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Abstract

Asthe procesgecnolay advancesnto the deepsubmicon era, in-
terconnectplays a dominantrole in determiningcircuit performance
Buffer insertion/sizingand wire sizing are the mosteffectiveand pop-
ular techniquesto reduceinterconnectdelay and are traditionally ap-
plied to post-layoutoptimization. As the SIA technolagy roadmappre-
dicts, however, the numberof interconnectionsamongdifferent blocks
andthat of buffers insertedin a chip for performanceoptimizationwill
grow dramatically[17, 18]. It is obviouslyinfeasibleto insert/sizehun-
dredsof thousandshuffers or wires during the post-layoutstage when
mostroutingregionsare occupied.Thelefore, it is critical to incorporate
buffer-blodk and wire-sizeplanninginto floorplanningto ensue timing
closue and designcorvergence In this paper we first derive contin-
uous buffer insertion/sizingand wire sizing formulaefor performance
optimizationundera mote accuiate wire model,andthenapplythe for-
mulaeto interconnect-driverfloorplanningthat consides not only the
buffer-blodk planningaddressedn [7], but alsowire-sizeplanning Ex-
perimentalresultsshowthat our approac achievesan aveiage success
rateof 93%of netsmeetingiming constaintsandconsumean avelage
extra areaof only 0.8% over the givenfloorplan,compaed with the av-
erage successate of 73%and extra area of 1.20%resultedfromrecent
workin [7].

1 Introduction

As physicaldimensionsshrink into the deepsubmicronera, inter-
connectplaysa dominantrole in determiningcircuit performance.The
SIA'97 andSIA'99 roadmapgl7, 18] revealthatinterconnecmayslow
down the progressalong Moore's curve. Hence,mary techniquedor
interconnecbptimizationhave extensiely beeninvestigatedn theliter-

without consideringwire delayis no longeraccuraten the deepsubmi-
crontechnologybecausenostdelayis incurredin wires. In additionto
buffer insertion,wire sizing[3, 8] increasesvire widthsto improve the
driving capabilityfor largeloadsor decreasewire widthsto reducethe
capacitve loadingfor weakdrivers. Theleverageof wire sizingcanthus
reduceinterconnectlelay

Recently simultaneousbuffer insertion/sizingand wire sizing has
beenexploredto somedegreein the literature[4, 5]. Chu and Wong
in [4] provided a continuousclosedform to solve this problem. How-
ever, theirwire modeldoesnot considerfringing capacitanceThey later
in [5] incorporatedringing capacitanceto theirwire model,but manip-
ulatedonly in thediscretedomain.Unifying the considerationsf wires
for uniform buffer insertion,buffersandloadsfor nonuniformbuffer in-
sertion,andwire sizing,we derive continuousbuffer insertion/sizingand
wire sizing formulaefor performanceoptimizationundera more accu-
rate wire model. (Seethe summaryin Table 1 for the comparison.)

Fringing Continuous| Continuous
capacitance| buffer sizes | wire sizes
4 v v
5 v
Ourwork v v Vi

Table1: Comparisorwith therelatedpreviousworks.

Accordingto thediscussionin [4], theoptimalbuffer insertion/sizing
andwire sizingmay occurwhenwe insertbuffersinto awire atequidis-
tance,wherethe forms of buffer sizesand wire widths are geometric
progression. On the other hand, inspiredby [14], the optimal buffer

aturerecently e.qg.,buffer insertion/sizingwire sizing/spacing/shaping,insertion/sizingis achiered whenthe delay associatedvith eachstage

topologyconstructionandbetterinterconnecmaterialg6, 14]. Among
thesetechniqueshuffer insertion/sizingandwire sizingarethe mostef-
fective andpopularonesto reduceinterconnectlelay

Becausehe intrinsic delayof a singlewire is quadraticallypropor
tional to thewire length,insertingbuffersbreaksa wire into shortersey-
ments andthis operationcanmale thedelaygrov morelinearly. Buffer
insertioncanbe classifiedinto two cateories: uniform andnonuniform
buffer insertion.Uniform buffer insertiondistributesbuffers of the same
size (homogeneoubuffers)in wires; this techniquehasobtainedmuch
attentionin the literature,e.g.,[1, 10]. However, whenthe loadingca-
pacitances muchlargerthanthe buffer capacitanceyniform buffer in-
sertionmay not be effective sincethe buffer of thelaststagestill suffers
from a large propagatiordelaydueto its insuficient driving capability
It is, therefore,necessaryo usea chain of buffers of increasingsizes,
i.e., nonuniformbuffer insertion,to optimizedelayif theloadingcapac-
itanceis far greaterthanthe buffer capacitanceTraditionalnonuniform
buffer insertionignoresthe effects of wires and considersonly buffers
andloads.The optimumincreasingactor(stage ratio) hasbeenderived
for this simplified circumstancelf the diffusion capacitancef a buffer
is ignored,the optimum stageratio for delay minimizationis equalto
e [14]. Neverthelessthetraditionalnonuniformbuffer insertionscheme
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is the same. Hence,thin wires correspondo large buffers so that the
delay of eachstageis relatively balanced.In our modelfor buffer in-
sertion/sizingandwire sizing, buffers areinsertedat equidistanceand
buffer sizesareincreasingwhile wire sizesaredecreasing.

Most existing buffer inserting/sizingandwire sizing algorithmsare
intendedfor post-layoutinterconnecbptimization.As the SIA technol-
ogy roadmappredicts,hovever, the numberof interconnectionamong
differentblocksandthatof buffersinsertedn achipfor performancep-
timizationwill grow dramatically[17, 18]. It is obviously infeasibleto
insert/sizehundredof thousand$uffers or wiresduringthe post-layout
stagewhenmostroutingregionsareoccupied.Thereforejt is critical to
incorporatebuffer-block andwire-sizeplanninginto floorplanningto en-
suretiming closureanddesignconsergence.Cong,Kong,andPanin [7]
andSarkar SundararamarandKohin [15] presentegbioneeringworks
on buffer block planningfor interconnect-dxien floorplanning. Given
a floorplan, they clusteredbuffers into blocks and placedthesebuffer
blocksinto the deadspacesandchannelsn the floorplanto reducecir-
cuit delayby usingthe uniform buffer insertionscheme.

In this paper we develop an algorithmthatappliesour buffer inser
tion/sizing and wire sizing formulaefor interconnect-dsien floorplan-
ning. We considernot only the buffer block planningproblemformu-
latedin [7], but alsowire-sizeplanningto optimizecircuit performance.
Experimentalkresultsshav that our algorithmachieves an averagesuc-
cessrate of 93% of netsmeetingtiming constraintsand consumesan



averageextra areaof only 0.8%over thegivenfloorplan,comparedvith
the averagesuccessate of 73% andextra areaof 1.20%resultedfrom
recentwork in [7].

This paperis organizedasfollows. Section2 introducessomeno-
tations. Section3 derives nonuniformbuffer insertion/sizingformulae.
Section4 developssimultaneousuffer insertion/sizingandwire sizing
formulae. Section5 appliesthe formulaeto buffer-block planningfor
interconnect-drien floorplanning.Finally, Section6 shavs experimen-
tal results.

2 Preliminaries
We usethefollowing notationsn this paper

h: thewidth (size)of awire.

ro: thesheetesistancef awire.

co: theunit-sizedareacapacitancef awire.

¢ theunit-lengthfringing capacitancef awire.

¢(h): theunit-lengthcapacitancef awire of width 4; i.e.,c(h) =
coh + cf.

T theintrinsic delayof a buffer.

¢y theunit-sizedcapacitancef a buffer.

ry: theunit-sizedresistancef a buffer.

C: thecapacitancef theload.

Ry theresistancef thedriver.

3. the stage(size)ratio betweertwo consecutie buffers.

w: thestage(size)ratio betweertwo consecutie wire sggments.

Throughoutherestof this paperwe will applythe parametertisted
in Table2 to facilitate our technicaldiscussionsThis setof parameters
is basednthe0.18m technologyin the SIA97 roadmapandwasused
in [7].

Parameter| Description(unit) Value
h unit wire width (um) 0.18
) wire sheetresistancé(2) 0.068
co wire sheetareacapacitancéf F'//um?) 0.06
cr wire fringing capacitancef awire (fF'/um) 0.064

c(h) wire unit-lengthcapacitancash = 0.9um (fF/um) | 0.118
Tin intrinsic delayfor eachbuffer (ps) 36.4
Cr loadcapacitancéf F) 23.4
Ry driver resistancé() 180
cp input capacitancef aminimumsizebuffer (f F') 234
Ty outputresistancef aminimumsizebuffer (2) 180

Table2: Parametersf the0.18um technologyin SIA97.

Figurel shavs our circuit modelsfor buffersandwire sggments We
useaswitch-level RC circuit to modela buffer, with the consideratiorof
theintrinsic buffer delay;we adoptther-modelto modelawire sggment,
with the consideratiorof fringing capacitanceWe usethe EImoredelay
model[9] to computedelay
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Figurel: we modelabuffer asaswitch-level RC circuit andawire sggmentas
ar-modelRC circuit, andapply the EImoredelaymodelfor delaycomputation.

3 Nonuniform Buffer Insertion

Buffer insertionis currentlyconsideredsthe mosteffective andpop-
ularway to optimizeinterconnectlelay In this sectionwe considerthe
problemof optimizingtheinterconnectlelayby finding thebestnumber
of buffers to be insertedand the correspondingstageratio. By “stage
ratio; we meanthe sizeratio of the (¢ + 1)-th buffer to the:-th one.As
anexampleshavn in Figure2, we insert NV buffersinto awire of length
L at equidistance Therefore the wire is dividedinto N + 1 segments

(stages)andthelengthof eachsegment! = .
| : |
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Figure2: Themodelof nonuniformbuffer insertion.

TheNonuniformBuffer Insertionproblemis formulatedasfollows.
e Problem: TheNonuniformBuffer Insertion(NBI) Problem

Input: Wire lengthL, driver resistancer,, loadcapacitanc€'z,,
unit-sizedareacapacitancef a wire ¢, unit-lengthfringing ca-
pacitanceof a wire ¢y, sheetresistanceof a wire ro, input ca-
pacitanceof a unit-sizedbuffer ¢, andresistanceof a unit-sized
buffer rp.

Objective: Determinethe stageratio 3 for buffer sizesandthe
numberof buffers N suchthatthewire delayis minimized.

Thedelayof eachstaged;, 0 < 7 < N, is givenasfollows.

1 . 12 l
do = Rg(coh+cs)l+ BRycy + Erocolz—{— % @;
1 rocfl®  rp(coh + cy)l
di = T+ Brecy + 5T000l2 + 2;: 5 !
+opTIEE N
d - ryCL rocol? Tocfl2 ry(coh + Cf)l rolCrL,
T 2 2h BN B
Thereforethetotal delayof thewire D(V, §) is givenby
D(N,B) = Rg(coh+cs)l+ BRgcy + NTin + B(N — L)rpcy
rol 2 ’r'(JCfl2
+ (ﬂ_N+_) CrL+ = (N+1) (’I‘OCOl +T

Bteprol

> @

+ Z (—(coh+0f) )

We have the following theoremto shav the effect of buffer inser
tion/sizingon delay

Theorem 1 Thedelayof a wire is a corvex functionof the stage ratio 8
for buffer sizesandthenumberN of insertedbuffers.

Proof Sketch: DifferentiatingDy twice with respecto 8 and N, we
have
9 N N o
8°D(N,B) j : ) rp(egh + cp)l . B " 2rgley
0 = 1(1+1)T+ E 1(1_1)T
i=0 i=0
™ CL

N(N +1) (

).

pN+1



4 Simultaneous Buffer Insertion/Sizing and Wire
Sizing

In this sectionwe intendto minimizethewire delayby simultaneous
buffer insertion/sizingandwire sizing. The Simultaneousuffer Inser
tion/SizingandWire SizingProblemis formulatedasfollows. (Notethat
N is givenherewhile it is unknavn in theNBI problem.)Figure5 shavs
our modelfor simultaneousuffer insertion/sizingandwire sizing. Ac-
cordingto the discussiorin [4], the optimal buffer insertion/sizingand
wire sizing may occur when we insert buffers into a wire at equidis-
tance,wherethe forms of buffer sizesand wire widths are geometric
progression. On the other hand, inspired by [14], the optimal buffer
insertion/sizingis achieved whenthe delay associatedvith eachstage
is the same. Hence, thin wires correspondo large buffers so that the
delay of eachstageis relatively balanced.In our modelfor buffer in-
sertion/sizingand wire sizing, buffers are insertedat equidistanceand

Figure 3: Theeffectsof buffer insertionandsizing derived from Equation(1) buffer sizesareincreasingwhile wire sizesaredecreasing.
basedntheparametertistedin Table2 andawire of length0.5cm. Theoptimal e Problem: The SimultaneousBuffer Insertion/Sizingand Wire
numberof buffersis around4, andthe stageratio for buffersis around2. Sizing (SBW) Problem

Input: Wire lengthL, driver resistancer,, loadcapacitanc€'z,
unit-sizedareacapacitanc®f a wire co, unit-lengthfringing ca-

stage ratio of buffers 3 number of buffers

and pacitanceof awire ¢y, sheetesistancef awire o, input capaci-
82D(N, 8) 2Rg(coh +ep)l  moleg + SL)2 "CL 2rglCy, tanceof aunit-sizedbuffer ¢y, resistancef aunit-sizedbuffer ry,
N2 = ~+2 T N1 T AN 20ns? TR v 312 andthenumberof buffersinsertedv.
L WnB)ang Y + 1N — 26N (inp — 1) — 2ol Objective: Determinethe stageratio 8 for buffer sizesandthe
(8 — 1)(N +1)2 stageratio w for wire widths suchthat the wire delay is mini-
L s+ W + 18N + 28~ N(Inp + 1) — 2)ryeql _ mized.
(=1 - D+ 12 In Section3, we discussedhe stageratio 3 for buffers with a fixed
9%2D(N,8) 8%D(N.B) a%>D(N,B) 8 D(N,B) wire width. Here,bothwire widthsandbuffer sizescanbevariedfor the
It2 canbe shavn that 25T T aNT and( 557 aNT -~ SBWproblem.
%) are greaterthan 0; the wire delay is thus always “curving
upward”; in otherwords,the delayof awire is a corvex functionof the } L }
stageratio 8 andthe numberof insertedbuffers V. Ry | | | | I c
Sincethe delayfunctionis corvex, it is guaranteedhat a local op- D-D- o L
timal solution equalsthe global optimum. Hence,we can apply ary 1 ey ; iy S
efficient searchalgorithm, suchasthe well-known gradientsearchpro- rol/h ﬁ g hz} . ﬁ
cedure,to find a local optimal solution and thus the global optimum. . e | e | Mt 1
Figure3 shaws the effects of the stageratio for buffers andthe number o ‘ o )“" o )“" e ‘
I T | I |
d, d; dy
Delay (zec)
3 130'
* Figure5: Themodelof nonuniformbuffer insertionandwire sizing.
2.75x130
10 Inserting NV buffersinto a wire of length L at equidistanceandcon-
23x10 sideringthe simultaneousguffer insertion/sizingandwire sizing,we can
a1 computethedelayfrom sourceR,; to sink C, asfollows (seeFigureb):
2x10° Dn(w,B8) = Ra(coh +cg)l + BRucy + NTip + B(N — )rpey
1of rolCp Ty 1 2 "'chl2
1.75x10 —C —(N+1 l —_—
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Figure4: Thedelayfunctionsfor variousX = Cy /c, basecntheparameters We have thefollowing theorem.

shavn in Table2 (numberof buffers: 3; wire length:0.6cm). Theorem 2 Thedelayofawirewith IV buffersinserteds a corvex func-
tion of the stage ratio 8 for buffer sizesand the stege ratio w for wire

of buffersonthedelayof awire derivedfrom Equation(1). In Figure4, widths.

the delayof awire is plottedasa function of the stageratio for buffers pyoof Sketch: DifferentiatingEquation(2) twice, we have
basedon the parametershawvn in Table2, threebuffersinserted,anda '

wire of length0.6 cm. Previouswork shawvs thatthe optimumstagera- 2, (.. 5 N » s

tio for delay minimizationis equalto e whenthe diffusion capacitance —_z — = Z (A "rp) (i = Deguw™ Thl +efD)

of a buffer andthe delay of a wire areignored[14]. However, diffu- i=1

sioncapacitancandwire delayareof particularimportancen thedeep N

submicrontechnology Figures4 shaws thatthe greaterthe loadingca- + Z i+ 1)(31@—1'—2)% NN 4 DN F2 (%) ,

pacitancethegreaterthe optimumstageratio for buffers.

i=1
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It is not difficult to shaw that Ao, 5\22 ,

(BQD(;“’U(;”’B) BQD&%‘”B) - 322552,@) aregreaterthan0. Thusthewire
delayfunction Dy is always“curving upward”; in otherwords,thefunc-
tion is cornvex.

Figure6 shavs anexamplefor Equation(2) basedcbnthe parameters
listedin TableZ2; it is obviousthatthecurwe is corvex. Let

and

N+1_aN+1 .
225 () HwrLs
N .
wH—l
¥ = — = wN+1—BN+1 . _ (3)
; Bi BN ifw=1
N fw=p=1,
N+1_, N+1 .
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We have
N+1 2
Dy(w,8) = Rgcol+ Rgcp + NTin + B(N — L)ryep + %
C c l
+ ;I;V_Ll T(LNL + (yrpcohl + Orycsl) + 5r0hcb.

Whenw equalsl, Equation(2) reducego Equation(1) derivedin Sec-
tion 3, which consideronly auniformwire size. When andw areboth
equalto 1 andthefringing capacitancef wiresareignored, Equation(2)
reducedo the optimal uniform buffer insertionequationderivedin [1].

We can solve the SBW problemby using corvex programmingto
obtainthe optimal ratiosfor 8 andw. Figure6 shaws the relationship
amongthedelayDy (w, 8), stageratio for buffers 3, andstageratio for
wire widthsw. Thefigurerevealsthatthe optimalwire width is tapering
while the optimal buffer sizeis increasing.This phenomanomoincides
with the statementsnentionedn previouswork.

5 Application to Interconnect-Driven Floorplan-
ning

In this sectionwe developanalgorithmthatappliesour buffer inser
tion/sizing and wire sizing formulaefor interconnect-drien floorplan-
ning. We considemotonly thebuffer block planningproblemformulated
in [7], but alsowire sizeplanningto optimizecircuit performance.
5.1 Feasible Region for Buffer Insertion

We shall first discussthe feasibleregion for insertingbuffers. Ac-
cordingto [7, 15], the feasibleregion (FR) of a buffer is the maximum
region whereit canbe placedwhile the netsatisfiedts timing constraint
Treq, andotherbuffers alongthe net are placedwithin their respectie
feasibleregions. Thefeasibleregionsof buffersareindependenof each
other Thework in [7, 15] considerednly buffer insertion. Therefore,
we shall derive feasibleregionsfor the SBW problemwith nonuniform
buffersandwire sizes(i.e., consider3 andw). Recallthat,in Section4,

Delay (ps)

0.8
stage ratio of wire widths

1.5
stage ratio of buffers

09l

Figure6: Theeffectsof buffer sizingandwire width ondelay(N =3, L = 0.5
cm).

the optimalw and B canbe obtainedby ary efficient searchalgorithm,
suchasthewell-known gradientsearchprocedure.

Let z; denotethedistancefrom thedriver to the-th buffer. We have
thefollowing theoremto computethefeasibleregion for eachbuffer.

Theorem 3 For a wire of length L and with N buffers inserted,
the feasible region for the i-th buffer (1 < ¢ < N)isz; €
[Zmin (N, 1), Tmaz (N, )] With

—K2 — /K2 —4K1K
0 2 2 ! 3>,and

min N, i) = )
Tmin(N, 1) max( P

—K2 + /K2 — dK1K3

max N, 1) = i L,
Zmae (N, 1) = min ( s

whee k1, k2 and ks are functionsof N and: with

(N +1)ro(co + L)

Kk1(N,1)

2
N-1 . N-1 .
) B* ) Tocp wit!
k2(N,i) = ( il 27 r5(coh + ¢f)
=0 i=0
T0CL
—+ Rd(COh+Cf)+ o
C
Kjg(N,i) = NT;p —Treq + Rgcp + ,B(N — l)rbcb + oL

ﬂN—l'

Note that we must have k2 — 4k16s > 0; otherwise,there ex-
ists no feasibleregion for insertingthe i-th buffer, andthe given floor-
plan/timingconstraintmustbe changed.Figure7 shavs a 2-D feasible
region with existing blocksactingasobstacledor buffer insertion.

feasible
region obstacle
sourceg- — — — fxgﬁ e
&7
. 7£ -~
inserted buffer sink

Figure7: A 2-D feasibleregion (shadedtegion) with an existing block acting
asanobstaclefor buffer insertion.



5.2 Algorithm

In this subsectionwe presentan algorithmto demonstratdow to
apply our formulaeto interconnect-drienfloorplanning.

In Figure8, delayis plottedasa function of the numberof inserted
buffers. As shawvn in the figure, simultaneousuffer insertionandsiz-
ing (curve B) is clearly muchmoreeffective thanbuffer insertionalone
(curve A) usedin [7, 15] for timing optimization. Unlike the recent
works [7, 15] that consideredonly uniform buffer insertion, our algo-
rithm MBBP first triesto find available deadspacesn the feasiblere-
gionsto insertandsizebuffersto reducethe delayfor a netviolating its
timing constraint. If it cannotmeetthe timing constraint, MBBP will
thentry to sizethenetto improve the performanceAt lastit will resort
to the simultaneoudbuffer insertion/sizingandwire sizing techniqueto
furtherreducethe delayif noneof the previoustechniqguesanmale the
delaywithin thetiming bound.

Delay (ps)
460 [
440
420 i
400 [
380 [
360 [
340 [

320 [

4 5
number of buffers

Figure 8: Delay comparisorbetweenuniform buffer insertion[1] (Curve A)
andnonuniformone (Cunve B). [7] and[15] appliedthe uniform buffer insertion
formulatedin [1]. Curwe B is basedon Equation(1) andg = 2. Thewire length
is equalto 0.6 cm, andotherparametersregivenin Table2 for bothcunes.

Algorithm: Multi-phaseBuffer Block Planning(MBBP)
Input: A floorplanF" anda setof 2-pin nets.

Output: Bp—Ilocationsof buffer blocks.

1 Build thehorizontalandvertical polargraphsfor F;

2 Build tile datastructure;

3 Foreachtile, computeits areaslack;

4 while (thereexistsa netviolating its timing constraintdo
5 if (buffer insertion/sizingcanmeetthetiming constraint
6 andthereexiststilesin its FR)

7 tile(n) <« Pick Tiles();

8 NonuniformBuffer_Insertion¢ile(n));

9 Updatethepolargraphs;

10 eseif (wire sizingcanmeetthetiming constraintand
11 thereexistsnotile in its feasibleregion)

12 Wire_Sizing();

13 elseif (delaystill violatesthetiming constraint)

14 tile(n) + Pick Tiles();

15 SimultaneousBuffer-IS_Wire-S¢ile(n));

16 Updatethepolargraphs;

17 until (honetcanbeimproved)

Figure9: TheMulti-phaseBuffer Block Planning(MBBP) algorithm.

Figure9 summarizeour MBBP algorithm. Thefirst threelines are
the datapreparatiorstageswhich arethe sameasthosein [7]. We first
build the horizontalandvertical polar graphs[16], denotedby G and
Gv, for thegivenfloorplan F. Gg andGy aredirectedagyclic graphs.

For Gu (Gv), eachvertical (horizontal)channels representety aver-
tex. A directededge(u, v) denoteghatw is theleft (top) sideof ablock,
andw is theright (bottom)sideof the sameblock. Eachedgeis associ-
atedwith apositive weightdenotingthewidth (height)of theblock. The
longestpathin Gu (Gv) is equalto the minimum requiredchip width
(height). Therefore,Gx and Gy canbe usedto determinethe areaof
thesmallesenvelopingrectangleof . DuringprocessingMBBP might
needto shift blocksto make roomsfor buffer blocks,andthuslengthen
horizontalor vertical channels.Eachchannelandthe deadspaceafter
floorplanningaredivided into a setof rectangulatiles [7, 15] to facili-
tatedatamanipulation.For eacttile, its areaslackcanbecomputedrom
thelongestpathpathin Gu or Gv..

For eachnet, MBBP will try oneof the following threeprocedures
(in the order)until the netsatisfiests timing constraintjf possible.

e Procedurel: Buffer Insertion and Sizing (Line 8: Nonuni-
form_Buffer_Insertion())
If buffer insertionandsizing cansatisfythetiming constrainiand
there exist enoughtiles within deadspacefor buffer insertion,
MBBP will insertall requiredbuffersinto the FRsin thesetiles.
Notethatthetotal areawill notincreaseor this operation.

e Procedure: Wire Sizing(Line 12: Wire_Sizing())
If thereareno tiles within its FR, MBBP will try to sizethewire
to meetthetiming constraint.

e Procedure3: SimultaneousBuffer Insertion/SizingandWire Siz-
ing (Line 15: SimultaneousBuffer-IS_Wire-S())
If it still cannotmeetthe timing constraintafter applying the
aforementioneghroceduresMBBP will useEquation(2) to size
buffers and wires simultaneouslyto reducethe delay If there
existsnotile with deadspacefor buffer insertion,MBBP will ex-
pandthe channelwhereits FR locatesby one-tilewidth to make
roomsfor the insertedbuffers. This operationcertainly will in-
creasdahechiparea.

After insertingbuffersinto tiles, MBBP hasto updatethe polar graphs
for further processing. If channelexpansionoccurs,MBBP will also
updatethe timing information of the netsthat have successfullybeen
processedbefore.|f the netcannotsatisfyits timing requirementdueto
channelkxpansionMBBP will procesgshenetagain.MBBP haltswhen
no morenetscanbeimproved by the above threeprocedures.

6 Experimental Results

TheMBBP algorithmwasimplementedn theC++languag®naSun
UltraSFARC | workstationand testedon the benchmarkcircuits used
in [7] (seeTable3 for the circuits). We comparedour MBBP method
with the buffer block planningalgorithmsBBP presentedn [7] based
on the dataand parametergieneratedn [7]. For example,the parame-
tersfor interconnectsindbufferswerebasedn the 0.18um technology
givenin the SIA97 roadmap17] (seeTable 2 for the parameters)the
netswereall 2-pinconnectionandthepower/groundandsingle-pinnets
wereexcluded,andthe delay budgetswererandomlygeneratedy the
authorsin [7] from 1.05-1.201,:. The experimentsof [15] arebased
on differ?ntparameters\nd delaybounds sowe comparedesultswith
only [7].

Table 4 gives the resultsobtainedfrom the BBP and MBBP algo-
rithms. Column2 in Table4 lists thenumberof nets(2-pin connections)
thatmeetthe timing constrain(# netsmeet),the numberof netsthatdo
not meetthe timing constraint{Not meet),andthe total numberof nets
(Tot. # nets);Column3 shaws the percentag®f the netsthat meetthe
timing constraint(% Meet); Column4 lists the total numberof buffers
insertedinto the 2-pin nets(# buffers); Column5 reportsthe increased
areain percentagafter the planning (Extra area(%)), which is com-
putedby (new chiparea— original chiparea)/originathiparea;Column
6 givesthe CPUtimes(in second)for the BBP, and MBBP algorithms
basedon an Intel Pentium-1l,anda SUN UltraSFARC | machinesre-
spectvely. Notethatwe usedthesamedelaybudgetsasthoseusedin [7]

Lwe wereprovidedwith 10 out of the 11 benchmarlcircuitsusedin [7].



Circuit | #modules | #nets | #pads | #2-pinnets
apte 9 97 73 172
Xerox 10 203 2 455
hp 11 83 45 226
ami33 33 123 43 363
ami49 49 408 22 545
playout 62 2506 192 2150
ac3 27 212 75 446
Xch 50 | 1005 2 2275
hc7 7 449 51 1450
ad9c3 147 | 1202 22 1613

Table3: Statisticsof the MCNC benchmaricircuits.

while thoseusedwererandomlygeneratedby theauthorgfrom thesame
interval asthatin [7], i.e., [1.06Top¢, 1.20T5pt]).

#netsmeet Extra | CPU*
Circuit / Notmeet | % Meet | #buffers area time
algorithm / Tot. # nets (%) (sec)
apte
BBP 102/70/172 59.3 185 0.69 0.23
MBBP 148/ 24/172 86.0 24 0.80 2.15
Xer ox
BBP 260/195/455 57.1 399 1.38 0.53
MBBP 388/67/455 85.3 192 0.12 4.15
hp
BBP 131/95/226 58.0 280 1.24 0.48
MBBP 198/28/226 87.6 49 1.39 1.56
ami33
BBP 305/58/363 84.0 667 1.36 1.63
MBBP 360/3/363 99.2 49 4.18 3.38
ami49
BBP 412/133/545 75.6 946 0.78 3.25
MBBP 542/3/545 99.4 202 0.11 7.00
playout
BBP 1533/617/2150 71.3 4263 | 0.84 | 13.98
MBBP 2052/98/2150 95.4 242 0.13 | 54.38
ac3
BBP 369/77/446 82.7 733 1.11 1.39
MBBP 415/31/446 93.0 131 0.04 3.38
xc5
BBP 1739/536/2275 76.4 3210 1.79 10.16
MBBP 2216/59/2275 97.4 59 0.00 19.93
hc7
BBP 1068/382/1450 73.7 2693 1.92 15.88
MBBP 1385/65/1450 95.5 184 1.22 9.98
ad9c3
BBP 1446/167/1613 89.6 4265 | 0.89 | 29.20
MBBP 1507/106/1613 94.0 277 0.00 25.67
Average
BBP 72.77 1.20
MBBP 93.28 0.80

Table4: Comparisomwith BBP. (* CPUtimesarebasedn differentmachines.)

We summarizgheresultsshavn in Table4 asfollows.

e Percentag®f netsmeetingtiming constraints: The MBBP al-
gorithm achieves an averagesuccesgate of 93% of netsmeet-
ing timing constraintscomparedvith the averagesuccessateof
73%resultedfrom BBP[7].

e Extraareaandnumberof buffers: MBBP consumesn average
extra areaof only 0.8% over the original floorplan, compared
with extra areaof 1.2%resultedfrom BBP [7]. A smallernum-
ber of buffers is usedby nonuniform buffers than that by uni-
form buffers. (Of coursethe sizesof the uniform buffersandthe
nonuniformonesare not the same.) Typically, only 1-4 buffers
wereinsertedn anetto meetthetiming constraints.

e CPUtime: Althoughthe CPUtimesreportedn Table4 arebased

ondifferentmachinesyve still have theobserationthatthe aver
ageruntimeof MBBP is greatethanBBP.

Theresultsrevealthatthe buffer/wire sizingformulaearemuchmore
effective thanpreviouswork in improving timing performanceéy insert-
ing evensmallernumbersof buffers.

7 Conclusion

We have presentedn this paperthe formulaefor performanceopti-
mizationby sizing circuit componentgbuffers andwires) with fringing
capacitanceonsideratiorand appliedthe formulaeto buffer-block and
wire-sizeplanningfor interconnect-drien floorplanning. Experimental
resultshave revealedthe effectivenesf our approaches.
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