produce less optimal vectors. In this paper, an approach
for power virus generation using behavioral models of digital
circuits is presented.The proposedtechnique converts the given
behavioral model automatically to an integer (word-level) con-
straint model and employsa integer constraint solver to generate
the required power virus vectors. Experimenting the proposed
technique on ISCAS’85 behavioral level benchmark circuits and
the standard DLX processormodelshow that the above technique
is fast and yields higher-quality results than the known gate-
level techniques. Inter estingly, the paper attempts to generate
an assembly program that cause the maximum dynamic power
dissipation on the given DLX processormodel. To the best of
our knowledge the proposedtechnique is the first reported that
considerspower virus generation using behavioral level models.

Keywords– Behavioral Models, Dynamic power dissipation,
Power virus, Integer Constraint Solvers, Hardware Description
Languages(HDL).
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I . INTRODUCTION

The high transistordensity, togetherwith the growing impor-
tanceof reliability asa designissue,hasmadeearlyestimation
of worst casepower dissipation(peak power estimation)in
the designcycle of logic circuits an importantproblem.The
peakpower consumptioncorrespondsto thehighestswitching
activity generatedin thecircuit underthetestduringoneclock
cycle. The dynamic power dissipated(

���
) in the combina-

tional portion of a sequentialcircuit canbe computedas [1]:��������	��
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"$#&%('*) �,+ %('*).- (1)

wherethe summationis performedover all gates
'
, and

#/%0'1)
is the numberof times gate

'
has switchedfrom 0 to 1 or

vice versa within a given clock cycle, + %0'1) is the output
capacitanceof gate

'
, 
 ��� is the supplyvoltageand � is the

frequency of operation.In this work we madethe assumption
that the output capacitancefor each gate is equal to the
numberof fanouts.Therefore,the total switching activity is
theparameterthatneedsto bemaximizedfor maximumpower
dissipation.Accurateestimationof maximumpowerconsump-
tion involves finding a pair of input vectors which when
appliedsuccessively, maximizethevalueof

���
asgivenby the

equation(1), amongall possibleinput vectorpairs.Thesetwo
vectors can be appliedoneafter anotherrepeatedlyto cause
the estimatedpower dissipationfor an indefinitetime. Given
that the circuit has 2 primary inputs, there are 354 possible
two input vectorsequencesto beconsideredfor an exhaustive
search.It is easyto seethatthepowervirusgenerationproblem
for sequentialcircuits reducesto solving multiple instancesof
the sameproblem on its underlying combinationalpart. Let687

denotethe stateof a sequentialcircuit
6

at the beginning
of the clock cycle 9 and : 7 denotethe primary inputs at the
clock cycle 9 . The power virus problemon

6
is to find a ; -

cycle sequence
% 6=<�> : <?>�6 � > : � > �@�@� > :@A >B6 ADC <

)
, suchthat,

6 ADC <� 6=<
, and at every cycle the input : 7 is calculatedso as to

generatemaximumtoggleactivity in thecombinationalportion
of

6
. Two different power estimationmetricsare definedin

thecontext of sequentialcircuits,namely, thepeaksingle-cycle
powerandthepeaksustainablepower[2]. Theformerdenotes
the maximum power dissipatedduring any one cycle of the; cycleswhile the latter denotesthe averagepower measured
acrossthe ; cycles.The valuesof :DE andhence

6 <
, is got by

warmingup the circuit asdiscussedin [3].

I I . PREVIOUS WORK

This sectionpresentsthe previous work reportedin the liter-
aturefor the power virus generationandconstraintmodeling
basedtestgeneration.The sectionproceedsfurther to present
the salientcontributionsof this paper.

A. Power Virus Generation for Gate level representations

Several approacheshave beenproposedto estimatethe max-
imum power consumptionfor CMOS circuits in [2]–[10].
In [4] Devadas et al. reduce the problem to a weighted
max-satisfiabilityproblem on a set of multi-output Boolean

functions obtained from the circuit logic description.This
approachtook time exponentiallyproportionalto the number
of primary inputs (PIs) and henceapplicableonly to small
circuits. Kriplani et al. [6] have presenteda pattern inde-
pendentalgorithm to find an upper boundon the maximum
instantaneouscurrentthroughthepowersupplylinesof CMOS
circuits.Thetechniquepresentedin [5] takestime exponential
with respectto the numberof levels in the circuit andhence
is not scalablefor circuits which are sufficiently deep.An
estimationof averageswitchingin combinationalcircuit using
symbolicsimulationis discussedin [8]. Themethodproposed
in [9] propagatessignaluncertaintywaveformsthroughoutthe
circuit to obtaina looseupperboundon the maximumpower.
n upperboundon thenumberof simultaneousswitchinggates
using partitioning techniquesis presentedin [11]. On the
sequentialend, several techniquesare proposedin [2], [3].
Of these,the genetic algorithm presentedin [2], addresses
both single-cycle power and sustainablepower metrics.Four
different heuristics are presentedin [2] and it assumesa
variable-delay model.

B. Constraint ModelingbasedTestGeneration

Constraintpropagationtechniquesacrossdifferentdomains,
that is, (both arithmetic and boolean domains) have been
explored to generatefunctional tests and high level ATPG
vectors on HDL descriptions [12] [13] [14]. The ideas
discussedin [15]–[18] useconstraintsolversto generatetests
for functionalverificationof higher-level architecturalfeatures.

C. CONTRIBUTION OF THIS PAPER

This paper proposesa methodologyfor power virus gener-
ation using a behavioral descriptionof a circuit. Hardware
Description Languages(HDL) like Verilog enablesone to
develop suchbehavioral models[19]. The salientfeaturesof
the proposedtechniqueareoutlinedbelow:

1) Theinput to theproposedtechniqueis a behavioral level
HDL model: The behavioral circuit modelsarelesserin
sizeanddealwith word-level variableswhencompared
with thecorrespondinggatelevel circuit modelsthatdeal
with bit-level variables.This word-level representation
in-turn exploits the word-level parallelismthat exist in
modern processorsto speed-upthe computationsin-
volvedin thegenerationof thepower-virus.Thisenables
a larger exploration of the searchspacewithin a given
time, when comparedto the gate-level techniques.In
addition,theword-levelvariablesgrow lessdramatically
than the bit-level variableswith increasingdesignfunc-
tionality. This accountsfor the betterscalability of the
proposedtechniquewith increasingdesignsizethanthe
gate-level techniques.

2) Automaticgeneration of the constraint model from the
behavioral model: Automatic extraction of constraints
from a behavioral or RTL descriptionis a challenging
problem[20]. The proposedmethodologyconverts the
given behavioral descriptioninto an F ��G graphbased
representation[21] and further converts the sameinto



a set of integer constraints.The constraintsare solved
using an integer solver to generatethe requiredpower
virus vectors.All the above stepsare fully automated.

3) Correlation to Gate level representation: As the pro-
posedtechniqueconsidersonly behavioral level models,
it doesnot capturethegatelevel implementationdetails.
In other words, the variablesof the behavioral model
doescorrespondto wiresin thegatelevel representation,
but not all wires in the gate level representationare
variablesin thebehavioral model.For example,anadder
is representedby the+ sign in thebehavioral model.Its
actualimplementationat thegatelevel (say, carry-ripple
or carry look-aheadcircuit) is not taken into account
by the proposedtechnique.The power virus computed
by the proposedtechniqueshall maximize the toggles
on the inputs and outputsof the adder. The interesting
questionis thatwill this maximizethenumberof toggles
in theunderlyinggatelevel representationtoo, asthis is
the requiredreal estimateof the power. The answerto
theabove questionis predominantlypositive.This paper
discussesthebasicintuition behindthis positive answer.
This is further supportedby experimentalvalidation.

4) Handling sequentialdesignswith dynamic unrolling:
The behavior of a sequentialcircuit

6
over ; time

framescanbe modeledasa combinationalcircuit using
the conventionaltime frameexpansionapproach,which
unrolls thecombinationalpartof

6
, ; times[22]. Given

themaximumnumberof time frames( G F!H IKJ 6 ) for
which themodelcanbeunrolled,theproposedtechnique
dynamically unrolls for ; time frames, for different
valuesof ; , �ML ; L G FKH IKJ 6 , to find an optimal
solution.

To the best of our knowledge the proposedtechnique is
the first reportedthat considerspower virus generationusing
behavioral level models.

I I I . CONSTRAINT GENERATION

Theproposedmethodologymaybedivided into the following
threephases,namely,

1) Generationof the F ��G graphfrom the input behavioral
model;

2) Generationof constraintsfrom the F ��G graph repre-
sentation;and,

3) Solving the constraintsusinga constraintsolver.
The following subsectionsexplain the first two phasesin
detail.

A. F ��G graph generation

The synthesizablepart of the verilog codethat describesthe
behavior of a circuit has threemajor structures,namely, the
Always block, the Assign (continuous) state-
ments and the Module instantiations [19]. Hence,
theacronym F ��G . The F ��G Graphessentiallyhas 3 entities,
namely, Module, Component, Signal and ADD Node.
Every module definition in the verilog code maps on to a
Module entity of the F ��G graph.Every always, assignand

moduleinstantiationstatementsin the verilog codemapon to
a Component entity of the F ��G graph.

TheModule entity containsthe variousfieldsnecessaryto
encapsulatea moduledefinitionin verilog.They includeName
of the module, an array of all the Components (always,
assignandmoduleinstantiationstatements)insidethemodule,
an array of all the Signals (all reg and wire verilog
variablesincluding theinput andoutput variables)inside
amodule,anarraystoringall theindicesof entriesin theabove
Signal arraycorrespondingto theinput to themodule,and
anarraystoringall theindicesof entriesin theaboveSignal
arraycorrespondingto the output to the module.

TheComponent entity containsthevariousfieldsrequired
to encapsulatethe three types of structures,namely, a mod-
ule instantiation,an assignstatementand an always block.
Two additionalComponent types,namely, the feedback
component and the stem component are defined to
handle the loops and stemsrespectively inside the design.
The stemsare signals that drive multiple components.The
various fields inside a Component are name and type
of the Component,pointer to the Parent Module of the
Component(the verilog moduleinsidewhich the Component
is defined),fan-ins (input signalsto thecomponent),fan-
outs (output signalsof the component),and the ADDNode
correspondingto the Component.The ADDNode captures
the functionality of the Component and is definedonly for
the Components that correspondsto an always block or
an assign statement.The ADD Framework is an internal
representationof theHDL Descriptionandhasbeenshown to
be completeand efficient. More detailson ADD is available
in [23]–[26].

B. Constraints Generation

Thissectiondealswith differentverilogconstructs,their corre-
spondingF ��G representationsandtheir equivalentconstraint
models.This in turn, shall explain the automaticgeneration
of the model constraints from the given behavioral verilog
model. The standardILOG [27] constraintsolver was used
for experimentation.Hence,a ILOG-type syntax is usedto
illustrate the examplemodelconstraintsin this paper.

1) Thereg and wire variables: Two typesof variables
are commonlyusedin verilog models,namely, the reg and
wire variables[19]. Thesevariablescan either be bits or
integers(bit-vectors). The integerdomaindealsmorewith bit-
vectors ratherthan individual bits. This in turn, increasesthe
modelingcomplexity.

Any bit-vector of size 2 in the input behavioral model is
mappedon to aSignal entity in the F ��G graphwith N�9.O5P �2 . This is treatedasan integervariable( :5QSR?:T28U 
WV5X in ILOG)
whosevalue rangesfrom Y to

� 4[Z � . The bit variablesare
also treatedasbit-vectors of size 2 � � .

The reg andwire variablesin a verilog expressionmap
on to one of the two types of nodeson the F ��G graph,
namely, the read nodesand the write nodes. As the names
suggest,the variableson the right handside (left handside)
of a verilog expressionmap on to read (write) nodes.The



readand write nodesin the F � G graphhave two attributes
attached\ to it, namely, the X?V 2 ' P and the 9]2_^`P�a . The need
for theseattributesarisesfrom the fact that a vector can be
referredin the following threeways in a verilog code.b Bit Select: For example, 9 X*c dfe , that selectsthe third bit of

the bit-vector 9 X . The respective nodein the F ��G graph
has9]2_^`P�a � d and X�V 2 ' P � c Z �hg Z � e . Since,theinteger
solver do not directly deal with bits, the corresponding
ILOG representationof 9 X*c dfe is�fikj % :5QSR?lm9]n % 9 X > �fi ) Z �!j :`Q�R?lm9]n % 9 X > �fo )p) ,
where,IloDiv standsfor integer division in ILOG.b Part select: For example, 9 X*c ��qrg1� d?e , that selectsthe four
bits starting from the bit � d thru ��q of the bit-vector9 X . The respective node in F ��G graph has X?V 2 ' P �
c ��qsgh� dfe and 9]2_^5P�a � Z � . The correspondingILOG
representationis� < i j :`Q�R?lM9tn % 9 X > � < i ) Z � <vu j :5QSR?lm9]n % 9 X > � <vu )b The entire vector: For example 9 X . The respective node
in F ��G graph has 9]2_^5P�a � Z � and X?V 2 ' P � c Z �wgZ � e . The ILOG representationmodelsthe variable 9 X as
a normal integer ( :`Q�R?:528U 
hV`X ).

Thevariablesdefinedinsideamodule G carrydifferentvalues
for different instantiationsof G . To encapsulatethis, every
variable in G is declaredas an array of size equal to the
numberof instantiationsof G . For example,given that the
variable 9 X is definedin G and that G is instantiatedtwice,
say, instantiationY andinstantiation� , 9 X*c Y e ( 9 X*c � e ) denotesthe
value of 9 X in instantiation Y ( � ). On similar lines, the third
bit of 9 X in instantiationY is modeledas�fixj % :5QSR?lm9]n % 9 X*c Y e > �Ti ) Z �!j :5QSR?lm9]n % 9 X*c Y e > �fo )v) .
The part selectof 9 X comprisingof the four bits (bits � d to��q ) in instantiation � is modeledas� < ixj :`Q�R?lm9]n % 9 X*c � e > � < i ) Z � <vu j :`Q�R?lm9]n % 9 X*c � e > � <vu )

2) Modeling sequentialcircuits: Every sequentialcircuit
can be representedby the conventionalHuffman model [22].
The combinationaland the sequentialparts are clearly dis-
tinguishedin this representation.To model the circuit in the
integer domainthe following two basicprinciplesareused:b Each sequentialelement is a variable in the integer

domain;and,b Eachcombinationalelementproducesa constrainton its
inputsandoutputsin the integer domain.

The behavior of a sequentialcircuit
6

over ; time framescan
be modeledasa combinationalcircuit using the conventional
time frame expansionapproach,which unrolls the combina-
tional part of

6
, ; times[22]. The above mentionedapproach

for modelingin the integer domainis illustratedby using an
example of a counter. The following verilog code modelsa
counter

reg [4:0] counter;

always @(posedge Clk)

1

 opcode2

clk
 opcode opcode

Fig. 1. Always statementwith clk

counter = counter + 1;

Without lossof generality, let therebeonly oneinstantiationof
the modulecontainingthe above verilog code.Therefore,the
variableshall be denotedby y�R�z{28U�P X*c Y e in the correspondingF ��G graph. To unroll a circuit over time frames,another
dimension is added to the variables to representthe time
frame. Thus, the variable y�R�z{28U�P X*c Y e.c |Te , denotesthe variabley�R�z}28U�P X in the | ��~ time-frame.The combinationalpart of the
HuffmanModel is theonethatsetsconstraintson thevariabley�R�z}28U�P X�c�e�c�e acrosstime-frames.The verilog code and the
underlying F ��G graphimply the following constraint:

y�R�z}28U�P X*c Y e]c |Te �h� y�R�z}28U�P X*c Y e]c | Z � e�� �
Thus, the clock in verilog is realizedas a time frame in the
correspondingconstraintmodel.

3) AssignStatement:Given that a circuit is unrolled forG F!H I�J 6 time frames,theassignstatementin verilog leads
to constraintson thevariablefor all time frames.For example,
the assignstatement

V N�N@9 ' 2�N�z}� � 9]2*�{z{U � � 9]2*�{z{U �
inside the ; ��~ instantiationof a module G shall lead to the
following setof constraints.

for(tf = 0; tf< MAX_TFS;tf++)
{ % N�z{� c ; e]c U �{e �h� 9]2*�{z{U � c ; e.c U �{e*� 9]2*��z}U � c ; e]c U �{e ) ;
}

Theotheroperatorsthat includebitwise, comparison,concate-
nation etc. supportedby verilog canbe modeledsimilarly.

4) AlwaysStatement:The constraintmodel for an always
construct in verilog dependson the event in its sensitivity
list. The event can be either clocked or non-clocked and is
representedby an event node in the correspondingF ��G
graph.The following codeis a clocked alwaysstructure:

V Q�� V`� N�� % �}RfN�P�^ ' P�y�QS; )R��{y@R?^5P �,� � R��{y�R?^`P`�
The F ��G graph for the above caseis shown in figure 1.
The model constraintfor the above F ��G graph for the ; ��~
instantiationof the moduleto which it belongsto will be:% R��{R?y�^`P � c ; e]c U �r� � e �h� R��}R?y�^5P c ; e.c U �{e )
The following codeis a non-clocked alwaysstructure.



 alu_in1

 npc2

1 sel_alu_in1

==

!

 a

Fig. 2. Always statementwithout clk

V Q(� V`� Nr� % N�P�Q V Q(z 9]2 � R X 2*�{y � R XrV )9 � % N�P�Q V Q�z 9]2 � �h� � )V Q�z 9]2 � � � 2*�{y � �P�QtN�PV Q(z 9]2 � � � V �
The F ��G graph for the above caseis shown in figure 2.
The model constraintfor the above F ��G graph for the ; ��~
instantiationof the moduleto which it belongsto will be:% V Q�z 9]2 � c ; e.c U �{e �h� % N�P�Q V Q(z 9]2 � c ; e.c U �{e �h� � ) j 2*�}y � c ; e.c U �{e� % N�P�Q V Q�z 9]2 � c ; e.c U �{e �h� Y ) j V�c ; e]c U �{e )

5) ModuleInstantiation: The moduleinstantiationsleadto
generationof interfaceconstraints that establisha connection
betweenthe input-outputvariablesof the instantiatingmodule
andtheinstantiatedmodule.For example,considerthemodule
instantiationin Verilog.

module alu(out,in1, in2)

Let the following be its ; ��~ instantiation.

alu myalu (o1,i1, i2)

The following are the interfaceconstraintsassumingthat the
circuit is unrolledfor G FKH IKJ 6 time frames.Note that the
following ensuresthe connectivity of the variablesin every
time frame.

for(j = 0; j< MAX_TFS;j++)
{

( V Q�z R�z}U c ; e.c |fe �h� � ��V Q�z R � c ; e.c |Te );
( V Q�z 9]2 � c ; e.c |Te �h� � �*V Q(z 9 � c ; e.c |Te );
( V Q�z 9]2 � c ; e.c |Te �h� � �*V Q(z 9 � c ; e.c |Te );

}

6) Power Virus Constraints: As mentioned earlier, the
power dissipatedis directly proportional to the number of
toggles.It is straightforward to seethat every variablein the
verilog model correspondsto a signal in the correspondingF ��G graph.Every signalin the F ��G graphcorrespondsto a
inputor outputsignalin theunderlyinggatelevel netlist.These
signalsalsoget modeledasvariablesin the constraintmodel.
Given this, it is easyto infer that by toggling the variablesin
theconstraintmodelbetweensuccessivetime-framesshalllead
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to togglinggateoutputsin theunderlyinggatelevel netlist.For
every variable 
 in all its ; instantiationsin the constraint
model, the following constraintsareadded.

for(j = 0; j< MAX_TFS-1;j++)
{

( 
Mc ; e.c |�� � e �h� 2_R�U % 
Mc ; e]c |Te ) );
}

Thenot operatorstandsfor the standardnegationin case

is a bit andfor thebitwisenegationif 
 is a word (bit-vector).

IV. EXPERIMENTAL RESULTS

The constraintsgeneratedasdescribedin the previoussection
is input to a constraintsolver that automaticallygeneratesthe
requiredvectors.In this sectionwe shalldescribedetailsof the
experimentsconductedfor the ISCAS combinationalcircuits
and the ��q -bit 5-stagepipelinedDLX processor.

A. Correlation betweenBehavioral and Gate level represen-
tations

As mentionedearlier, the proposedapproachmaximizesthe
number of toggles on the inputs and outputs of the dif-
ferent behavioral level F ��G structuresand does not take
into accountthe gate level representationof the same.The
ultimate objective is to generatemaximum toggles on the
underlying gate level netlist. The graph shown in figure 3
plots for different behavioral level constructs,that includes,
an � -bit adder, an � -to- � multiplexer and a 3 -bit multiplier,
the numberof togglesin the input andoutputsignalsagainst
the total numberof toggles in the correspondinggate level
implementation.A similar trend is seenfor mostof the otherF ��G constructs.The Magma Blast Fusion tool using the
TSMC0.13micronstandardcell library wasusedto synthesize
the behavioral representationsto the correspondinggatelevel
netlists.The graphshows an increasein the total numberof
togglesin the circuit with increasein the numberof toggles
in the correspondinginputs and outputs.This suggeststhat
maximizing the toggleson the inputs and outputsfor these
structuresshall in turn maximizethe toggle in the underlying
gatelevel netlist.Experimentalresultsshown in thesubsequent
sectionsfurther strengthensour claim.



B. Power virus for combinationalCircuits

As mentionedearlierthe power virus generationfor combina-
tional circuitsinvolvesgeneratingapair of inputvectorswhich
whenappliedsuccessively shall causethe maximumtogglein
the circuit. Given a 2 -input circuit the numberof suchpairs
shall be � % 3`4 ) resulting in a huge searchspace.Even for
moderatelylarge circuits the above problembecomesdifficult
to solve. A simplerversionof the above is as follows: Given
the first of the two input vectors,generatethe other vector
such that successive applicationof both producesmaximum
toggle in the circuit. This reducesthe searchspaceto � % � 4 ) .
The proposedapproachfollows the simplified version.

For generatingthe power virus the constraintmodelof the
combinationalcircuit is unrolledfor two time frames.Thecon-
straint variablescorrespondingto the input of the behavioral
model in the first time frameare initialized with the valueof
therandomvector. Solutionto theabove constraintmodelthat
includesthe power constraintsyields the secondvector that
maximizesthe toggle.TableI presentsthe resultsobtainedby
applying the above techniquefor the ISCAS’85 [28] (ISCAS
High-Level Models)behavioral circuits.

Circuit No. of Toggles No. of No. of No. of
at behavioral Togglesat wires at Toggles

level gatelevel gatelevel (Random)
74181 103 123 201 77
74182 20 25 70 17
74283 33 51 104 33

TABLE I

COMPARISON OF BEHAVIORAL TOGGLES WITH RANDOM GATE LEVEL

TOGGLES

From table I it is seenthat the numberof togglesgenerated
at the gatelevel netlist by applying the vectorsoutputby our
method(column 3) is much betterthanwhat is generatedby
applyingrandompairs (column5) of vectors.In addition,the
total toggle count is closer to the number of wires (upper
boundon numberof possibletoggles)in the circuit (column
4). Column

�
gives the numberof togglesgeneratedby the

behavioral level representationsof the correspondingcircuits.

C. Power virus for the DLX processor

The DLX processoris a pipelined sequentialcircuit. Two
typesof experimentswerecarriedout on the model.The first
experimentwas to generateinstructionsthat will maximize
the toggle when input to the processorgiven its initial state6

. This enablesautomaticgenerationof assemblyinstruction
sequencesfrom any giveninitial state

6
thatcanmaximizethe

togglecountandhencecausepeaksingle-cyclepoweracross
different cycles.For experimentalpurposethis initial state

6
wasarrivedby applyingasequenceof randominstructions.Ta-
ble II presentsthepercentageimprovementin togglecountgot
by applicationof the instructionsgeneratedby the proposed
techniquein contrast to application of randomly generated
instructionsequencesof different lengths.It alsopresentsthe
time andmemoryrequirements.

Length % improvement Memory Time
of the in toggles requirement requirement

Sequence over random (Our method) (Our method)
2 247.89 21 MB 1.2 sec
3 197.51 34 MB 2.1 sec
4 200.35 46 MB 0.9 sec

TABLE II

GENERATING INSTRUCTION SEQUENCES OF SPECIFIED LENGTH

A sequenceof length 3 automaticallyoutput by the method
assumingan initial state

6
is as follows:

NOP
ADD R1, R0 R2
ADD R1, R0 R2
ADD R1, R16, R13

The above was generatedby unrolling the circuit for four
time frames.An interestingpoint that is revealedduring the
experimentationis that an introduction of a NOP between
two non-NOP instructions causeslarge number of toggles
in the system.This is somethingwhich may be taken note
by the compiler developerswho tend to generateNOPs in
executablecode for various reasons,that include data and
control hazardmanagementin modernsuperscalarandVLIW
basedarchitectures.The results in table II indicate that our
proposedapproachis muchbetterthanthe randomone.Note
that the memory requirementlinearly scaleswith the length
of sequence.

The secondexperiment is to find a loop of instructions
which when appliedcontinuouslyshouldmaximizethe peak
sustainedpower. As in the first experimentthe processoris
driven to an initial state

6
by applying a randomsequence

of instructions.From this state
6

, a loop of instructionswere
generatedthat achieves the objective mentionedabove. This
needssome additional constraintsfor the following reason.
To ensure same sustainedpower dissipation during every
execution of the loop with say, ; instructions, the system
should be in the samestateat the start of every loop. This
impliesthatfor every variablen , n c 9 e.c Y e � n c 9 e.c ; e . This ensures
that at the endof each ; cycle the systemwill be in the same
state.Table III presentsthe resultsof this experiment.

Length Normalized Length Normalized
of the per cycle toggle of the per cycle toggle
Loop count Loop count

5 50 9 55
6 70 10 49
7 67 11 46
8 62

TABLE III

LOOP GENERATION FOR MAXIMIZING TOGGLES

From tableIII it is seenthat the per cycle toggle count is the
maximumfor loopsof length q anddecreaseswith subsequent
increaseof the loop length.The reasonfor the samemay be



that theDLX hasa five stagepipeline.Thefollowing is a code
of length q outputby our methodthatgeneratesthemaximum
per cycle toggle.

NOP
ADD R1, R0, R2
ADD R1, R0, R2
LD R1, [R2]
NOP
NOP

Several interestingpointsareexhibitedby theabovesequence.
The first oneis that theNOPs arepredominant.The secondis
that even thoughthe value of register � � is changedby theFKlMl instructions,the LD (LOAD) instructioninitializes the
register � � back with a value stored in a memory location
whose addressand content does not changeacrossloops.
Giventhat theabove instructionsweregeneratedassumingthe
initial stateof theprocessorto be

6
, thestateof theprocessor

at the end of every execution of the above six instructions
shouldalsobeequalto

6
. Thisalsoexplainswhy ST (STORE)

instructionsthat write into datamemoryarenot generated,as
they changethe stateof the processor.

V. CONCLUSION AND FUTURE WORK

This paper presenteda techniquethat used behavioral de-
scriptions to generatepower virus test vectors.To the best
of our knowledge, this is the first techniquereported for
the behavioral level power virus generation.Experimenting
the proposedtechniqueon ISCAS’85 behavioral benchmark
circuits and the ��q -bit DLX processoryielded encouraging
results. Interestingly, the paper addressedthe problem of
generating an assemblyprogram that cause the maximum
dynamicpowerdissipationonthegivenDLX processormodel.
The techniqueassumedzero delay model. Futurework shall
involve modifying the techniqueto accountfor unit-delayand
variable-delaymodels.
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