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Abstract— Next generation deepsubmicron processordesignwill need
to take into consideration many performance limiting factors. Flip �ops
are inserted in order to prevent global wir e delay fr om becoming non-
linear, enabling deeper pipelines and higher clock fr equency. The move
to 3D ICs will also lik ely be used to further shorten wir elength. This
will causethermal issuesto becomea major bottleneck to performance
impr ovement. In this paper we propose a �oor planning algorithm
which takes into consideration both thermal issuesand pro�le weighted
wir elength using mathematical programming. Our pro�le-dri ven objec-
tive impr oves performance by 20% over wir elength-driven. While the
thermal-dri ven objective impr ovestemperature by 24% on averageover
the pro�le-dri ven case.

I . INTRODUCTION

In next generationdeepsubmicronprocessordesignit is likely that
repeaterswill be insertedfrequentlyon global wires to prevent wire
delayfrom becomingnon-linear[1]. Flip-�op insertionis a technique
usedto alleviate the impact of wire delay to achieve a target clock
frequency. A deeperpipelineenabledby �ip-�op insertionresultsin
a higher clock frequency and higher BIPS (billions of instructions
per second)[2]. Nevertheless,the improvement cannot always be
anticipated;especiallyfor designswith small featuresize; �ip-�op
insertion may causeIPC degradation from its increasedlatency.
Therefore,inserting�ip-�ops without a meticulousmeasuredoesnot
guaranteean overall performanceimprovement.

One technique that can alleviate IPC (Instructions per Cycle)
degradationresultingfrom wire delayis communicationaware�oor -
planning[3], [4], [5], [6]. Using�oorplannersthatconsidertheimpact
of wire delay by trying to move heavily communicatingmodules
closertogethercanshortenlatency on suchpathsandresult in better
performanceimprovement.Another techniqueis to move to three
dimensionalintegratedcircuits or 3D ICs. By moving to 3D ICs,
total wirelength can be reducedand clock speedcan be increased
as shown in [7]. One bottleneckto the adoptionof 3D ICs is heat
dissipation.The structureof 3D ICs inherentlyimplies that moving
heatfrom thecenterof thechip will bemoredif�cult. This canresult
in more complex cooling devices, circuit malfunctions,and shorter
circuit life time. WhendesigningICs with many layersof transistors
stackedtogetherthermalissuesbecomea largeconcern.In this paper,
we proposea �oorplanning algorithm that considersperformance,
area,andthermalissuesusinga mathmaticalprogrammingapproach
utilizing informationgatheredfrom cycle-accuratesimulation.

Some recent works on wire-delay issueson microarchitectural
design include [8], [5], [9], [2], [10], [11], [6]. Recentwork on
physical designfor microarchitectureinclude [12], [4], [3]. Recent
work on thermal-awarephysicaldesignalgorithmsinclude[13], [14],
[15], [16], [17], [18].

The structureof this paperis as follows: SectionII presentsthe
problem formulation. Section III details our 3D thermal analysis
technique.Section IV shows our infrastructurefor cycle-accurate

simulation.SectionV presentsour �oorplanning algorithm.Finally,
sectionVI showsourexperimentalresultsandweconcludein Section
VII.

I I . PROBLEM FORMULATION

A. DesignFlow

An overview of our pro�le-drivenmicroarchitectural�oorplanning
is shown in Figure 1. Our framework combinestechnologyscaling
parametersandthe executionpro�ling informationof applicationsto
guidethe�oorplanning stepof agivenmicroarchitecturedesign.First,
a machinedescriptionis provided as input to the microarchitecture
simulator, where pro�ling counterswere instrumentedfor book-
keeping module-to-modulecommunication.Then a cycle-accurate
simulationis performedusingSimplescalar[19] to collectandextract
the amountof interconnectiontraf�c betweenmodulesfor a given
benchmarkprogram.The microarchitecturesimulatorwasintegrated
with Wattch[20] to provide thepower numbersthatareusedto drive
the 3D-thermalanalyzer. For cache-like or buffer-like structures,the
area and module delay are estimatedusing an industry tool from
HP WesternResearchLabs called CACTI [21]. For scaling other
structuressuchas ALUs, we useGENESYS[22] developedat the
Georgia Instituteof Technology.

After the timing, area,and accessfrequency information of each
module is collected, we feed the module-level netlist, statistical
interconnectiontraf�c, and a target processorfrequency into our
thermal/pro�le-guided�oorplanner. The power consumptionof all
the functional units are fed to the 3D-thermalanalyzerto generate
the thermalpro�le. The 3D-�oorplanner takes in the netlist and the
temperatureinformation to generatea �oorplan that maximizesthe
performanceunder the thermaland frequency constraints.The new
�oorplan is fedbackto the3D-thermalanalyzer, alongwith thepower
numbersto generatea new thermalpro�le. With thesenew latency
values architectureperformancesimulation is performedto obtain
more realistic and accurateIPC and BIPS numbers.Few iterations
take place before an optimum �oorplan for the given constraintis
achieved.

B. ProblemFormulation

Given a setof microarchitecturalmodulesanda netlist that speci-
�es the connectivity amongthesemodules,our thermal-andpro�le-
driven microarchitectural�oorplanner tries to place each module
such that (i) there is no overlap among the modules,and (ii) a
user-speci�ed clock period constraintis satis�ed. Our objective is
to minimize the maximum temperatureamong all blocks and the
overall executiontime of a givenprocessor. Becauseclock frequency
is �x ed, IPC (InstructionsPer Cycle) is usedfor the performance
measurement.IPC representstheaveragenumberof instructionsthat
canbe issuedin oneclock cycle. In VLSI circuit designclock period
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Fig. 1. Overview of our thermal-aware3D microarchitectural̄oorplanning
framework.

is usedto evaluatethequalityof Logic SynthesisandPhysicalDesign
solutions. This is equivalent to the longest path delay. F (Clock
frequency), which denotesthe total numberof cycles per second,
is the reciprocalof clock period.Finally, B I PS = I PC � F where
F is in giga-hertz.In this paper, we maximize IPC under a clock
frequency constraintso that overall BIPS is maximized.

I I I . 3D THERMAL ANALYSIS

A. 3D Power Analysis

While collectingtheinterconnectiontraf�c betweenmodulespower
consuptionfor all the functional blocks was gatheredcumulatively
and storedfor every hundredthousandcycles. This traf�c activity
collectionandthedynamicpower consumptonis collectedonly once
during the whole experimentcycle. Thesepower numbersare fed
to the 3D-thermalanalyzerthat gives the thermalpro�le. The 3D-
�oorplanner gives a new �oorplan for the current thermal pro�le
andmodulenetlist basedon the constraints.The new �oorplan may
have a differentinterconnectlengthbetweenthemodules.Therefore,
interconnectpower is calculatedagain basedon the new lengthsand
addedto the dynamicpower consumptionthat wascollectedearlier.
Wattchcurrentlydoesnot modelglobal interconnectpower. Henceit
wasmodeledasa seperatemoduleandis addedto thedynamicpower
consumption.Here, it is safely assumedthat the dynamic power
consumptionstill remainsthesameevenwith different�oorplans, as
the activity factordoesnot changewith the positionof the modules.
The activity factor is dependenton the programbehavior ratherthan
the positionof the modules.

B. 3D ThermalAnalysis

For thermal analysiswe use a 3D resistor mesh [13], [23] as
shown in Figure 2. Our �oorplanning algorithm does not require
precisetemperaturevaluesto successfullyminimizechip temperature
pro�le. Therefore,we use a simpli�ed thermal model during the
�oorplanning processto speedup the thermalcalculation.Because
we call the thermal model many times during �oorplanning, this

Fig. 2. 3D grid of a chip for thermalmodeling

can dramaticallyimprove runtime.From this thermalmodel we get
temperaturenumbersthat are relatively accurate.This relativism is
all we needfor our optimization process.This model usesa non-
uniform 3D themal resistor mesh where grid lines are de�ned at
the centersof eacharchitecturalblock beingconsidered.Thesegrid
lines are de�ned for the X and Y directionsand extend through
the Z direction to form planes.The intersectionof grid lines in the
X and Y directionsde�ne the themal nodesof the resistormesh.
Each thermalnodemodelsa rectangularprism of silicon that may
dissipatepower if it coverssomeportionof a block. The total power
of eachblock is distributedaccordingto andamongthe x-y areaof
the nodesthat that block covers.After the �oorplanning is donewe
usea slower but moreaccurate�nely spaceduniform grid to report
the �nal temperaturepro�le.

IV. SIMULATION INFRASTRUCTURE

Thedetailedmicroarchitectureusedin our experimentis illustrated
in Figure3. Eachfunctionalblock representsa moduleusedby our
�oorplanner. For accurateperformanceprediction and optimization
wires can no longer be isolated from architecture-level evaluation
but must be modeledas units that consumepower andhave delays.
Therefore,provisions were made to consider wire delays in our
simulator. The existing simulator assumesthat the communication
latency between functional blocks is always one cycle; this no
longer holds while operatingat extremely high frequency given the
increasedwire delaysand ever-growing die areas.For performance
evaluation we use the information provided by the �oorplanner to
derive essentialsimulation parameterssuch as pipeline depth and
communication/forwarding latencies.The inter module latency is a
function of the distanceand numberof �ip �ops betweenmodules.
If the �oorplan has been optimized for clock speed,the pipeline
depth of the processorre�ects it. In our experiments,we expect
an improvement in performance(from architecturalsimulation) if
the frequency of forwarding traf�c betweenunits are included in
our �oorplan formulation. The pro�le-driven �oorplanning tries to
place highly communicatingmodules closer together, minimizing
their latenciesasa function of distance.

Theapprochusedhereis generalenoughto take in many different
con�guartions. For the sake of expediency one con�guration was
chosenfor experimentation.This con�guration is enumeratedhere.
The machinewidth is 8. We use512 entry branchprediction,branch
table,andreorderbuffers, 8 KB Level 1 instructionanddatacache,
128KB Level 2 uni�ed cache,2 MB Level 3 uni�ed cache,128entry
instructionanddatatransferlook-asidebuffers,8 ALUs, 4 FPUs,and
128 entry load storequeue.
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Fig. 3. Processormicroarchitecturemodel.

V. THERMAL-AWARE 3D PARTITIONING AND FLOORPLANNING

A. 3D Partitioning

We performpartitioningusing the FM [24] algorithm.Due to the
imbalancebetweenmodulesizessomemodules,suchastheL3 cache,
have to be removedbeforecalling theFM algorithm.To improve the
IPC of the systemmodulesthat have a lot of communicationmust
be placedin different layer so that accesstime can be reduced.To
accomplishthis we �rst createpseudoedgesbetweenall modules.
If two moduleshave no connectionto eachother the weight of that
pseudoedgeis set to one. If two moduleshave a lot of normalized
traf�c (the maximum numberis one) � , we set the weight of this
pseudoedgeto be 1 � � . Thenwe call the FM algorithmto balance
eachpartition andminimize this pseudoweight.

B. MILP (Mixed Integer Linear Program)-based3D Floorplanning

Figure 4 shows the MILP formulation of our thermal-aware 3D
microarchitectural�oorplanner. Thevariablesusedin this formulation
are enumeratedbelow. The objective of our ILP formulation (=
Equation (1) is a weighted sum of performance-,thermal-, and
area-relatedterms.The weighteddelay of an edge(i; j ) is de�ned
to be � ij � zij , where the weight � ij is basedon module access
frequency. zij is the numberof FFs on the wire. The secondterm
in our objective is thermal-related.We try to separatetwo hot blocks
as much as possible by minimizing (1 � Tij )(X ij + Yij ). The
�nal term minimizes area, where X max is the maximum among
all x values. Since minimizing X max Ymax is non-linear, we try
to minimize only X max . By letting A be the aspectratio of the
chip AX max is greaterthan all y values.U1 , U2 , and U3 are user
de�ned parametersto weight amongperformance,thermal,andarea
objectives,respectively.

Let N denotethe setof all �e xible modules,andE denotethe set
of directededges,wherea directededge(i; j ) representsa wire from
module i to module j . Let H be the height (maximumnumberof
layers)of the 3D IC. Let Tij denotethe normalizedproductof the
temperatureof modulei andj . Let � be the repeatedwire delayper
mm 1, � is via delay2, and� ij be the statisticaltraf�c on wire (i; j ),
i.e., the normalizedaccesscountsfrom modulei to modulej . gi is
the delayof modulei . wmin;i andwmax;i denotethe minimum and

1Basedon thepredictedvaluesof resistance,capacitanceandotherparasitic
parametersfrom [1], repeatedwire delay is approximatedto be 80pS=mm
for 30nm technology. Notethata FO4gatedelayfor 30nm is approximately
17pS.

2The via lengthand � aresmall, hencevia delay is negligible

maximumhalf width of modulei , respectively. The areaof module
i is denotedby ai . Finally, f ij is the numberof �ip-�ops on wire
(i; j ) in the given microarchitecturaldesign.

Let C (= 1/F ) denote the target cycle period of the given
microarchitecturaldesign,which is an input to our �oorplanner. In
the MILP model,we needto determinethe valuesfor the following
decisionvariables:x i , yi , l i , wi , hi , and zij . Let (x i ; yi ) denote
the location of the centerof module i in R2

+ space.l i is the level
of modulei wherethereare from 1 to H levels. X ij , Yij , and L ij

representjx i � x j j, jyi � yj j, and jl i � l j j betweenmodule i and
j , respectively. X max is the maximum value amongall x ij . A is
the aspectratio of the chip. zij is the numberof �ip-�ops on wire
(i; j ) afterFF insertion.wi andhi denotethehalf width andthehalf
heightof modulei , respectively.

Constraint(2) is obtainedfrom the de�nition of latency. If there
is no FF on a wire (i; j ), the delay of this wire is calculatedas
d(i; j ) = � (X ij + Yij ) + � L ij . Then, gi + d(i; j ) representsthe
latency of modulei accessingmodulej . SinceC denotesthe clock
periodconstraint,(gi + d(i; j ))=C denotesthe minimum numberof
FFs requiredon (i; j ) in order to satisfy C. Absolute value on x,
y, and l distanceare given in (3)–(5). To minimize the total area
(6) constrainsmaximumvalueof all x andy locationsby assuming
that the aspectratio of the chip is A. Constraint(7) requiresthat
we do not remove any existing FFsfrom the wires.Constraints(8)–
(11) representrelative positionsamongthe modulesandareusedto
guaranteethat two moduleswill not be overlapped.(12) calculates
eij . If eij is one then two modulesare in diffent levels and can be
overlappedotherwisethe modulesare in the samelevel and cannot
be overlapped.Constraint(13) speci�es the possiblerange of the
half width of eachmodule.(14) is a non-negative constraintfor the
module location. l i representsthe level of modulesi as shown in
(15). (16) statesthat (cij ; dij ; eij ) are binary variables.cij ; dij ; eij

denotetherelative positionsof theblocks,i.e. left, right, top,bottom,
up, down. Finally, (17) speci�es that the numberof �ip-�ops must
be an integer. Also note that M is a suf�ciently large number.

C. Linear Relaxation

The MILP �oorplanning problem is NP-hard and requirespro-
hibitive runtimeto obtaina legal solution.Speci�cally, zij , cij , dij ,
eij , and l ij are the only integer variables.To remedythis problem,
we relax MILP into Linear Programming(LP) model as follows.3

We adopta partitioningmethodsimilar to the onedescribedin [25]
to obtainl ij . To relax the integrality while maintainingthefeasibility
andstayingcloseto theoptimalsolutionwe �rst relax the integrality
of zij to bea realnumber. We alsosolve several linearprogramming
problemsto determinetherelative positionsamongthemodules,i.e.,
cij anddij . If thesecij , dij , andeij areusedin Equation(10) and
(11), andl ij andzij cantake real values,our MILP modelshown in
Figure4 becomesa Linear Program.

Our thermal-aware3D �oorplanning algorithmconsistsof multiple
iterations,where at each iteration a cutline is insertedto divide a
region (alternatively called a block) into two sub-blocks.We start
the algorithm by creatinga large block containingall modulesfor
each layer. At each iteration, we choosea block, divide it into
two sub-blocks,andperformmodule�oorplanning again so that the
thermal/performanceobjective is furtherminimized.At thebeginning
of eachiteration,we call thermalanalysisto get temperaturepro�le.
Note thatbecauseof thebipartitioningmethod,thenumberof call to

3If a near-optimal solution is required,MILP is the betterapproachthan
LP. However, ILP in generalrequiresan excessive amountof computational
power to solve.



MILP Formulation

Minimize
X

( i;j ) 2 E

(U1 � � ij zij + U2 � (1 � Tij )(X ij + Yij ) + U3 � X max ) (1)

Subjectto:

zij �
gi + � (X ij + Yij ) + � L ij

C
; (i; j ) 2 E (2)

X ij � x i � x j and X ij � x j � x i ; (i; j ) 2 E (3)

Yij � yi � yj and Yij � yj � yi ; (i; j ) 2 E (4)

L ij � l i � l j and L ij � l j � l i ; (i; j ) 2 E (5)

X max � x i and A X max � yi ; i 2 N (6)

zij � f ij ; (i; j ) 2 E (7)

x i + wi � x j � wj + M (cij + dij + eij ); i < j 2 N (8)

x i � wi � x j + wj � M (1 + cij � dij + eij ); i < j 2 N (9)

yi + m i wi + ki � yj � m j wj � kj + M (1 � cij + dij + eij ); i < j 2 N (10)

yi � m i wi � ki � yj + m j wj + kj � M (2 � cij � dij + eij ); i < j 2 N (11)

eij �
L ij

H
and eij � L ij ; (i; j ) 2 E (12)

wmin;i � wi � wmax;i ; i 2 N (13)

x i ; yi � 0; i 2 N (14)

l i 2 f 1; 2; :::; H g; i 2 N (15)

cij ; dij ; eij 2 f 0; 1g; i < j 2 N (16)

zij 2 N; (i; j ) 2 E (17)

Fig. 4. Mixed integer linear programmingmodelof our thermal-aware3D microarchitectural̄oorplanning.

Thermal-aware3D Floorplanning

partition blocks into layers;
Initialize B (1) = f 1g; M 1(1) = N ;
for (u = 1 to log2N )

Call ThermalAnalysis
for (count =1 to run)

Choosea block j anddivide it into two;
SpecifySj k (u); ( �x j k ; �yj k );
Solve LP with cutline u;
UpdateB (u + 1); M j (u + 1); r j ; vj ; t j , bj ;

Projectbestsolution for u + 1;
Obtaincij ; dij from prior slicing �oorplan;
Solve MILP;
returnx i , yi , wi , hi , zij ;

Fig. 5. Descriptionof our thermal-aware 3D ¯oorplanningalgorithm. We
performa top-down recursive bipartitioningandsolve LP-based̄oorplanning
at eachiteration.We thensolve MILP again after the last iterationusing the
slicing ¯oorplanningresult.

thetemperatureanalysiscanbeminimizedto only logN . During this
process,the modulesin the chosenblock shouldbe enclosedby the
block boundaries;thenthe area-weightedmean(= centerof gravity)
amongall modulesin eachsub-blockcorrespondsthe centerof the
sub-block.In addition, the userspeci�ed clock period C constraint
needsto besatis�ed,i.e., thelongestcombinationalpathdelayshould
be lessthanC. We terminatethe for loop wheneachblock contains
exactly one module.Lastly, we obtain the relative positionsamong
the modulesfrom the slicing �oorplanner result and solve MILP
(shown in Figure4) again.This time,however, theMILP formulation

becomesan LP sincecij anddij arealreadydeterminedandzij are
still allowed to have non-integer values.

Figure 5 shows a descriptionof our LP-based3D slicing �oor -
planningalgorithm.First we performpartitioningto obtainl ij . B (u)
denotesthe set of all blocks at iteration u, and M j (u) denotesthe
set of all modulescurrently in block j at iteration u. Sj k (u) is the
set of modulesassignedto the centerof sub-blockk (k 2 f 1; 2g)
containedin block j at iterationu. We denotethecenterof sub-block
k containedin block j by ( �x j k ; �yj k ). Finally, let r j ; vj ; t j ; bj denote
the right, left, top, and bottom boundaryof block j . Note that each
iteration can be repeatedmultiple times to obtain different slicing
�oorplans. This is dueto the fact that thereexists multiple solutions
thatsatisfytheboundaryandcenterof gravity constraintsduringeach
bipartitioning.Thus,weperformeachbipartitioningseveraltimesand
pick thebestsolutionin termsof thetotal weightedwirelengthfor the
next iteration.After the �nal slicing �oorplan is obtained,we solve
MILP again using cij ; dij we obtainedfrom the slicing �oorplan
to obtain a more compactsolution. We return x i , yi , wi , hi , and
zij as the �nal resultsof the thermal-aware 3D microarchitectural
�oorplanning.

Figure 6 shows the LP formulation for our thermal-aware 3d
microarchitectural�oorplanning, which is usedat eachiteration of
our recursive bipartitioning-based(= slicing) �oorplanning. At each
iteration, a new cutline is insertedto divide a block into two sub-
blockswhile minimizing the total weightedwirelengthis minimized.
The block boundaryconstraints(18)–(21) require that all modules
in the block be enclosedby theseblock boundaries.The centerof
gravity constraints(22)–(23)requirethat the area-weightedmean(=
centerof gravity) amongall modulesin eachsub-blockcorresponds
the center of the sub-block. We also develop another LP-based
�oorplanning model in which we minimize the total wirelengthand



LP Formulation

Minimize
X

( i;j ) 2 E

(U1 � � ij zij + U2 � (1 � Tij )(X ij + Yij ))

Subjectto (2)—(7), (13)—(14)and the following:
If modulei and j are in the samelevel

x i + wi � r j ; i 2 M j (u); j 2 B (u) (18)

x i � wi � vj ; i 2 M j (u); j 2 B (u) (19)

yi + m i wi + ki � t j ; i 2 M j (u); j 2 B (u) (20)

yi � m i wi � ki � bj ; i 2 M j (u); j 2 B (u) (21)

And for k 2 f 1; 2g; j 2 B (u)
X

i 2 S j k ( u )

ai x i =
X

i 2 S j k ( u )

ai � �x j k (22)

X

i 2 S j k ( u )

ai yi =
X

i 2 S j k ( u )

ai � �yj k (23)

Fig. 6. LP (Linear Programming)formulation of our thermal-aware 3D
microarchitectural̄oorplanning.This LP is usedto perform¯oorplanningat
iterationu of the main algorithmshown in Figure5.
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areaonly with the following objective:
P

( i;j ) 2 E (X ij + Yij ). We
alsouseareaandperformance-onlyalgorithmthatusesthefollowing
objective:

P
( i;j ) 2 E � ij zij .

VI . EXPERIMENTAL RESULTS

We performed experimentson ten SPEC2000benchmarks,six
from the integer suite and four from the �oating point, similar to
[3]. The training input set was usedfor pro�le collection while the
IPC performanceresultsweregatheredusingthe referenceinput set.
Each simulation for the referencerun was fast-forwarded by 200
million instructionsand thensimulatedfor 100 million instructions.
Each simulation for training was fast-forwarded by 100 million
instructionsand then simulated for 100 million instructions.The
main objective of moving to 3D ICs is to minimize wirelengthsuch
that the performancecan be improved. Hencewe selectthe largest
con�guration from [3] for our study. In addition, in [3], the authors
alsosuggestthat large/complex processoresaremorelikely to bene�t
from pro�le driven �oorplanning asusedin this study.

First we show that, without the thermalconstraint,by scalingthe
clock frequncy the inter-modulecommunicationlatency is increased
resultingin reductionof IPC despitethe useof a good�oorplanning
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Fig. 9. Maximum Temperature

algorithm.By moving to 3D ICs, in particularby increasingthenum-
ber of layersin 3D ICs, the impactof the shortenedcommunication
pathon IPC canbe reduced,asshown in Figure7.

Next we study the IPC improvement of four layer 3D ICs for
pro�le driven (prof), wirelengthdriven (wl), thermaldriven (therm),
hybrid, and perfect �oorplanning as shown in Figure 8. In perfect
�oorplanning, we assumethat thereis no wire delayandall modules
can communicatewith eachother with latency dependingonly on
gate delay. In other words,we assumethat wire delay is zero.This
is to show the upperboundof what �oorplanning cando. From the
�gure, it can be seenthat pro�le driven �oorplaning can do a good
job, very closeto perfect�oorplanning. The hybrid approachcando
a little bit betterthan thermalandwirelengthdriven �oorplanning.

In termsof thermalreduction,our thermaldriven�oorplanning can
result in 24% reductioncomparingwith the pro�le driven approach
as shown in Figure 9. Here we report maximumtemperaturewhere
zero degreesis ambienttemperature.Thermal driven �oorplanning
results in the best result among all four �oorplanning objectives.
In addition, wirelength driven �oorplanning also performswell in
terms of maximum temperature.This is becausewirelength driven
�oorplanning tries to balancedistanceamongall moduleswithout
favoring any single module. Pro�le driven, as expected,results in
a bad thermal result. This is becauseperformanceand temperature
arecon�icting objectives.Thereforethe userhasthe ability to make
balancedtradeoffs with the parametersU1 , U2 , U3 . The hybrid
approachalso has higher temperaturecomparedwith thermal and
wirelengthdriven �oorplanning but goodperformance.

Whenconsideringwirelengththepro�le-drivenapproachincreased
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wirelengthby 49%on average,the thermal-drivenapproadincreased
wirelength by 35% on average,and the hybrid approachincreased
wirelengthby 25% on averageover the wirelength-driven case.

Next we studytheimpactof thenumberof layerson IPC asshown
in Figure 10. By increasingthe number of layers, pro�le driven
�oorplanning can reach the performanceof perfect �oorplanning
faster comparedwith the other approaches.The hybrid approach
canperforma little bettercomparedwith the thermalandwirelength
drivenapproaches.By increasingthenumberof layers,all techniques
result in the improvementof performance.

Finally, we study the impact on temperaturewhen we increase
the numberof layersas shown in Figure 11. By increasingnumber
of layers, the maxmimum temperatureincreasesat a high rate.
High temperaturecan result in circuit malfunction. Pro�le driven
�oorplanning resultsin a high temperatureincreaserateandhasto be
usedwith caution.The graphalso demonstratesthat thermaldriven
�oorplanning resultsin the slowest rateof temperatureincrease.

Eachof the benchmarksrequiresapproximately2 hoursof CPU
time on PentiumXeon2.4GHz dualprocessorsystems.Themajority
of that time is devoted to simulation.

VI I . CONCLUSIONS

Herewestudytheimpactof next generationmicroprocessordesign
by combiningmany proposedtechniquesto reducewire delayimpact.
We show that by moving to multi-layer 3D ICs and pro�le driven
�oorplanning, it can help increaseperformanceof next generation
microprocessor. However by moving to 3D ICs, thermalwill become

the issueand it can result in circuit breakdown if designersdo not
aware of it. Here we proposethermaldriven �oorplanning that can
resultin 24%maximumtemperaturereductioncomparingwith pro�le
driven �oorplanning approach.In addition, we also proposehybrid
approachthat considerthermaland performanceissue.In addition,
we belive that there are still more room for this hybrid approach
improvementandwarrantfurther research.
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