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Abstract— This paper presents a power model for global
interconnects. The power is divided into two parts, capacitive
power and buffer power. The capacitive power for a net is
estimatedbasedonthetile structure, which representsthephysical
hierarchy for the interconnect planning. The buffer power is
estimatedbasedon the fact that the total short-circuit power is
not sensitiveto the buffer location. Experimental results show
that our capacitancemodel is accurate even for a coarse tile
structur e. We have also studied the correlation betweenpower
consumption and total wire length at the interconnect planning
stageusing this power model.

I. INTRODUCTION

In deep sub-microndesigns,interconnectsdominatethe
performanceof the LSI chip. As a result, the interconnect-
centric design [1] is required. In the interconnect-centric
design,the conventionaldesignparadigm,which is basedon
the logical hierarchyis replacedby the new designparadigm
basedon thephysicalhierarchyasshownin Fig.1.

Thephysicalhierarchyis representedasa seriesof the tile
structures,eachof which representsa level of the physical
hierarchy. At eachlevelof thephysicalhierarchy, thelocation
of acell isspecifiedby thetile containingit, andthetopologyof
anetis specifiedby asetof tiles thatcontainstheroutingpath
of the net (cf. Fig.2(a)). The finer the tile structurebecomes,
themoreaccuratethe cell locationandnet topologybecome.
The processof generatinga sequenceof rough placement
androuting is calledthe interconnect planning process in the
interconnect-centricdesignflow. In the interconnectplanning
process,area, delay, and power must be estimatedfor an
optimalfinal layoutresult.

This paperproposesan interconnectpowermodelfor each
level of thephysicalhierarchy. Sincethemodelmaybeused
repeatedlyin the interconnectplanningprocess,it shouldbe
simpleaswell asaccurate.Themostimportantfeatureof our
modelis thatit canaccuratelyestimatethecouplingcapacitance
asit takesa largeportion of the total wire capacitancein the
deepsub-microndesign.Our modelalsoconsidersthepower
duetobuffersasbufferinsertionis atechniquecommonlyused
to reducetheinterconnectdelay.

The paper is organizedas follows. Section II presents
our interconnectpowerestimationmodelfor the interconnect
planningprocess.SectionIII discussestheapplicationof our
powermodelat the interconnectplanninglevel. SectionIV
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Fig. 1. Paradigmshift from thelogical hierarchyto thephysicalhierarchy. In
thelogical hierarchy, thechip is composedof a setof logical moduleswhich
is denotedby boxesin thefigure. Ontheotherhand,thechip is dividedinto a
setof tiles at eachlevel of thephysicalhierarchy. Thelevel of a fine tile
structureis lower thanthatof a coarseone. In thefigure,2 � 2 tile structure
is thetop level,4 � 4 tile structureis thenextlevel,andsoon.
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Fig. 2. (a) Eachlayeris dividedinto tiles. Theroughlocationof acell is
representedby a tile whichcontainsthecell. Theroughtopologyof a netis
representedby a setof tiles (shownin shadedareas)which containthenet.
(b) Distributionof wirescrossinga boundaryof a tile. A shadedbox
representsaneffectivewire with effectivewidth ���	��

� � . Theshaded
boxeson thetop andbottomboundariesarewiresin theadjacenttiles.

providesexperimentalresults,and SectionV concludesthe
paper.

II. OUR POWER ESTIMATION MODEL

In this section,we presentour interconnectpowermodel,
andshowhow to calculatethemodelparametersbasedon the
roughlayoutdata,which is illustratedin Fig.2(a).

Let ��� denotethepowerconsumptionof net � . ��� is divided
into thefollowing two parts:

������������ ������ � 1 
where � �� denotesthepowerdueto charginganddischarging



of the load capacitanceof net � , and � �� denotesthe power
dueto the buffersto be insertedinto net � . � �� and � �� are
calledcapacitive power andbuffer power, respectively, for net
� . Theyareexpressedasfollows:

� �� � 1
2

� ��� ��� 2��� � � 2 

and

���� �
�
	� � 
 1

� ��� � � � 3 

where
� � is the switchingfrequency1 of net � , � � is the load

capacitanceof net � , � ��� is the supplyvoltage, � represents
thelabelof abuffer, � � is thenumberof buffersto beinserted
into net � (cf. AppendixB), and � � is the internalenergyof
buffer � . �

�
is the energycausedby a signal transition,and

is consideredasthesumof theenergydueto theshort-circuit
current,and that of charginganddischargingof the internal
capacitance.

Theinputsandoutputsof our powerestimatoraresumma-
rizedin Fig.3.

Theswitchingfrequencyinformation
� � for eachnet � can

beestimatedprior to the interconnectplanningprocessusing
anycommerciallyavailablesimulator, suchasVerilog-XL.

Thecapacitancelook-uptableprovidestheunit-lengtharea,
fringe, and coupling wire capacitancesunder various wire
widthsandspacings.Thecapacitancelook-uptableisobtained
usingthe2-D extractorprovidedby theauthorsof [2].

Thebuffer look-uptableprovidesthebuffer internalenergy
consumptionper transition for various input slew time and
loadcapacitance.The buffer look-up table is obtainedusing
HSPICE.

Theselook-uptablesareusedextensivelyin ourpoweresti-
mationprocessandwill beshownin thefollowing subsections.

A. Estimation of Capacitive Power

Theloadcapacitanceof net � , denotedby � � in (2), isdefined
by � � � � � ���� � � � ��� � ���� � � ���
 � ��� �

���
�! � � � � 4 

where" is the label for the input pinsconnectedto net � , � ��
is theinput capacitancefor pin " , � � is thenumberof buffers,� � is theinput capacitanceof a buffer, � �� is thegroundwire
capacitance2, �  � � is the couplingcapacitancebetweennets �
and # , � �

�
is the switching factor, and

��� � ��� is its average.
Accordingto AppendixA, we canassume

��� � � � � 1. In this
paper, weshallshowamethodto estimate� �� and $ �%�
 � �  �

�
.

Otherparameterscanbeeasilyobtained.
It is well known that the coupling and fringe capacitance

strongly dependson the distancebetweenadjacentparallel
wires. Hence,thewire distancemustbecarefullyconsidered
in wire capacitanceestimation.

1Theswitchingfrequencyis the numberof the signal transitionsper unit
time.

2Thegroundwirecapacitanceincludestheareaandfringewirecapacitance.
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Fig. 3. Inputsandoutputsof our powerestimator, andtherelationwith the
interconnectplanningengine.“swt. freq.” is theswitchingfrequency
informationfor eachnet,“cap. LUT” is thecapacitancelook-uptable,and
“buf. LUT” is thebuffer look-uptable. “power data”includestheestimated
total power.

We assumethat in addition to the rough location of the
cells and nets, the following information is providedby the
interconnectplanningengine:&(' : thehorizontallengthof a tile,&*) : theverticallengthof a tile,&*+ : thedefaultwire width for eachlayer,&*,.- �0/ : theminimumspacingbetweenwires,&*1 : thenumberof thewirescrossingeachboundary.

Sincethe distancebetweenadjacentparallelwires cannot
be lessthan , - � / , it is convenientto considereachwire as
havinga width of + � , - �0/ , which is called effective width
in this paper. A virtual wire, whosewidth is broadenedup to+ � , - �0/ , is calledeffective wire.

To estimatethe wire distance,we have to consider the
distribution of the wires within a tile. For simplicity, we
concentrateon thehorizontalwirescrossingthe left boundary
of a specific tile on a specific layer as shown in Fig.2(b),
in which the distribution of wires is representedby spacing
parameters2 1 ��34353 � 24/ where 2 � (# � 1 �43�343 � 1 ) denotesthe
distancebetweenthe (#76 1)-th effective wire and the # -th
effectivewire. Weassumethateffectivewiresexistin adjacent
tileson thetopandbottomboundariesfor laterconvenience.

Let " ( 2 1 �535343 � 2 / ) denotethe probability densityof the dis-
tribution 2 1 �535383 � 24/ . Since the total probability is 1, the
integrationoverall possibledistributionsmustbe1:9;:=<

0 > 2 1

9;:=<0?A@
1

0 > 2 2 35343 9;:B<0?A@ 1
?DC C C ?A@4E5F

1

0 > 28/G" ( 2 1 �535343 � 2%/ ) � 1 � � 5 

where)IHAJK) 6 1 � + � , - �0/  .
The previousworks, suchas [4], assumethat the average

valueof the couplingcapacitanceis representedby the value
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Fig. 4. Comparisonof theunit-lengthcapacitanceestimationmethodsfor
100')( technology. Thecapacitanceobtainedby “Evenly Spaced”methodis
estimatedusinga look-uptable * ( + ) with +-,/.10 2 ( ' � 1) (wire distancefor
evenlyspacedcase).“Equal Weight” meansourmethodbasedon the
principleof equalweight. Thehorizontalaxisrepresentsthenumberof the
wirescrossingtheboundary, where100is themaximumallowablenumberof
thewireswhich cancrosstheboundary. Theverticalaxisrepresentsthe
unit-lengthwire capacitance(ground+ coupling)at thetop layer.

whenthe wires are evenlydistributedin a tile. This means2 1 � 2 2 � 34353 � 2 / � ) H43 � 1 � 1 in Fig.2(b). However, this
assumptionisnotrealisticsincethelocationsof thewireswithin
atile arenotdeterminedat theinterconnectplanninglevel,and
thereis noreasonto assumetheevenlyspaceddistribution.On
thecontrary, we would like to emphasizethatany distribution
of the wires cantakeplaceat equalprobability. This means,
for example,thedistribution 2 1 � 2 2 � 34353 � 2 / � 0 cantake
placeat thesameprobabilityastheevenlyspaceddistribution.
According to this principle of equal weight, " ( 2 1 �435353 � 28/ )
is constantfor any distribution 2 1 �535343 � 28/ , and is equal to" � 1 ! 365 ) H�7 / sincetheleft handsideof (5) is 5 ) H�7 / 3 1 ! " .

The probability distribution for 2 1, which is denotedby" ( 2 1), is obtainedby integratingoverall possibledistributions
for 2 2 �534353 � 2 / asfollows:

" ( 2 1) �
9 : < ?A@

1

0 > 2 2 35353 9 : < ? $
E5F

1	 8
1
@ 	

0 > 2 / "
�

1) H 9 1 6 2 1) H�: / ? 1 ;
(6)

Theprobabilitydistributionfor 2 2 �43�343 � 2%/ hasthesameform.
Using(6), theaverageunit-lengthcapacitanceat thebound-

ary is obtainedby

¯< J 9 :=<
0 > 2�" ( 2 ) < ( 2 ) � 9 :=<

0 > 2
1) H 9 1 6 2) H : / ? 1 < ( 2 ) � � 7 

where< ( 2 ) denotestheunit-lengthcapacitanceasafunctionof
thedistance2 betweenadjacenteffectivewires. Thisintegralis
performednumericallyusing < ( 2 ) providedby thecapacitance
look-uptable.

Fig.4showsthedifferencebetweenevenlyspacedassump-
tion and equal weight assumption. The differenceis most
obviouswhenthenumberof thewires crossingthe boundary
is about20–70%of thecapacityof theboundary.

AppendixC describeshow to calculate� �� and $ �%�
 � �  �
�

basedon theunit-lengthcapacitancegivenby (7).

B. Estimation of Buffer Power

Theinternalenergyof abuffer is dueto:

1. charging/dischargingof theinternalcapacitance,

2. staticcurrent,

3. short-circuitenergy.

Of them, only the short-circuitenergycandependon buffer
locationsinceit is proportionalto the input slew time, which
is alsoproportionalto theElmoredelayfrom theoutputof the
previousbuffer. Hence,theaverageshort-circuitenergyfor a
buffer in net � is proportionalto

1� �
� 	� � 
 1 >

�
� � 8 

where >
�

is theElmoredelayfrom the outputof the previous
buffer to the input of buffer � . Accordingto [3], the sumof
theElmoredelaysis not sensitiveto thebuffer locations.This
alsomeans � �� J 1� �

� 	� � 
 1

� � � 9 

is not sensitiveto the buffer location as illustratedin Fig.5,
where� �� is theaveragebuffer internalenergyperswitching.

The above argumentmeanswe can assumeany buffer
location to estimate � �� . This observationis an important
contributionof thispaper. Sinceanybufferlocationisavailable
to estimate� �� , we assumeeachbuffer is locatedto drive the
equalloadcapacitance� J � � 3 � � , andto havetheequalinput
slewtime ,!J>= � , where=KJ 1� � ��?A@

�
B  DC �
B  � 10 

is the averageload resistancefor a buffer, and
@
��B  is the

unit-lengthresistanceon tier3 B . In this case,� � is equalto� ( , � � ), where� ( , � � ) is theinternalenergyof abufferfor the
input slewtime , andloadcapacitance� . � ( , � � ) is obtained
from thebuffer look-uptable.

Using � �� , the buffer power is obtainedby the following
equation:

� �� � � � � ��� �� ; � 11 

III. APPLICATION OF OUR MODEL AT INTERCONNECT

PLANNING

In a deepsub-microninterconnectcentric designflow, it
is important to designthe global interconnectsin the early
designstagesto guaranteeperformanceand designclosure.
It is preferablefor an interconnectplanningengineto design
and optimize the global interconnectsince such an engine

3A tier is a pair of layers,on eachof which eitherhorizontalor vertical
wiresarerouted.
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Fig. 5. Relationbetweenenergyandbuffer locationin 100')( technology
obtainedbyHSPICE. “Averageenergy”is theaverageenergyof three
buffers,andis not sensitiveto thelocationof � 1.

can break down the logical hierarchyand generatea more
reasonablephysicalhierarchy.

Sinceour powermodelonly requiresglobalplacementand
congestioninformation, it can be usedin combinationwith
an interconnectplanningtool. It canbe usedin interconnect
planning in two ways: (1) It can provide accuratepower
estimationfor an interconnectplanningsolution so that any
power problem in an interconnectplanning solution can be
discoveredin the early designstageswithout going through
any detailedplacementand routing. (2) The interconnect
planningtools canusethe powerestimationmodel to guide
theoptimizationengineto generateplanningwith low power
consumptions.

The advantageof using our power model for the power
evaluationis quite clear as long as the model is accurate
enough— it canprovidea fastandaccuratepowerestimation
without takinga long time for detailedplacementandrouting.
We shall showtheaccuracyof themodelin the experimental
resultsectionto validatethisclaim.

Theapplicationof thepowermodeltoguidetheinterconnect
planningmaydeservesomefurtherdiscussion.It iswell known
thatinterconnectcapacitancemayhavesignificantcorrelation
with thetotalwire length.Therefore,beforeweusethepower
model to guide the interconnectplanning tools directly, we
shouldfirst find out how strongthe correlationbetweentotal
interconnectpowerandtotal wire lengthis. If thecorrelation
betweenthetotalwire lengthandthetotal poweris strong,we
cansimply usethe total wire lengthto guidethe interconnect
planningengineandonly apply the powermodelwhenexact
andaccuratepowerestimationis requiredto becalculated(for
example,to ensurethat theconstraintsin powerconsumption
aresatisfied).If thecorrelationis weak,wemayneedto tightly
integratethe power estimationto the interconnectplanning
engine. In the next section,we haveadditionaldetaileddata
showingthecorrelationbetweenthe total powerandthe total
wire length.

(#row) � (#column) average maximum total

2 � 2 52.7 154.9 -42.0
4 � 4 21.8 155.8 -5.0
8 � 8 12.9 96.4 2.3

16 � 16 6.5 86.7 2.8
32 � 32 3.8 36.0 2.2
64 � 64 2.1 18.4 1.1

128 � 128 1.1 11.1 0.3

TABLE I
LOAD CAPACITANCE ESTIMATION ERROR. THE FIRST COLUMN

((#ROW) � (#COLUMN)) INDICATES THE NUMBER OF THE ROWS AND COLUMNS

OF THE TILE STRUCTURE. THE SECOND COLUMN (AVERAGE) SHOWS THE

AVERAGE LOAD CAPACITANCE ESTIMATION ERROR (%) FOR EACH NET,
WHERE THE AVERAGING IS DONE FOR THE ABSOLUTE VALUE OF THE ERROR.
THE THIRD COLUMN (MAXIMUM) SHOWS THE MAXIMUM LOAD CAPACITANCE

ESTIMATION ERROR (%) FOR EACH NET, WHERE THE ERROR IS THE ABSOLUTE

VALUE. THE FORTH COLUMN (TOTAL) SHOWS THE TOTAL LOAD CAPACITANCE

ESTIMATION ERROR (%).

IV. EXPERIMENTAL RESULTS

A. Validation of Our Model

In this section,we will discussthe validationof the power
estimationmodel. We used 1801�� technology, in which� �
� � 1

;
8� . For simplicity, we assume

� � � 0
;
12
�����

for
eachnet.

Table I shows the results of the experimentto confirm
the accuracyof our load capacitanceestimation. In this
experiment,we usea test casemcc1 which is obtainedfrom
[7]. Accordingto [7], themcc1testcaseis generatedby using
the global routing in [6], pseudopin assignmentin [7] and
detailedroutingin [8]. It has802globalinterconnectsandwas
scaledto 0

;
18	 � technology.

To compare our model with this exact result, we di-
vided the chip into an 1�
 1 tile structure, where 1 �
2 � 4 � 8 � 16� 32� 64� 128, andcountedthe numberof netscross-
ing eachboundary. Basedon this congestioninformation,we
estimatedthe load capacitancesof eachnet andcomparedit
with the exactvaluecomputedbasedon the detailedrouting
solution.

Accordingto TableI, ourmodelis accurateevenfor acoarse
tile structuresuchas16 
 16 decomposition.The estimation
error is mainly due to the following reasons. The detailed
routing is not as simple as first estimatedin our planning
stage.Theactualcouplingcapacitancefor eachnetcannot be
accuratelydeterminedwithout knowingtheactualwire length
andwire spacingcalculatedfrom detailedrouting,which may
not bethesamefor differentnets.Therefore,someestimation
errorswill beintroducedin thecouplingcapacitanceestimation
in our model. Furthermore,somewiresmayalsotakedetour
routeswithin a tile. Thesedetourscannot beseenat thehigh
levelof physicalhierarchysinceweonly knowthecongestion
information at the tile boundaries. Thesedetourrouteswill
contributemoreestimationerrorsto our model.

The error of the total load capacitanceis smallerthan the
averageor maximumone,andcanbeexplainedasfollows:



Fig. 6. Relationbetweenloadcapacitanceestimationerrorandwire length
for 16 � 16 tile structure.Thehorizontalaxisrepresentsthetotalwire length
of eachnet. Theverticalaxisrepresentstheestimationerrorof theload
capacitance.Eachdatapoint representsa net. A few datapointsareout of the
rangeof this graph.

1. The estimationerror of the load capacitancefor each
net can be minus as well as plus. Hence the error
can be cancelledout eachother when we sum up the
load capacitancefor eachnet to obtain the total load
capacitance.

2. Our capacitancemodel is especiallyaccuratefor longer
interconnects,whichdominatethetotal loadcapacitance.
This is becauseour probabilisticassumptionworks well
sincetheycrossmanyboundaries.

Theseobservationsaresupportedby Fig.6.

B. Correlation between Total Wire Length and Power

Weuseasetof MCNC standardcell benchmarksfor theex-
perimentson thecorrelationbetweentotal globalinterconnect
wire length and total interconnectpower consumption. The
testcasesare: s9234,s5378,s13207,s15850,s38417,s38584,
bigkeyandclma4. TableII showsthecircuit’s characteristics
of thesetestcases.

Weusetheinterconnectplanningtool thatis currentlyunder
developmentatUCLA [1] to generateaninterconnectplanning
solution.Our interconnectplanningtool placesall thecellson
the tiles andperformsa global routing on it. We canrestrict
global routing to use only 1, 2, or 3 tiers, which result in
differentroutingcongestions.

Our interconnectplanning tool usessimulatedannealing
basedplacementalgorithm. Therefore,it is capableof gen-
eratingmultiple solutionsfor the sametest case. For each

4Thetestcasesthatwe obtainedonly containnet lists without cell library
information. The cell geometryand pin locationsused in placementare
generatedby using a Mississippi State University 0 � 8� ( StandardCell
Library. We then shrunk them to approximatethe cells in the 0 � 18� (
technology. Wealsoprunedoutsomenetsanddanglinggatesin orderto getan
irredundantsignalnetwork. Thereforethenumbersof gatesandnetsreported
in Table II may be different from thoseother publications. We assumethe
clockfrequency

� , 0 � 1����� . Becausewe donot haveswitchingfrequency
for the nets,we randomlyassignthemto be between0 � 1 to 0 � 3 of the clock
frequency.

name #GATE #PI #PO #NET

s9234 1448 28 37 1476
s5378 1653 35 45 1688
s13207 3713 59 146 3772
s15850 4393 76 148 4469
s38417 11281 28 106 11309
s38584 14695 38 284 14733
bigkey 8831 228 197 9059
clma 30565 61 66 30626

TABLE II
BENCHMARK CIRCUITS CHARACTERISTICS.

testcase,wegeneratemultiple interconnectplanningsolutions
with globalroutingrestrictedto differentnumberof tiers. For
eachsolution,wecalculatethetotal boundingboxwire length
and estimatethe power consumptionusing our model. For
eachcircuit, wecalculatenormalizedwire lengthsby comput-
ing the averagewire lengthanddividing all the wire lengths
by this averagelengthto get the normalizedwire length. We
do thesamenormalizationfor powers. We thencalculatethe
normalizedpowerto normalizewire lengthratio for eachtest
case.After theratio for eachrun of eachcircuit is calculated,
we will calculatedthe averageratio and standarddeviation.
Theresultsfor usingonly 1, 2 and3 tiersof routinglayersare
shownin TableIII, TableIV, andTableV, respectively.

From left to right in thesetables, the columnsshow the
test casename, the numberof runs, the averagetotal wire
length,theaveragetotal power, theaveragemaximumrouting
congestion,thedeviationof maximumcongestion, theaverage
ratioof thenormalizedtotalpowerto thenormalizedtotalwire
length,andthedeviationof ratios.A plot of all thenormalized
total wire lengthsvs. all thenormalizedtotal powersarealso
shownin Fig.7.

Wecanseethattheresultsin TableIII arethemostcongested
andconsumedthemostpower, while theresultsin TableV are
the leastcongestedandconsumedthe leastamountof power.
However, if we look at theaveragenormalizedpowerto wire
length ratio, all the ratios are consistentlyclose to 1 in all
tables.It is alsoshownin Fig.7 thatall thepointsarecloseto
theline 2 �	� .

This showsthat the interconnectpower hasa very strong
correlationto the total boundingbox wire length. Therefore,
using boundingbox wire length shouldbe good enoughfor
guiding the minimization of interconnectpower during the
interconnectplanning. It also suggeststhat the total power
of any planningsolution with total wire length


��
can be

estimatedby � 0

 
�� 3 
��

0, where� 0 and

��

0 arethetotal
powerandthetotalwire lengthof theinitial planningsolution,
respectively.

V. CONCLUSIONS

In this paper, we presenteda powermodelfor global inter-
connectsbasedon the tile structureof thephysicalhierarchy.
In our model,theloadcapacitanceof a net is estimatedbased



example # of avg. avg. avg. std. dev avg std. dev
Runs Wire(mm) Power(mW) Max Cg Max Cg Ratio Ratio

s9234 20 70.97 0.39 0.96 0.08 1.0001 0.0132
s5378 20 93.66 0.51 1.03 0.12 0.9997 0.0147
s15850 20 310.21 1.69 1.08 0.16 0.9998 0.0135
s13207 20 256.18 1.40 1.24 0.26 1.0001 0.0260
s38417 20 1241.03 9.81 1.36 0.12 1.0009 0.0574
s38584 24 3923.20 29.86 1.31 0.19 0.9976 0.0504
bigkey 20 424.25 3.81 1.06 0.28 1.0000 0.0402
clma 13 4564.47 58.98 1.28 0.21 0.9986 0.0354

TABLE III
CORRELATION BETWEEN TOTAL INTERCONNECT POWER AND TOTAL WIRE LENGTH (1 TIER ROUTING)

example # of avg. avg. avg. std. dev avg std. dev
Runs Wire(mm) Power(mW) Max Cg Max Cg Ratio Ratio

s9234 20 71.15 0.37 0.81 0.09 0.9998 0.0121
s5378 20 93.80 0.49 0.86 0.11 0.9998 0.0138
s15850 20 313.46 1.62 0.89 0.09 0.9999 0.0203
s13207 20 257.16 1.36 0.94 0.16 0.9999 0.0154
s38417 20 1224.48 8.63 0.96 0.11 0.9986 0.0430
s38584 24 3905.19 25.68 0.92 0.16 0.9992 0.0420
bigkey 20 427.55 3.16 0.83 0.13 0.9997 0.0382
clma 13 4560.03 48.13 0.85 0.10 0.9995 0.0356

TABLE IV
CORRELATION BETWEEN TOTAL INTERCONNECT POWER AND TOTAL WIRE LENGTH (2 TIERS ROUTING)

example # of avg. avg. avg. std. dev avg std. dev
Runs Wire(mm) Power(mW) Max Cg Max Cg Ratio Ratio

s9234 20 70.75 0.37 0.77 0.11 0.9998 0.0155
s5378 20 93.16 0.49 0.87 0.12 0.9998 0.0146
s15850 20 313.92 1.64 0.85 0.15 0.9998 0.0170
s13207 20 256.43 1.34 0.89 0.14 0.9999 0.0171
s38417 20 1204.66 8.29 0.83 0.10 1.0018 0.0636
s38584 24 3887.59 25.26 0.82 0.15 0.9982 0.0502
bigkey 20 427.66 3.00 0.74 0.10 0.9999 0.0218
clma 13 4576.86 49.12 0.69 0.09 1.0011 0.0508

TABLE V
CORRELATION BETWEEN TOTAL INTERCONNECT POWER AND TOTAL WIRE LENGTH (3 TIERS ROUTING)
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Fig. 7. Normalizedpowervs. normalizedwire lengthplot

on the principle of equalweight for the wire distribution at
the tile boundaries.The buffer power is estimatedbasedon
the fact that the averagebuffer power is not sensitiveto the
buffer location.Wealsostudiedthecorrelationbetweenpower
consumptionandtotalwire lengthat theinterconnectplanning
stageusingthispowermodel.

Experimentalresultsshowedthat our capacitancemodelis
accurateenoughevenfor acoarsetile structure.

APPENDIX

A. ESTIMATION OF SWITCHING FACTOR

It is well known that
� � � � 0 if the signalson net � and #

switch in the samedirection, and
� � � � 2 if they switch in

the oppositedirection. Whenoneof themis quiet,
� � � � 1.

Thenumberof theswitchingsin thesamedirectionis almost
equalto that of theswitchingsin theoppositedirectionwhen
the signalson net � and # aremutually independent.In this
case,

��� � �
�
� 1

2(0 � 2) � 1. The rigorous proof of this
observationcanbefoundin [9]. Sincemostof thesignalsare
consideredmutually independentin the real design,we can
assume

��� � ��� � 1 in (4).

B. ESTIMATION OF THE NUMBER OF BUFFERS

� � is estimatedusingIPEM [5] asfollows. Weassume

� � � � ? C ��B  C���� � ? ��B  � � 12 

where C �
B  is thewire lengthof theneton tier B , and C������ ? ��B  
is thecritical wire lengthfor buffer insertionontier B . C������ ? ��B  
is obtainedusinganAPI functionof IPEM. To estimateC ��B  ,
we can employ the samemethodas STEP 2 and STEP 3
in AppendixC by replacingboth ¯< 1 and¯< 2 with 1.

(a) (b) (d)(c)

x x1
x2

Fig. 8. (a) A wire goesthrougha tile. (b) A wire comesfrom theleft and
endsinsidea tile. (c) A wire startsinsidea tile andgoesto theright. (d) A
wire startsandendsinsidea tile.

C. ESTIMATION OF CAPACITANCE

In thefollowing, ��� denoteseither� �� or $ �%�
 � �  �
�
, andthe

word “capacitance”representseithergroundwire capacitance
or couplingwire capacitance.Theestimationof ��� is divided
into thefollowing threesteps.

STEP1: Estimationof unit-lengthcapacitance,

STEP2: Estimationof capacitanceinsidea tile,

STEP3: Estimationof � � .
STEP1: Estimation of Unit-Length CapacitanceTheunit-
lengthcapacitanceateachboundaryis calculatedby using(7).

STEP2: Estimation of Capacitanceinsidea Tile
Using interpolation,the unit-lengthcapacitanceinside the

tile is approximatedas

¯< ( � ) �
9
1 6 �' : ¯< 1 � �' ¯< 2 � � 13 

where � is the distancefrom the left boundary, and ¯< 1 (¯< 2)
is theunit-lengthloadcapacitanceat theleft (right) boundary
calculatedby (7).

Thecapacitanceof awiresegmentinsidethetile iscalculated
for eachcaseshownin Fig.8.

Case (a): � (0 � ' ) denotesthe capacitanceof the wire
segment. It is obtainedby integrating ¯< ( � ) along the wire
segmentasfollows:

� (0 � ' ) �
9  

0 > � ¯< ( � ) � '
2

(¯< 1 � ¯< 2)
;

� 14 

Case (b): � (0 � � ) denotesthe capacitanceof the wire
segment,where � is the location of the end point. By
integrating¯< ( � ) alongthewire segment,weobtain

� (0 � � ) �
9��

0 > � H ¯< 5 � H 7 ; � 15 

Sincewedonothavetheinformationaboutthelocationof the
endpoint,weassume� is uniformly distributedbetween0 and
X. In this case,the averagecapacitance,which is denotedby� (0 � 	 ), is

� (0� 	 ) � 1' 9  
0 > � � � 0 � �  
�

'
6

(2¯< 1 � ¯< 2)
;

� 16 



Case (c): Using the similar methodto obtain (16), the
averagecapacitancefor thewire segment,which is denotedby� ( 	 � ' ), is � ( 	 � ' ) �

'
6

(¯< 1 � 2¯< 2)
;

� 17 

Case(d): � ( � 1 � � 2) denotesthe capacitanceof the wire
segment,where � 1 and � 2 arethe locationsof theendpoints.
By integrating¯< ( � ) alongthewire segment,weobtain

� ( � 1 � � 2) �
9 �

2

�
1 > � H ¯<�5 � H 7 ; � 18 

Sincewe do not havethe information aboutthe location of
theendpoints,weassume� 1 and � 2 areuniformly distributed
between0 andX with thecondition � 1

�
� 2. In this case,the

averagecapacitance,which is denotedby � ( 	 � 	 ), is

� ( 	 � 	 ) � 2' 2

9  
0 > � 1

9  
�

1 > � 2 � � � 1 � � 2  

�
'
6

(¯< 1 � ¯< 2)
;

(19)

STEP3: Estimation of � ���� is the sum of the capacitancesfor the wire segments
containedin the tiles, which determinetheroughtopologyof
thenet. This means ��� � �

����� 	 � � ( � ) � � 20 

where

 � is the set of the tiles which representthe rough

topologyof thenet, and � � ( � ) is the sumof the capacitances
for thehorizontalandverticalwire segmentsin tile � .

To calculate� � ( � ), we applycase(a), (b), and(c) of STEP
2 accordingto theroughtopologyof thenet. For example,if
the left andright boundariesof tile � aresharedby the other
tiles in


 � , case(a) is applied. Also, if the left andbottom
boundariesof tile � aresharedby theothertiles in


 � , case(b)
andits verticalcorrespondenceareapplied.

Whenthenethaspinsinsidetile � , thewiresconnectingthe
pins to the net, must be also considered. Sincethesewires
arecompletelycontainedin tile � , case(d) of STEP 2 canbe
applied. We assumethe total capacitancefor thesewires is
the sum of the capacitanceobtainedby (19) and its vertical
correspondence.Thiscapacitanceis alsoincludedinto � � ( � ).
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