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Abstract This paper presents an efficient hybrid techniques for a standard cell placement. The
prototype tool adopts a middle-down methodology in which an »xm grid is imposed over the layout
area and cells are assigned to bins forming a global placement. The optimization technique applied in
this phase is based on the Relaxation-Based Local Search (RBLS) framework [12] in which a
combinatorial search mechanism is driven by an analytical engine. This enables a more global view
of the problem and results in complex modifications of the placement in a single search "move.” Details
of this approach including a novel placement legalization procedure are presented. When a global
placement converges, a detailed placement is formed and further optimized by the optimal interleaving
techniquel13]. Experimental results on MCNC benchmarking circuits are presented and compared with
the Feng Shui’s results in [14]. Solution qualities are almost the same as the Feng Shui’s results.

Key words : VLSI layout, standard cell, placement
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Algorithm RBLS (Relaxation Based Local Search)

Input: m, k and current placement P
Output: new placement

1. Counter < k
2. while (Counter > 0) {
3. Extract a mobile node set M (M = m)

4, Determine a fixed node set F using M

5. For ¥v € M, determine optimal relaxed location
6. P' «— new placement after legalization

7. P < optimize P' by local partitioning

8. if (WL(P') < WL(P)) then

9. Counter < k

10. PP

11. else

12, Counter <— Counter - 1

13. }
14. return P

o 1 €¢x8E RBLS

3.1 2&38(2 F£&(Sub-circuit Extraction)

E oM ¢udE RBLSY g9 3, 4904 A8s}
< FEIE FZ9 I 299k #) 399Me F
A ARNE mE ©)&3 A WA Poir mAe
A(=z)S A9 S o] mAle Ag ‘olF I
3Hmovable or mobile) ¥ T =X'zln REx o
=9 %S Meojga RETh o] MYd =52 T}
+ QAN T8 HF relaxed ¥H A TE Wow
ol57153t7] Wi o|RA RET mile == A
Hils WYL v gesitl. Degree’t mE g4
2T 499 Yl e 4 A F oo £ EE =
=0l Mo ¥ 2z UM Mol £ g9
e AFF =55 F ol M £3A Y= AS
AeA dgste] Mol XPAI Mo &3 =29
47t mol B w7kx] o} Jd B & vHEIid

¥38lE RBLS Rl 40X ME o83t ‘mAH
== FFHfixed nodes) FE AR oW == pr}

Mo £3A &3 & peMoln Mo &3 Ui A

1) #A relaxed MA@ 22 (D3} 21 (208 FAsT 33 v Ho|
g #Hart 28§ w38 Beio

2) MAE APFAAhE AL 28 (DT 23 Q)7 A9 HEHEE
AL olFste B W}



598 BAEAEIH TR Al2=" 2 o] A 30 A A 10 3(008.10)

O
El
L]
]
e
)
L£]

_opoooo

a9 2 x-%3 y-29) 4% 298 28 I

HE 0 ve Fo XFAY. REIEE ¢=(V,ENE
Jeh® v=MUF/} H1 EFE VoeERy §:5d
stolgol o] HFolrt 1Y 204 REIZE o= B
At 4714 M={c,b,d}°lZL F={a,e f g h}°ITh

3.2 &H relaxed BIX}(Optimal Relaxed Placement)

FEI2E 2529 OdF 2 SolMe Mo &8 Z
Ao ool ] HAo AXHE AR 9 HA
AR (x,»E EA37] A A4 F2d FREE2E
29 264 ERo] &3 yFo] REFAIh oW F
o &3 =552 7t Fo a2 BEdHY MY A4
EL ¢olo] oz AU F A7) g 2§ 2614
BXo] Zx "ol Xl FYAHE 29 29 4
AHE == pcd7} O)B7VE =TB MUY kT
a,e.f,g.hT bc,d AFA ez uFd =71
gk z8x o)A 244" v o8 fxE 9 J1Y
EL fe,e,..., e)o] Bt Eol &3 7 dleo] Aol
(HP)E AN FIEE & ols7ls =29 A& 2
A7) Y8 $ele xy 2o 44 FYE REIEE
ol g3t} & Eo Z o)EFvls =29 FHE GE
AR AEAM 1Fe) FEE REIZE ol &Ik
IARY =29 3R ZFHY Ak A3 o)F
7bFs == HAAE 2A7] 98] LP(inear pro-
gramming) WHES ALY = Ak olFitE =E9
AAE A7) 9% LP 4L o239 gl

min .;;(72_12) subject to

l<x,<7,, Vvee,

x,=X,, VveF

A7 x, & 13E =59 «FHFolnh ¢ 44 9
3 9 »7F AREE 3 g ol8s x5 A &
€ 5 Atk =2 9 HIARE AR TFE 5 Aok
Hure} Lillis[12]E ©f LP 2% network flow <&
ol g3t g EANAH0ZT F F U B & =

EAAMT [12]0M AAG network flow 7]HL o] &3}
o o7t =& v (x,)HE g T3
3.3 Hix| MEH(Placement Legalization)
Relaxation 71%F 7oA 714 23 EAls oF
A Axs)e FHE AEser) ke ot £33
A¢ 93 e F R 553 e AN,
of ¥Wdo] #i9 #8833 AFPYHoz FPIAY. wix
HYsls 9 AFHA WYL relaxed WRo}N FH
H 9Ad e 4 AL FY olFAZer HFHo
Z A WS de otk od Hbge o3| 3
" WX FHFHoz W 4L £ U =0
E =E9AM Ae WHEe A wvid 53L& Ay o
AelM o] AWt g QA 99 2 F 3
Ag Fate Aol o HAFL ot #o] 8%
=3
1. A9 Al wiXE FHYe Aor 7FdA 7]
QAR & P AR
2. &4318F RBLSY 3-5 BAE Agsly olErt%s
3 =)o) HF fXE 7
3. 7 OB == po el
(1) vZ AA relaxed FH o] WA relaxed
izl PE 45
(2) =¥ P} AYshd B4 3)e= o|lF 18X
Row ohao A9E ‘A3 HAF°L AP
o g 2L HXE IS
3 DF MEL FHY w7t P HET ¢ FoW
%, 274 WAZels Fol d Fow) Pl
N2 A AR AN
@A 3-(2)el A AFE “FHE A FAHA 7
Hol B =& Adshe Ays 7 T WA B
Holt}. THNAE 98] Ag olFdict By 2FA
A Agzd F AE Huiste At dAsh
Bk AgzAE 9MEiA &7 AdMe 7 A
< AA ANk Ik ol AL 1B IFUA wjddo]
w3 AFHA77] A S Uy 2 “FHysh
734"& F43ct
1. ref ofd wl sof gl Ho] uF Wol o &
< 23k 9 (F Iz (S HuE), S F
A9 9 e o & Mg o 8 F de W
TE ZErh a8 ylo] 47 glew sIA 7 7t
+ 98 TE AFYY. 22z SERE TR ExE
7 Z(monotone path)Z ue} 4% ripple move YL
2 &7
2. ek o Wl 7o) gl Alo] YF Ho] AokzA
(DS guidchd, 7 F99 9 712d 4o & A&

4 o



EF A wAE AT solB= 7Y 599

SAE F& W SE Atk I8 ¥lo) o7 oW T
A FbF JHe We SE ARPT aa SERE
T7HAA RExE ZZ(monotone path)E &} A&
ripple move ¥rgo.2 7t

3. e AkzA 2F HEHA gevhd do] &7
g FolA 71 FFo] 2% W Sg Fn, do) RF
3 ol st fako] BEG ul TS Fo} SERH
T74x Ex=E Z=Z(monotone path)E uwe} A&
ripple move ¥PHo 2 &7t}

4. 919 1-3 #HAE AGxA] VEHE Y7ix] wE
3ot

H s ¥l 72 A8 ol5Ad W ZxE A2E v
& &7Ivd 9gd ExE FE2Y FRE FoA o5

a3 0)5e] Huyt He ExE AZE ugt
$ &7t} Ripple move WO E AL 7t A

o2 2ol 4% &= AL dnFich & do] S
2HE ExE Z2E e o|F3ld ol% wld g7t
W I ol N JE RE AL 1B sty oj5o] Hd
7 HEe A& o) ddsle 28 Z2ZE g &2
o} o)g Hyom AL SERE TE &9 § An
SAolA == Ro] olle} oyl o Wl &7 wnp
o} o2 Aol (BE oj50] 71F & A) A4 = A
A "t

3.4 BEVIME 0|88t WX =HHN=sK(Further Opti-

mization using Partitioning Technique)

2 HoMe ¢xnalZ RBLSSY @A 7o) da) 23
ok FuR) A A WA dolE Eole AL ol%
3 T dlrpolg] A Ale]z2E Fole A HWHT IA
7} k. Relaxation® wiX] 2y #AHS AH 42
HAE & o AN BAHAA wiXE AdsA FA
gt o}% gl Aelg] A Alo]2RE Folv AL HAF
Q) BAHAA WS AXSA ot XS s A
A = BEL A3 A8=He FM-2aE5lE o
23 1l Atole] HLE Z Alo|2E E<ITh

9 Hﬂil.%iiﬂ% A PHY oY=, 2 3 WolNe
A= WRE QFoz AMIUA o3 F W9 &
A A Ao|2E 27 £€E Ex FM-gugEE H§
3le] A Alo]zE g o] HAE HAHL © o
A Alo)z7} FolEA & W71 NHESle] APt

o i dpo

4. MM HiX| (Detailed Placement)

£ doMe FguAes ZANRE whre 71EE
S Adgsta, FAERE HHE A7) A FAHZE
I 71HE ol&% HF dEIAY ARsle 7%
Aol i3l Adck. FHuiReA 2 Yol wixE 4

& AAERGME Ze Yol wiXEI=E =7 g
Jouixie A Az (2)8 TWEFIE AMEAAME
HtEA] 7 Z0] BHEE A gk

4.1 YHiX|E MMUiX|Z g

dxu2lE RBLSY 43y ¥ 4& HFHsid FHuA
e AANARE 4 uiyA go ol e ded '
& QuIHEE AME3sle] o|lRojAth 4 FHuiX 9
z} o X AL FAuHAME T Pl X3}
A gk 2Ea AR Ae BE do] HE FY
o] A Uty PPk FHWAE FHERE u}
2 o), FIuAAA W b o e BES b, A
AR XA Aoz AF] HA|EHA
- &, b9 Y AEE A AAEIXY A
3 AZBE YA ojW p,, 9 e 4o AE=
st wld Aot FA HEE 7 AL WA
a8 O W b0 e AES AR
o) olojA wiHAZIch BE o} WE 5,00 Je A
9] AZEEE 2EE wld Holrt HA HESE 4 4
£ #iRIFh H b ol UE HELS 7 e dFHEd
A B8-S ojgstd AdiFEd AE AFF
o254 AAux)e] fixAct o]F FFg ZE Rl o
3, 2+ o) thal] Hgshd FIuHEHE F=8 A
HiAE dA "ok

4.2 ¥ QlEzlY

adgt AAuIAE de ¥ 'HA QAEY[13re)E B
Ze 7I¥E o83ty 7 3§ o e 459 H4XE
AzFFozR AAMAE AT HEF AW
HAgL o go] aokd 4 itk

1. Foj3 9= A7 Wl tial, 3htel 3§ ujel
E ASEREH W ¥ A 2EE AE Fophdth

2. AAE ZEHRA Fe 4EL B HAF o]
9 Agt Bld &£ME @ wix9 AdF £ME fX
Eid=a

3. F FE 9gE A9 BU Sl AES Ad4 9
g A A At BE Q€ gl Blinterleave) A1ZITh

4. 97 1~3& A BEE =AR PR, a8
Z Pl YESE $502 o|FsdA WHE 3
£330

5 99 & @AE uAst ANEA @& AR P

o ok orr
vl

£

Fol7 BEY A% B/t Ag W o] § FEIL A
HeHAAN 4 & e 2E 7Fse A 24 A

P HAY I ] BBl HF A
dolet ¥tk ¥ 304 HH AHIYS )
olgA A8 €48 wE 5 UEA 48 B o 3



600 AR =g ]

Iy 3 #3 dAYY FF

A Qe 3 zzadgq e 55 7EE 5
AL 13114 ®BPrh

4.3 55 E3AHE

H3 A 98 AL T AAMIIE o o)
AHA B B4 e B3 FHzHHY o EIe
71YHE AMEStE AAIXE o ALAE $ Aok AE
X NS 98 [12]94 B8 FH2EHF S AHE3
Gk o] 1S AT 4SS AYHAH(local optima)S
sojues a7t S (12004 B o ige B
RN oz ARSiEe 2 1Y $EdEe o
&3 o] 298 = 9ok BAWE LI U (o S
9 A% F2EEY st ¥ A2 e W LU
3 59 44 IFHE Ao 43w Fdgteith F,
L7 o)de] Az yAl olsle A= shie] 3 Ao
e Fthrt Fold w, 2 o e HEE IFR
B AAEl) Q4% A5g FE2HIE 3 4= 9
£} 3 de PEs= gXe 29 HE wjad
ZE Aisle 9xr) 7B 2 A4 etk
FAEAZ] HjXe] = oA HF Qe ES 8
@} 289 w7t AdE T ojE Fof FAulA
2 g3z, L, Uud g HAAF oA 9 A e
wEdto g q X AMHo R M

5. stolggl= 71ty

o% 4olMe o oM dE® AF HE 34
o2 Agste] HxE AdAITIE selRd= 7EE
RoFoh 4, 999 27 #9 H#HAE devh 1™
o ¢a1EE RBLSE FYAIA FAuiXE /AR
o. ¥2F RBLSY £3¥L Ay 98 F, 2
e REIZ A9} ALdHA & AL A WE
g Aojstr] A el m# kE ARSI m
o] Z27Igke ¥ 49 #1l 244 EXo] F=E9 Ale]
zof vigsie] 29n 1 wE e ¢neF FIA
sefdie] oo 3] FFATE FAuix| AL sl

Al2d 2 o]l& A 30 A A 10 Z(200310)

Algorithm Hybrid Algorithm for standard cell placement

Input: n, m, a B, V, ig, knin netlist, etc
Output: an optimized detailed placement

er*xxk Codes for a global placement ******/
1. P « Obtain an initial placement
2.me a-|V

.k ip

4. while (TRUE) {

S. Call RBLS(P, m, k)
6 m«— f-m

7 k—v-k

8. if (m < kmin) break
9.}
[e***x Codes for a detailed placement ****+*/
10. P; «~ Transform P to a detailed placement
11. W « 2 - (avg. #cells in a bin)

12. while (3 Improvement) {

13. Py < Opt-interleave(Py W)
14. Determine L and U

15. P, — Cluster(P; ,.L, U)

16. P, < Opt-interleave(P. ,W)
17. P, < Flatten(P.)

18}

19, return P,
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2ol nlgol 4 ¥ o A FTogFH white
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¥ 1 329 A
Circuit # nets # cells
Prim 1 904 833
Struct 1920 1888
Prim 2 3019 3014
Biomed 5742 6417
Industry 2 13419 12142
Industry 3 21940 15059
Avq small 22124 21854
Avq large 25384 25114
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o] Hlgo} 1.057HA] 38Ut o 9A] 2 AHE Ho FUoh RBLS ¥12E9]
E 194E A9 AHEH MONC WAY 829 dde fed b 48 39 92 ok bk 3
AlekS 7hes] Rt ¥ 29 ¥ 390AE [14]0A4 B A2 wyolaln B 4 el F2d BE 459
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¥ 2 Feng Shui® #3¢} ¥l (With Row Spacing)

Feng Shui's Results in [14] Ours
Circuit Row White Wire Row White Wire CPU time

#rows Len space Len #rows Len space Len (sec)
Prim 1 17 5,141 9.0% 1,044,291 17 4,810 1.9% 965,615 34
Struct 21 4,769 1.9% 755,176 21 4,752 1.5% 706,980 63
Prim 2 22 10,501 1.3% 3,781,567 22 10,500 1.3% 3,592,968 200
Biomed 44 10,513 2.7% 3,403,408 44 10,368 1.2% 3,485,918 423
Industry 2 69 15,449 6.5% 15,627,343 69 14,696 1.3% 16,160,831 1,140
Industry 3 52 28,153 3.8% 45,960,343 52 27528 1.5% 44,687,804 2,328
Avq small 79 9,497 3.7% 5,653,141 79 9296 1.5% 5,722,467 4,869
Avq large 83 9,777 1.3% 6,210,026 83 9800 1.5% 6,161,967 5,626
X 3 Feng Shui®] Z3¢l ¥l@ (Without Row Spacing)
Feng Shui's Results in [14] Ours
Circuit Row White Wire Row White Wire CPU time
#rows Len space Len #rows Len space Len (sec)
Prim 1 23 3,610 3.6% 846,822 23 3,580 2.6% 849,603 60
Struct 29 3,472 24% 516,236 20 3,440 1.5% 569,646 72
Prim 2 39 6,150 52% 3,007,493 39 5,940 1.6% 2,916,407 214
Biomed 62 7,536 3.7% 2,735,042 62 7,376 1.5% 2,725,123 444
Industry 2 98 10,712 4.9% 10,454,680 98 10,352 1.4% 12,364,077 771
Industry 3 74 20,344 6.8% 33,832,792 74 19,304 1.3% 34,726,862 2,952
Avq small 112 6,960 7.7% 4,347,417 112 6,552 1.4% 4,381,825 7,070
Avq large 118 7,648 2.7% 4,921,154 118 6,888 1.4% 4,802,575 8,464
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