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Abstract: To ohtajn a petterp acement resu Jt apartition & hased
Placanent ajgoritm wih w relengh Prediction cald HFPI ©
presented A new mehod is Proposed to estinate Proxin iy of
iterconnects n a net1i§t which i capahfe of Pred ctin€ not ony
short ntercomects hut png nterconnects accuragely The
predicted wirelength is enbedded nto the Partitionng too] of
b isection hased g phal p acem ent which can 8ue our placem ent
towards a sojuton wih shorter nterconnects In additbn he
tinng opjective can he handled within the algoritim by
minin Zing the critca] path delay ExPerinent] results show
that canpared © Capq(Q 5 mPlg and NTUPRhce HJIPI
outperformss these placers in ems of w jreleng, and run tine

The mprovements m tems Of averag8e wirefength over
CaPqq, 5 mHg andNRUPlace arej 304 304, andgyg W ith only
194, 91%, and 994 of their muntme respectively BY
mte€rating te Predicted wireleng8t.driven clustrmg€ no
CaPq(.5 the Plcer is able 10 reduce average wjrelen8h by
3%. The tinmg driven H JP| can reduce he critca] path deky
b¥23);.
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w ireleng f, Pred iction

canent {s an mportant step m hHe overa]] 1 design
B”OCB'@S in deep supmijcron technologes A ot of alga
ritink'?  have peen proposed n the Past3( years ncudmg
partiton ng hased me1hodsi‘§’ﬂ7 ana b’ticalmethod&él’ ferative
method’s et Partitoning hased Placenent agoritins deter
mine ce]] locations By recursively dividing€ an nita] region
with successive pisectiong# or quadrisecton®! Advances
mn partition ng research have provided a nunper of fast ajgo
ritims whch Produce extremely good results
The Placement Proplan can he driven by different ohjec
tivqs such as tin 'ng routabiliry thema] distributiop or a
canhnation of than The chssica] Placanent ohjective func
tion is e oalwie 1ength which correlates we]| with global
routng resource demang nterconnection prediction s very
important pr ear]y feasihility studies n design flov During
the past wo decades diffrentwirelength Predcton approa
ches have heen proposed hecause of the need for early nter
connect optin zation n he design flow 0 achieve tin hg cla
sure Rent’s & has heen a phasjic t00] t0 estinate the wire
length’ 8 Tn Refs [9-11], wirelengths are estinated hased
on cjreujt characteristics Most of the estinatpn technjques
pProvide estinates of just the average wire engh W e develop
an individual wire ength Pred c tion hased on circuit character
1stics © estinat thewireen8t of a Jayout desi€n n advance
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before placement In f—lgt the f{na] wirelerngts depend on
Placement ajgorittims W irelength Predictpns that are accura e
for one placement ajgorittim may he jnaccurate {or another n
our Phcanent togl the Pred icted wirelength as amain optinal
ohjective is anbedded into placement fow Experinent] re
sults how hat thewire eng8 s of {fina] Prcament can trend ©
predicted wirlengths

In this baper we propose a nove | partitpnng hased Phce
ment aRoritin {or standard cells The major contriputions of
this Paper can he summarized as {o]pws

1) We find that he basgc circuit characteristics( ¢ g net
degree and net area) and node Jeve] can be used © Predict
wirelengths in the fina] layout These Prelayoutmeasures dan
onstrate  £0od corne]at'pns' wih PosthYout jnterconnect
lengths We Propose to couple he wirelength Pred i tions with
our placement fows

2 ) In conventjona] partitoning hased placarnent’s partitio
nmng tools are typically donewith the mi_cut objectiw; Th or
der to reduce he fengths of ntra cluster merconnects we L
troduce a new opjective finction that ncomporates a f)redicted
wirelength canponent {or Partitoning t00]s ExPerinents show
thatwe can optajn a heterwirelength resultwith little pss m
tine
1 Overa]] of Placanent Too]

F& 1 shows thatour placanent franework consjsts of pur
stages We Predict ndividua] wirelengths for a]] netshased on
cicuijt characteristics in stageq In stgey we partition both
the chiP re8 pn and the cicujt netlsts recursive y hy horzon
ta] and vertica] cut [pes In the Partitioning phag wire
len8th-driven clustering is performed to reduce the wire
lengths of ntra_cluster nerconnects A fter clus‘@r'ng for het
termicut wire en€t-driven refinament s executed without
loss of wirelength qualiy The subcircuits after partitioning

Individual wirelength

prediction

|

Recursive bisection-based
global placement

Wirelength-driven partitioning

Wirelength-driven

Wirelength-driven clustering clustering
Wirelength-driven refinement
Bin-based swapping M~
Wirelength-driven
* refinement

Detail placement
Legalization
Local swapping

Franework of our Placan ent 100]
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are assgned 10 recangulr pins A birbased sinupted an
nea|ng i perpmed t0 inprove hpe current Placanent The {i
nal step smmply spreads overlapped cells and makes .pca] in
provenents 10 oha i the detailed Placanent

2 W irelength Prediction

In this sectiop we exPpin our wirelen8th Prediction tech
nique n detaj] A circujt net]ist can pe modeled by a hyper.
graph H(Y E) wih a node cel) set\&jf(\ﬂ =12 - 9H
and a hyperedge ( net) qetHT\eJ .#L 2 -, M Each net
¢ 1S a supsetofVwih cardinalify'| eJ|> 2 An edge GRS
€ 1S an ouPut of source node s and an mput of spnk node t
which isa supset of he hyPered€e The degree of the node Y
denoted by d( V) 1$ the nunper of nets jncident 1 it The de
gree of nete denoted by d( €) 8 the nuimper of nodes ncy
dent 0 it Each node s associated wih an area Cost
area (), Netarea is he v@a] area of nodes he pnging 1o that

l’le’t name]y alea( (?) B 2 area(\if).
€ ¢

Individua]l wirelength is dependenton three factors in this
Paper 1) The net degree and the net area which are te pa
ses of thewirelength; 2 ) The shaPe distrbution of a node lev
e}3) The range ofa node leve] W ire er€t Prediction is Per
fomed n three Phases n which we cajculate three different
weights for a]] the nets according to the apove three fctors
The fina] Predicted wirelength is obtained by canbining these
weights

2.1 DBasgcwirelengh

()bviousl}’ the netwit a Jai€er net Je8ree and net area
tends to have a Jarger fan out range It is ntujted that laer
fan_ out nets usually correspond © longer net len8hs W e use
net degree and net area of net as its pasic wire plgﬁ The ar
ea facorofnete § canputd by

arey V)
A9 =2 5

vE e

P

The basic wirelength of net e is he canhijnaton of he area
facorand te nunher of nodes belongng t© the net and is
given as

A . d(o
AL

where A is he Jargest node area anongst aJ] nodes ¢ is
the higestnet degree over a]] nets

[ (9=1- @

7.2 Shape distrbution of node fevel

Define feve[( vy the fve] of node v as he maxinun
topolog cal dePth over a]| directed Pahs be8mning at a PJ
(Primay inputy and teminating at node v nun Jevel vy is
the numher of nodes at fevel v), Fi€ 2 shows the shape of the
rd3 circuit in he MONC (M croelec ronies Center of North
Carolnay penchmark I F#£ 2 the nunher of nodes at feve|
1 ismaxina] and he Placanent t00] needsmore sjtes {or the
nodes at leve]y So he wirelength of netswih nodes at fevel
1 may dilate during the Placement Phase The nets connecting
the nodeswith lai€ernum  fvelswi]] have hi€er fin out ran
ges jn the fina] Jayout The factor DNL( €) used tomeasure

the dilat@ability due © the shaPe distrbuton of node levels pr
net e can he cajculated as

num levej V)

dco

DNL(¢ = >

e e

3>

Level 0
Level 1
Level 2
Level 3

Level 4

Level 5

Level 6 l
Fig 2 Shae distributon of rdy3
For exanpPk referrng t© Fig 3 num 1eve1()§ ) =
num Jevef uy—= ] nhum leve]( X )= num fevel( X )=
nun 1eve](>3< )= num Jeve]( X )= 4§ num level( X )=
nun 1eve]()7( =2

Level O %o

Level 1 u

Level 2 O
% %

2 %3 %4 *s

Level 3

X6 X7
Fig 3 AnexanpPle of node leve]

Then we can obtain DNL (U X)=1 DNL(u
3.6%7 DNL(# ¥)=..= DNL(} ¥)=3 DNIL(
1.5 DNL(Y X)=3 5

SnceDNI(u X X) is Jarger than others it indicates that
net(u X )2<) has a stonger dilatahility han ohers

P
ux)

2 3 Range of node leve]

Ifnode levels are w ithin a [in ited range thew irelength of
the outpbutnet will [kely © be kss than that of a netwith
w idely distributed node levels To capure he ranges of the
node levels ofnet’e we define the factorRNL( e as

leve]( vy— 1eve]( Vj)

dce

RNI(® = >,

Ve €
#

@)

If the nodes connecting the net have fe same node 1eve,1
the RNL factor of he net s, In Fi8 3 from our defini
tions RNL( it X)=1 RNL(uy X)=2 That is by themet
ri¢ net(u )g) has a Jonger w jre ength than net (u X )
Note hat smetines the RNL. and DNL. are approxin ately

orthogona] W hen the RNLL factor of a netisg the DNL
factorof the netmay pe very phige

The Predicted result of the apex circujt js shown n
FB4 In hes ﬁgure; on he x axjs are net id and on the Y-
axjs are net engths The solid line represents Predicted w ire



464

Hao Jie MaHong and Peng Silong

1eng1hs and the points represent he actua] w e engths ( n
in he fna] phcanent uspng our HI P| The
shape distripution of node 1evq1 DNIL. and the rang€e of node

percentageS)

leve] RNI. in estination of circuits are Presented n Figs 4
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2.4 Indvidua]w jrelength

The wireleng€f of net e L. 1S 1ts pasic wire ength
L. (© adjusted bY DNL( ) and RNL( ©:

I, (9= ax 1. (&)X DNL( &4 bx I, (©)x RNL(®)
;)

L.(®

L (9= ©

where a b are parameters hat contro] the trade-off heween
DNL and RNL; |, ® he lai€est Lre (©) amongst a]] nets
Most proposed w jrelength Predctions have Poor results
for Jong ntercomects FBs4 (d) and (€ are the Predicted
resu|ts uspng connectjvity and edge separabilityl“lll’ which
are not sensjtive {for png connectpns Fig 4 (&) shows that
our approach has 800d Predictions {for png interconnec s

3 Recumsive Bisection Based Globa] Placement

Recursive pisection hased Placement ajgoritims seek to
decampose a given Placam ent jstance mto smaller

Prediction results of apexy (a 1, vs acualw irelengty (b) DNL Vs actua]w jrelengy ( ¢)RNL Vs actua] wirelengthy (d) Con
nectivity vs acualw jrelengty ( ¢) Edge sepambility vs acua]w jre [eng th

stances by suhdividing the Placam ent reg pg assignng cells
10 subreg'pn; reformujating constrants and cutthg the
net]st( see Fig 1), The ©oP-dowvn placement process can he
viewed as a sequence of passes where each pass exam jnes
a]l blocks ang if required divides than into wo smajfer
blocks using m f_cut parttpning Such netlist decamposi
ton s ¥pically done w ith the m pcut ohjective A nove]
clusering refnam ent multleve] Partitoning algoritin by
incorporating am inwire ength ohjective is proposed n his
paper The gpbal Placen ent algorifm is as olpws

GLOBAL PLACEMENT(H(Y E) Layout),,Q: the
queue of Placament hns
While bin size is big enough
doQ> abim
Choose a (horizon@a] or verticaly cut]ine {or the
bin,
Partitioning atempts 0 $]it each bin oughly n
half
Buil partitioning hypegraph from netlist and ce[[s
contained m he bin;
Partiton he bin into snallerbins usng W1 PAR-
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TITDNNG(H,(V, E)):;
//H(V, E) is a sup hype8raph of H(Y E)
Q- cach child biy
for a]] fnestbins/, bir basedo swapp ng
do swvap wo hns
ifHPW . increases
then undo svapping

WL PARTITDNNGH(Y E))
for & E// clusterng phase
do if the area of partitioa\< area thgg, the numper of
all cel]s\: nm
s, area th is the area thresholl; nun 4 is hem nin ajl
specified num per of ce|ls after clusterng
then Cluster the ce]ls of net e n a nonincreasing net
weightorder;
Initia] random b isecton;
for & partition hounder ; re fnement phase
do Compute § =) I, +(1—2)§;
Choose ce]lmove accord ng 0 FM-schane;

31 W ireleng th driven c ustering

The nets are pital]ly sorted m a nonjpcreasng netwe ght
orderwhich s computed as te pPredicted Wirelength Im
The nets of the sane weijht are sorted m a nondecreasing
net area order Thep the nets are visited in that order and
for each net tat connects cells that have not Yet heen
glouped the ce]ls are grouped ovgether Thu’s this schane
gives preference 10 the nets that have large weight Aferal]
of the nets have heen ViSitE‘d the 8roups of cells that have
beenm atched are contracted tog8ether © fom he next Jeve]
coarser netlist The ce]fs that are not parts of any contracted
nets are smply coped 10 the next Jeve] coarser net]ist

3.2 Tiningdriven clustering

In additon tm hg objectives can be handled wihin our
aRoritim by minin jzing te critica] Path delay The critica]
path delay can he detem ned hY computng the arrival
ting jeratvely making use of the follow ng equatpon

€ Pl
ohew e (7)

0
ARR( t’{ mayARR( 9+ d(5 A
(S e E

where d(§ H is the de kY of ed8e ( s The critica] path
delay 1s

T=maxARR( 9 @®)
€ ro

Sin jhrly we can ajso canpute he required arriva] time
for each node using the {o]pw ing equaton:

& RO

ohemw ;se

T
REQC ?’{ MIBARRC H— d(s o
CD)

We can now canpute he slack value for each edg’e
which m easures how much additional delay can he added to
an edge without ncreasng the critjcal Path delay of the
whole circujt The slack of a gven edge(,s H can be com
puted as

slack(s 9)=REQ(d>— ARR(®»— d(8 b  (10)

where d(s H= 1($ H(c(s Hh+ (L)) (s H=
(EW(S O+ ks s =1 ks H/W(s § ks H=
Lm(e)/d(e)_ w(st ¢ ¢ and r arewirewidb area ca
bacjtance {ringng capac jance and resistance for unitw idth
wire respectivel; T, is the subtree rooted atv; c(T) is
the capaciance of a dc connected suptree fn T, moted at
T, ’s oot Finally accordng 0 Eq (10) wecan ohtain the
netwe ghtw ith tin ng ohjective

slack( R

weigh( = 1— > an

(ste e max

where s s the lar€est slack sum overa]] nets For optin i
zing tin ng objective’s as the netweight weight ) instad
of [, isembedded into the clstering phase The net with
gnal]] slack will be protected bY he tining driven cluste
ring which can effective Yy m ;nin e critica] Path delay dur
ing placan ent

3 3 W ireleng8t driven refinement

In the refinament phas’e the M algorithd 2l is used tO
reduce the cutsize W e change the ori€nal gain of V[ by
introducing a predced wirelength objective to requce the
degeneratpn of the fina] wirelengty The w jreleng{, aware
gam of BV swapping s given as

&=AL.+0—2)§

where) S a parameter that contro]s the trade_off heween
w irelength and he orginal gain of IV which is less than
and Rhiger thang,

3. 4 Binbased svapping

a2

A fter clustering form nin Z ng the w irefengths of ntra
partiton interconnect’s binbased sinulated annealing is
conducted © find a 8ood pcatpn for each partiton © he
Placed f thus m ninizng the o] wirlength heween
bins There are three types ofmoves in biv based sin ulated
annea |ing horijzonta | w itch vertical sw itch and diagonal
switch Thesemoves switch WO adjacent hins

4 Deti] Placanent

In he detailed Placement step overlaPs heween cells
have to be resolved t0 obtain a lega] Placan ent W hen Pla
cing cells to ranove overlap’s we have to consjder wo con
flicthg factors the tota] wirelength and the legality of re
sujt W e use a greed heurjstic 10 obtain a |ega] Placan ent
whik the loca] swapping tries to reduce the wirelen€t of
the Placem ent

After globa] Pheanent we dvide each ow in the Phce
ment regon nto Plceahle segm ents hased on the overlap of
the bbckagesw ity the row W e now use a greedy heur st
t0 bring every ow fn he Phcanent regon t0o wihm its ca
pacity by movig the standard cells Once the ows have
been hrought under capac ity we move the cells anong the
Placeahle segments 10 satisfy their rePective capacities The
cells are then assgned to |eBa] Posjtions w ithin each seg
ment

A fter a]] overppsare removed greedy |oca] mprovan ent



466

Hao Jie MaHong and Peng Silong

is Perfomed W e tty 10 switch ad jacent standard ce|ls 1o see
if ota] wireength can he inproved This step w {]] cure the
wirelength [oss caused bY the blind cel]l sPreadng step of
lega]jzation For each oW al] the bins from Jeft to r8ht are
traversed and an atempt ;smade © Place in the b onto
the site array If here are hlocked site’s we gnore it and 80
© the right sde of he chunk of bbcked sites

5 ExpPerinent

Qur placem ent ajgorifin is mPlemented n C Progran
m pg Janguage and compiled wih &ccg4 (g on a [ hux PC
w ith an Inte] Pentium [y 1. 5 GHzCPU and7¢g MBmana
¥ These ajgoritins are tested uspg a set of henchm arks
published 1 SPIpo02 SHR2005 BCAS9 and PEKQ In
the first exper'men,t we compare H]P] with three wellL
known academ ¢ Placement too]’s namely (Capoj(. 5[31’
mPlg4 and NTUPlacé®™ Moreover the w irelength driven
clustering ajgoritim i an ndivdual soft package which can

an bed other open source t00Js For the second experin ent
we negrate the w irelength clusterin@ withCapoy( 5 due 10
its cade availability OQur wireleng8t, Prediction t00] esti
mates only HPW I i a]] the exPerinents For he |ast exper
iment we campare the tin ng driven HJF Pl with the orig€i
na]HJ PJ

5.1 Comparison with other pcers

For a]] exper'rnent’s we gjve an average of 1) wmns and
use the ISPIp2 benchm arks Withz(% tot | white space
and random Pad [ocatpns The satstica] mfomatpn of
benchmarks is lised inTa 1, Tal 1 shows that HJ Pl ob-
tajms a HPW [, in provement Of13% versus Capo (). 5 and
185 24 tines faster than Capoygy 5 The mntine of Ca
PO, 5 for he imyg circuit is very fong HFPl(WL) re
duces muntine phy 10% andg% overmPlg and NTUPJace
Wih3% and 1% shorterwire]engths respective y

Tah 1 The resulting HPW L and mntine for different placers

L ] HJ Pl Capoyq, 5 mPLg NTUDJace
Cireuit eell HMW I/ (1¢fpem) Times HPWL,/(jpopm) Tme/s HRWL,(jgppm)y Times HPWL,(joéem) Tiness
bmo 12752 2.02 257. 17 254 1035 84 212 615. 38 2.23 97 4
bm2 19 601 4. 24 315. 32 5. 63 1585 57 4. 63 765. 09 4. 74 165. 1
bmg7 45 926 9. 35 1131. 41 11. 13 1656. 26 9. 68 1707. 49 10. 24 993. 8
bmog 51 309 11. 19 2 483. 09 13. 55 5006. 82 11. 22 2 550. 87 11. 9 79. 6
bmog 53 395 1219 2153 11 14. 33 198 73 12. 08 2777. 82 12. 30 959. 8
bmyo 69 429 2. 85 3031 21 29. 28 3701 04 28 & 1350. 3
by 70 558 17. 80 3069. 43 20. 02 6 835. 09 17. 43 3569. 79 17.719 164. 9
b2 71 076 31. 97 2 324. 90 38 91 4 347. 09 32.77 2 119. 54 32. 8 1231. 2
bmje 183484 51. 49 5485. 23 61. 70 98 889. 93 53. 45 5 646. 05 55. 49 628. 4
bmjg 210613 40. 17 10 174. 31 44. 78 22 158. 01 41. 98 10 152 01 5117 17 264. 3
Rato 1 1 1. 13 5.24 1. 03 1. 10 1. 09 1.01

52 Integrtionw ih Capo bencm ark W ith 109 .m?lwhi“pac’e unifom cell sizes

and rndam pad Jocations and the ISAR005 benchm atks
We nte8rate our wirekngth driven clusterng with From Tah 2 the origina] Capo(, 5 averages 3, more

Capg(, 5 Which is based on mincut Phcanent tech
ndues In additon he wieength driven clustering using
Comectv ity s enbedded into Capoy( 5 asa compary
sonw if ourmehod Tal o shows the resu]ss without and
with wirekngth driven clusering bhased on the PEKO

wirelength than Capoyg 5 wih wirlength driven cluste
ring and runs faster The experinen@] resujts a0 revea]
the fact hat our w jrelength Prediction S superpr to Con
nectjvity forplacanent quality

Tah 3 HPWL and mntine canparison of orgnal Capo and Capow it wirelength driven clustering

C icuit Capoyg. 5 (WL) Capoy(, 5 ( connec tv ity) Capoyq, 5
HIW L/ (1¢ 2 m) Time s HPW L/ (1050 ™) Tings HPW L/ (10% ™) Tine/s
pek 143 671. 42 1. 56 674. 78 1. 57 514. 38
peks 411 1423. 34 4. 97 1400. 17 4. 09 113897
pekoo 14 11 3978 12 15. 31 4309. 12 14. 52 3823.33
peka5 45. 92 39 871. 44 44. 88 40671. 02 46. 81 38 625 60
pekog 38. 73 12 150. 71 40. 01 11098. 15 39. 64 11427 60
adaptecy 87. 43 26 587. 89 88. 01 27564. 77 88. 72 25 065 40
adapeq 9%. 89 33 158 54 98 90 32453 98 98 25 32530 90
bigb luey 101 14 40 138 23 104. 65 41453. 01 106. 85 39 549 60
Ratio 1 1 1. 02 101 1. 03 0. %

5.3 Tinngdriven [} Pl

The resu]ts without and with tin h8 driven clustering are
shovn inTal3 A fter Placem ent( using he ISCAR9 bench
marky we perfom gpbal and detailed outing RC extraction

and timmng analysi usng commercia] t00]s The electrica]
Paran eters have been chosen to resanble a typical gy m
process Tah3 shows thatHJPkT) with tin ing driven clus
terng reduces the critical path delay by aboutzg,%_
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Tah 3 Critica] Path delay canparjson of orgina] Califomia USA 2000:260-263
HJ-Pland H}-PIW ith tin pg driven clustering [5 Vvgen ] A Roritms for ke scale flt Placaneny (] //
o Critical Paty, delay, ns Proc of Design Autmation Conference Anahe'rr} Califor
Ciratic nig USA 1997: 746751
HJPICT) HJPI g .
C6288 14 21 18 34 [ ChanT Cong J JosPh R etalmPLg: enhanced mulijeve]
P 18. 2 23» o m ixed_ size Placan eng C] , ,Proc of Intemationa] Sym pos jum
34 27 96 % 89 on Physica] Desgn San Jose Calipmia USA 2006: 212-
214
ig;gg §§ i; 2; ‘1‘; [7 Donathhy W E Placamentand average nterconnecton [engths
Rato '1 1'23 of{ com puter bgic[ j [EEE Transactons on (Circujts and

Sysems 1979 26(4): 272-277.

[§ CaldwellA E Kahmg A B Matk § etal Onwire lengh
estinatons for row_hased P Jacem en{ J [EEE Transactons
on (ComputerAded Desn of Inte8rated C ircuits and Sys

6 Conclusion

A new meHod for standard cel]] Placanent js Presented n

. . . tan s . _

this Paper The Proposed m ethod is based on a new m jn_cut (9 Bal’a;q?l%?ira}g(g)laﬁ?isa %)272 priori w ireleng §, interconnect

bartitoning wih wirclength driven clustering and refie estinaton pased on circuit characteristicsf _] IEEE Transac

ment ExpPerinents how thatwe can obt@amn shorter HPW L tons on Canpuer Ajded Desgn of Inegrate] C ircujs and

thanCapg mPL, and NTUPhce Qur t00] is also capahle of SYsem s 2005 24(7):1054-1065

doing power driven Placam ent in e future [10 Hu B MaRorzata Marck Sadow dca W ire fengt Prediction
based clustering and its application in Placen en{ ()] /) Proc

References of Desig€n Autanation (Conference Anahcm Ca]ilbmiz}

USA 2003: 800-805
[1] Adva SN Markov [1, Canbinaori] techniques form xed. [ 11] LIt Q MaRorman Marde Sadow e San i indivdual wire

<76 Dls § ANSACTON S Aty length Prediction with apPlication © pgic syntesis| J
size plac(rncn‘[ ] ACM Transactions on Desig€n Auomaton IS . X L [ J
o{E lectronic SYSIGTI§ 2005 10(1):58-90 EEE Transactons on Computer Aded D esin o f Inte8rated

i i i Circuits and Systms 2006 25(4): 611624

[2] DollK JohannesEFM AnteichK ] Jtemtive P Jacement jm- . o ’ ) . .
provament by nework fow methods| j. EEE Transactons [12 Fiducer CM Matheyses R M A licar tine heuristic for
on Computer Aided Desgn of Integrated Circuis and Sys f_npm“’lng nework partitony Cj //PrOC‘O[Desgn Autama_
tams 1994 13(10):1189-1200 ton Conference Las Vegas Nevadg USA 1982:175-181

[ 3] R03; JA PapaD A N8AN eta] Satisfying whitesPace re. [13] Chen Tung Chieh Hsu TienChang Jiang ZheW i et a]
Quirem ents jn OP.down P jacem e C] / /P roc of Inemation. NTUP Jace a rato partjtoning hased Placeanentagorithn for
a] Smposim on Physica] Desgn San Jose (Califomia large scale m xed size designs[ C] //Proc of Internatonal
USA: EEE Press 2006: 206208 ' ' ' Symposium on Physica] Design San Franciscp Calipmi

[4] WangM Yang X Sarrafzadeh M| Dragonpogp: fast stand- USA 2005:236-238
ard_ce]] p Jacem ent {or |ar€e circu iq C] /) Proc of the Inter-
nationa] Conference on Canputer Aided Desi€n San Jose

(b BAFRE TR BE S AR R et TR PO, LT 100190)

AT A ARG AR Bl A ETFRNE K =5 Ah Ak HIPLZ Hik sbk 48 B & & Ao 1R 4769
FMR . BN &K SN B ABAELE P, R E R T AT e e B ITRE AR K, A R EK T AN
FE Ay AR AR 'éﬁnﬁﬁ, Mk B ERK R 69, 5 oh, i H R A RO X RS RTE, 133 T BT
B RAKE. SR AW, S A Cao 5 NIUPkcefs mPle H ik Ak, iz 75 F i 7T 9 Ak & Kk
13%, 3%, %.%ﬁiyﬂu &KB ARE ARE CaPAO ST R &K 3%. % A B IR s hak 6y HIPF L) % 42
i8R IE 230 KA .

R A Bk K A5 BRIAE KRB % &K TN
. 11391, 72



