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Minimized Disturbance Optimal Analysis and Grid Bin Size
Refinement for HiBinLegalizer

Student : Chiao-Ling Cheng Advisor : Yu-Min Lee

Department of Communication Engineering
National Chiao Tung University

ABSTRACT

With semiconductor fabrication technology developing, millions of standard cells and
macros (pre-designed blocks or intellectual property (IP)) are integrated into a single
chip. Legalization procedure is part of placement design in physical design automation.
For a legal placement, all elements (cells and maeros) are non-overlapping and all cells
must be aligns to row. In this paper, we based on a method, HiBinLegalizer[1], which was
published in ASPDAC-2010, propesed the grid bin size refinement and proved the solver
for the objective function is optimal solution. The grid bin size refinement use the aspect
ratio of macros to obtain the aspect ratio.of grid-and use the number of cells in maximum
merged-bin to determine the bin size for'HiBinLegalizer. Moreover, we proposed some
lemmas to improve the procedure of trial row in HiBinLegalizer, so that, the order of
time complexity is O(1) as compared with the original O(n). The experimental results
demonstrate the effectiveness of our method.
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K% FE R R AT Rk 69 5k, B R R T (feature size) 89 AL, RAFE—HMES
mALTHESEHEEE 59T MM, 3t BT HERERAL R UMM EL(Very Large
Scale Integration, 4% VLSI)'3&=ta9 6 & o MOA R R g sk, EM#Hshst(CAD) A& T3%
A FL(EDA) R 4K, B1LABMGXAAMESLAIARL, REBL—@FF IR
Hh, MG AL EARAT AR B M AR Z(HDL), A LS sE8r (ex Y55,
FER), IBEMHABEEN TRE SR HL, REIIFEEAK, fhefTiF 88 M A 2058

B2k, BPATME R

T #9331 (physical design)iA#2, 4o B 1.2(a)PT 7, ZrEFHAREY, FiA @A THZ

% & #it (Intellectual Property, i IP)SEESN, A6 A LA —EE B LTAY, H#
e (block), AmE#MEF TR0 (1) F @B (foorplanning), w16 A7 & &
@A, AR BT U, BRI R AT, 2@ B (2)#E (placement),
AFERE, ZEBEAA ORI VRE T, EHEERETHITE & BT
R & 4 (overlap) (3)4t4 (routing), & 7LAFRZ R & 4k 2R AT 697642,

1.1 #H=@EN

AR AR ELGME LT H M (1)A234EE (global placement) (2)4& & &%t (legalization)
(3) B3R 4R & (detail placement), &3 AWE, MFRFHRFEZR, ARRYGE ZHA,

Blde: 8 & (wirelength)[2], B 5 (timging)[3][4], 2% #H#&(power consumption) [5][6]%F 3%
M, BALBMELOERS T EHME—RREXGEN, flie: AHMAEE;, A, &
B &5t (Legalization) B8 £ % &, X B8 BRI HGEY, 265Ley@, LAET

IHBERR A EESBEE HET R, PABAAMRESL
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1.1: EAaAR KA ERLTALE

Circuit Design
Circuit Design H
H Floorplanning
Floorplanning [ 'r ........................ :
‘ Global Placement Placement
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Placement Legalization
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Detail Placement
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‘ Routing
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RAFSEBME B BR, ARSI AREN AT /TRy, BHARRE, AAESK

BIRE TR RAE, Pl EHGEESF,

1.2 "R EE

W BT, RATEZIEG B “A hierarchical bin-based legalizer for standard-cell designs
with minimal disturbance” (1], # &%+ B B2 MNFd K-FF A BLBBE G5, &
REBRT 2 T 7 B AR5

o HSURK[LATIR AL E MRiE B, BGE—F M R R AL,

o BAVEBIEZIEL, HALAERTERMBE, BIFER T ERE H A 8O (n)F A&
AO(1),

o MM AIFICT K, EIHAM BT F2 R AR B R ORI TRIL L, PTIR 8
ARALE T & A EAEAT 69 &% % (legalizer),

215th Asia and South Pacific Design Automation Conference 2010, # 4% 15th ASPDAC-2010
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B T 4t M, BRAGTA SRR RMARRG AL, Hlhe: 2282 F T (standard cells),
F e 7] (gate arrays), 42X 693 # K 7] (programmable logic arrays)s %, st B#H L,
ARAE AR R AR AR BRI H AR,

(‘

2.1.1 #RBE£E

HREANHANERS, S EERAMETA— BT, AERRE, TEOTHZE
2R G, HHEHH A TREEREA ARFSEE0I, 5—EREET, LARKE
B#HEEI L, ARZERTHSFAIS, wB2175,

standard—ceH

g 111 O 11 0

W, Wy W,

B 2.1: A28 F 069 05

2.1.2 #HHeeyER|

SHEHRE SR L MR, RT3 B ARG IRALAT LA R AL R T S 9 B B 2 T E R ATH F
H AR FE R A2 JE A 7y ok (1)B &% 24256 & (Euclidean distance), 4% Bk K 32 ##(2) H 41
% 3B & (Taxicab distance), 7r#% & % 48 324k (Manhattan distance), #Zn# /& 6@ & % K

-

¥, AP = (pifipa, ..., p)F2Q = (qifiqo, ..., ¢, ) B, nHEeBIK LT X 5B

Ay =/(pr — )2+ (P2 — @)%+ + (P — Gn)? (2.1)
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A 9B Al 0 &R
dp = Ip1 — @1 + |p2 — qo| + - + [P0 — ¢a (2.2)

WE S FACBA Moy E MM, FBUR e A 2 IE 85 5] A

A =V (p1 — ¢1)2 + (D2 — @2)? (2.3)
Fn
d7 = |p1 — 1| + [p2 — @ (2.4)

W 2.2, KAV 4o X IEA PP B ik 12 PAQM Bh ) A 4R 9B A, 70 F 75 4 JE AR B B PHQ ™ 25 M

KA £ BB I £ 04

/ Q(5, 5)

/

.

/

L

P(1, 2)

B 2.2: =4yt XIEAk(4RER) BV/32 +42 =5, mI AR E3I+4=1T,

Bt AR, RINER SRR AR AR LRI £ T ARRREE, A,
& N EHAEHAHREEL, RERUMNEEREEREE, TARBHEERF KT
N
> (2 (k) = a (k)] + [y (k) — y(R)])
k=

1

8 (a(k), y(k)) Ao (' (k), ' (k)9 FLRARE R k£ o BARE Ao bk ALK 0 £ T A BAZALE

2.2 WEESHALEARE T

PR, HHSRRRE SR kR K15, 7, 8,9, 10, 11, 12], Pk Tetris [10]%&
B 4t B2 RSN S ABIRE 7 ike)bik1u E[13, 2, 14], TetrisZ2 —4& & 4% A%,

Hgp—EREALHRE—MET], RFLREEAGE TR, —EREELRARK, £

>



LRI BR AR E S, H—F @, ARMBIERG AL 1, 12], B4 Tetris #9845 5 %
B AR b 6 Sk AL ik, AR AR SR LA B, Tetris [10], #—%, R#HAH
ByAR AR B L0 A M- AR B MR, AR ARREARF A GS], HHAREEALHY
HEHE, REWMA—ERFTHF], RAREELGHEG TR, REFELRAK, FPRA
MEazdy, A, REGEFE T ERIERRA, Abacus [11], AIER I B KRG EF
%, $Tetris#AfL, Abacusi¥ FPTA 697, KERBERDEGFIMA; R F#4Tetris, Abacusty
B A% & # B =k 77 #2 X (quadratic equation), REZLBAK, Lo EZELFZNT
g E I, SURK[12], sk kAt Tetris, 3 & Ak-mediod® &%, R# I, &
B ie 5 7 eg S B, VAR B AF B 5% ) 69 45 4 (displacement ) YA & 4% & (wirelength) 89 i & &
HiBinLegalizer [1)&—AEF & X 69& ok, HTRE G ERS 2T % 09 F UK (bin), %247
#¥ENGEE S, TRURKEEH S, HI/ER BT EHEA ML S (weighted sum of
distance solver) & X M EFH I & B, Wi AR HiBinLegalizer A& #t, FHLT
— B ARG AE, F P URK([15]4R B =Lk & B R BE RAFAREE AR RE 128
Flof &2 LT EagAZ R E A, EHAASERARFEE LA, SLbf T RAFR KRR, BT
BR[ T M SUBR[15) 89 48 3 J& R 12 & ik Ak, A1 R s I ARAR 7 A2 7% (minimize-cost flow) St ik € 4%
BB, BERASEK[15]) 8 3 B EH | L9AE B AR, SRR A& %
1€ (shortest path)ik, stk 7| L9 iR R B rmig RS 7169 7T 2 8 @mAR ey i, B3 —71
&iEA,

2.3 #i HiBinLegalizer® %%

$b v S AE 4 UK The Hierarchical Bin-Based Legalizer for Standard-Cell Designs with
Minimal Disturbance(HiBinLegalizer[1])89 7 ik WA B 33w 58, B b A T 3 & & 145 1§

I~HiBinLegalizer T % 3269 P B8, AR ik MR8 69 Vi A B AR B 69 3234368 P
2.3.1 FARRK

HERFABRFARD L EMmE, L2 @HH1)EEE L (2)B £(maco)
(3)Fl(row), HA P T H AR, FRALLR, BEEARATTBHo Eny, 45k
RER; SRR ATHEY, Skiuk, BEEUARE £, RIAHE, TIFRE ERID
ERAEHER, B E RIS RAIEE A RIEE 0 45 RAHIT,



Chip Global
LEE‘S"}' M Cell Info.
A ;

[ Uniform-Bin Construction J _| Select the highest density of
7 unlegalized bin

Cell Density Analysis ] Bin Merged
! Procedure
\
[Legalization Procedure ]‘7

v

has unlock
bin?

2.3: HiBinLegalizer #7428

5PN
W h@meg AR, BAZREE

min. Z\ﬂf B)l+ 1y (k) — y (k)] (2.5)

s.t.$(k)—x(k—1)_w(k‘—1);2§k‘§N (2.6)

AFNAREE LA, wk)RRERARGEE, (2(k),y(k)F (2 (k), o (k)25 A
HACATHAR R Bk £ T A AR,

2.3.2 #s~-HiBinLegalizer

B2.3% HiBinLegalizer MR AARE , & RAEEQABIRE LR, & K933, THaiR;
Ho, RIEMR RS IRG, x GEABGRIGEAKL, LFC IG5 R EKFFE

F e TR, AREE-ERERE LG LB E, RELRAEHEGELKE, (72 ik
RATRAZSEHE RS S HAEAE), Ak, RITRIFTEKDGIZEE T E E (standard-cell



. (a) (b)
’lA < . »>
................ (C) (d)

B 2.4 BAKGSHTEE(Q)EL—BEAYL, LEEIAMEEED)SHTFF a0 E
() B BEAZFWBEAL, PlIoHw A7 6 69 B A (d) a0 B e T3 7 & 89 F 04
Babt, TR EL 2o B 3Rke9 B AR B B A,

density),

L P AD) & IR E B ARG AR F A 8 @ A A BB Z (capacity ) C(b) € & & B L bEy @

ﬁﬁ%%%%MMm@%@%oﬁﬁﬁﬁaﬁ,%m%*é%mﬂ»a PNEOR oY
% % KA TA S T & 69 M & B 4 (threshold density), 21 A & 4 4 #2 5 (bin-merged

procedure); R Z, A5 HIEEANSZARF, THELHBR, & INHHGETSETREE

1,
2.3.3 AR ERF

G TR g B U (Uniform-bin Construction)Fe ¥% B 2 71 % B 9 #7(Cell Density

Analysis) 092744, BAEEERE AL GE KT I, TR B KA A% A,
APAT SR, S EAKGRETARESHRR()TFHrabH(R. B, @,

o) (2)m A e bt (R e, Rl @b, @), —H4S, b—AAA I E R AE M E



BB AP, ST e REEICEFE TR A B BB (merged-bin region),
WAy, REHFHASHERGEE, LEENSAUERME, AHSHERGD AT @
B AKMEN,; KEFEREATREOFEAL, SHERE, AAREPAMEEM, 4o

Bl2.4F7 7,

2.3.4 &R

N,:  Flr EARR BT AR
N, #ENAREZE Ty EE
(i): ARRBIABIRE 69 £ T x-JEAT
o' (0): AREB G KA E 09 £ T x- AR
(i): MRBBAIBTE
boglr k, mAEGHE
Weoast: BEECISTE
Qetast = BFERCIEY £ Tx- BARAL B
Cr. wERE, EHECHI— AL
Wwe: BEECPHITE
Qer:  BRECPHY LR x- AL E

K 2.1 45589

Algorithm 1 &kt Fok o9 E A X 7%
Input: A set of target cells S, and a set of candidate rows S,

1: Sort the cells in S. according to their-a-coordinate position
2: for all cell 7 do
3: Cpest € OO
for all candidate row r do
¢ < LegRow(r trial) // Determine the cost c
if ¢ < cpesr then
Cpest < C
Tpest < T
end if
10:  end for
11:  LegRow(7pest, real)// Insert cell i into sub-row ryes
12: end for

BHFELVI R EFACE TR ERAARS, o4, HEHEBAMAORERT, KELE
ABIRE 0 £ T o- AL E b N ERYF, B ANEIARRE -7 w9 Aa A B, BE
PRI, RFBIREEA, FRIVEIFAZE R ARALA R 8 RAR (cost), £FRT|HY



Algorithm 2 LegRow
Input: Cell i and the legalized clusters in sub-row r

1: C'st < the last legalized cluster in sub-row r
2: CP + the processor of Cle*t
3: Remove the last cluster in sub-row r
4: if x(3) — qerast < Weast then
Append cell i to Clest
The Optimal Position Solver(C'est)
while g — quast < Woast do
Append all cells in C? to C'st.
The Optimal Position Solver(C'ast)
10: CP < the processor of CP
11: Remove the last cluster in sub-row r
12:  end while
13:  Add C'* into sub-row
14: else
15:  Create a cluster C
16:  C < cell ¢
17:  Add the cluster C in sub-row r
18: end if

B2, wACS T BARYr, R EFyr @) 8RR, BAR R BT 8 &

min. ZT |z (k) — o(k)] (2.7)
s.t. x'_(k:) —2(k=1) > wk—1); 2< k<N, (2.8)

E PN, & r Leg iR R RS, KB F|E Rk LegRow(r, trial)(475) A & ik T a-77 &) 694X,

18, mARAT|E F ik LegRow(rpes, real)(4T11)M5AR 22 BERET| L, XRI|FR|ADE R

E%\

%
% (LegRow) 3T 5 a% W {81 -T-42 5> 13 8% ( Collapse ) #2142 & B8 % %5 ( The Position Solver), +4oi&

FHE2PT T,

AR

FH KL P, FTAOARE B RARAZ I, BARH I (1T812), §RBIBAIRES
U1, ;g,‘,E\L/\-P;(‘ €T- flﬂzﬂ'—l-ﬁﬁ&%ﬁﬁé/iﬂbéﬁﬁ%%?ﬁ@ﬁifq /\] fi fft%g¥%iﬁ7f¥$

B, AR E LS BREANAQRER ARG ETAALE; ok LR B LM &
#E4 (processor cluster) @A €&, RIAE MM, KL EMRAE I E R AENEHFEDME

P

o

10



{8 f ik 5 (AT6H4T9) BB M PT A AR R B AR B SR E ; sk BIBLE R, TR
AR B G0k AL B B AR (abutted) £—A2, AILE,

k) —2'(k-1)=wk—-1),v2 <k <N, (2.9)
WmEZ,
—l—Zw ), V2 < k<N, (2.10)
EFa/ (1) EAR £ ZOREELSFGLE, A5(2.9)RA(2.8), T
N. Ne—1
Yo la' (k) = x(k)] = ['(1) = a(D)] + |2'(1) + w(l) = 2(2)| + -+ |2/ (1) + Y wli) — 2(N)]
k=1 i=1
=12'(1) — Azy| + |2’ (1) = Axg| 4+ - - + |2"(1) — Azn,], (2.11)
B AR R B E BT T T A
min. Z |2 (K k)| = min. Z |2'(1) — Ay (2.12)

EF Az = 2(k) =S wli)e HRAMCERE)R F RAARAML(2.12)R; BB T4, MAK
SEHMBMENEREHMAE, w2, Aol (1) OREMEHIIP, = {An,} e, 6
Poid, (#sz: HiBinLegalizer#t98 % 5 LMk, “Fmsd USR0G35 4 LU Rk[1])

11



3

¥t HiBinLegalizerZ sz 1N % 3 693k 12165
RV &L ok e

f£ HiBinLegalizer[1]F , #&8—BFAR B U 2 L £ 18 4 1 (consecutively overlapped)#)
Wete, AL E ARE BPTR BB AR AL, Af X R8T BLBIFM? AT &R
P — BB AR —FTARANIERESERAARESHOMEL, ERMALE RGN
TREARAER, Rk I, HiBinLegalizer iR A&k # b, {#usdsw — B4, Hit& iR
H A RAGARAL T %, & R e TR RN T A AL 2R E L RX B B SRR K],

SLEA AL T FTH3LKMELANBLERGHGHET; FH32 RMEGA —F 86y
RBREHEIME, EMEy L DRGH, HESRD R B REOLER ELTHRREE—
R 3.3 RAR B BB 51 32, AFIRRER 7R ok K5 PAL B84 % ; 87 3.4. 841

BRI 7k, BB T E R, BB A E AR,
3.1 RBHHEH

AR @EFER, NETARESELGMATY, KRMALEBEEATRELS, LRLERMMES
AR TAR AT AR, s i RV A R[] 0 2% L it 2B
MR, 4o fTR BT, KT ME, RVE AR AL LR

&1 (XBaGH) NEARERLGES, HEL A Te-BREIERBAE, HIFK 1 3]
N, #HPAEY k, ZHAT X

zk)—zk—1)<wk-1),2<k<N (3.1)

AL NABARE B R X Bk Bk, P a(k)BAE ki) £TF oits, w(k)BBERL &

B 5

12



3.1.1 X 2%&HasH

T & B Ak 3 /3% & # 7] (monotonic increasing/decreasing sequence)fe £ 38 IE 3% /3K K FH
# (monotonic increasing/decreasing function), # zp < mpy1, B Z {2} L EAL
HET RZ, HAAG K EN, % mp > s, BEI] (o) REFEAET, F
fr Are<yR flz) < f(y), Bl&&K f ZEABEIE, RZ, $&3K f, Az >y B
flx) > fy), Plad fREFRREE,

HH 1. ANBEREURER BB,
2(k) —x(k—1) <w(k—1),2<k <N (3.2)
g w ZIFS = {Ax 1Y B
Aap = a2(k) =S~ w(), k=1, N (3.3)
B\ 7| Sl B BB RET], A
Azi< Azpy k=2 1 N
L (k) few(k)a HNAEEA k 89 £T An-Ei2feEt k 95,

Proof. & 4=¥tPiA ey k=2,..,N, z(k) > x(k — 1) B x(k) — z(k — 1) < w(k)Fg& 7S

% k—1A8:% kA

k—2
Axp_q = x( Zw (3.4)
i=1
k-1
Axy, = x(k) — Z w(i) (3.5)
i=1
A XAai, T
Axy — Az =x(k) —x(k—1) —w(k —1) (3.6)
wt xk) —xk—1) <wk-1), TH
Az — Az =x(k) —x(k—1)—wk—-1) <0 (3.7)
R HTRE ]S B FERLE, WHhAEHIAG k=2, N, A Az, < Azrp_1, m

13



A A M AR T, BB AL AT ET L BARALE, 12747 LT A ARER T
W oA BEF R, L0t — A L AN ERES T, L&k E T LAz 1,
y-BAREEER, 3 [y () — y()] B AT

B, BAZHETE R

min. ZT |2 (1) — z(1)| (3.8)
s.t. x'_(l) —2'(l-1)>wl-1);2<I<N, (3.9)

RBERLE 1, ENAREE LRI LR EGERGERH, S EULEREEALIME
A (abutted) A & A7,

F b, K2 725 —EARREB TSR E, BRI EB TRt E T T
g

70 |
H(N) =AY o(i
=1
k%,ﬂﬁmﬁﬁ&%ﬁ
Z];z: (D) =1z — Azy| + |7 — Az + ... + |T — Azy]|
N
=3 |z - Az (3.10)
=1

= f(7)
A Awp=a(l) - S w) #HAG 1,1 <1< N, BEEE 2, T4(3.10) XA &N
fh, & 7 AT {Ax}Y ¥4z (median value)s,
HT4&, &MEEARK f(7)

L ERREaE, 7 <AQ:
f(z) is BB RE, F > AQ

£ AQL AR {Ax} Y # P, RAEHELET) {An )Y, RERER, BOHTA Y
2<1< N,., ﬁ AZEl_l > Al‘l; Rk, PALE AQ% =T VAR TR,
Al‘%, '{J?v? N, € "fl'§i
AT N, + (1— a)Ax%, % N, €@\

14



) ()

—Xx ] i i — X

Ax a1 Ax_,:" TA}_’ _\1__1 ......... Axl ij__l A_xj_ Ax’_}— N Y_\- ........... A’CI

B 3.1: &% f(7), % N, AA%(ER); & N, A (+HE)

&I

L EF a &N 0 B 1 6w

BE xs > xy > AQ1, A

fla) = fla) =) |, — Aw =Y fa — Ay
=1 =1
=> (Ax — =)+ Z (v — Amy)
- <Z(Axl = Zy) i( Aa:l)>

+ ZAl‘l ZAZEZ + Z Al‘l i Al‘l

I=j+1 I=i+1

—(N, — 2 — 2j + 2j)z, — (N, — 2j)z —2§:Am

l=i+1

=(N, — 2j)(zs — 2 —I—QZ — Axy)

l=i+1

J/

-

>0
B EX T4, ZHANG 1<I< N, |leN, ThE Ax > x,, Bl f(z,) — f(x,) BRAER,; %
Bl Ay >x, 1<I<N,, €N, L& %, 2, > x4 > AQ1 VAR # 5 {Axl} TR, T
g, 1 <i<j< B THEXEXA, ARE T > AQy W, f(7)RF LD H AETH,

& T < AQL W, f(2)RFHRBERIAE

M 2. R NEREE LR LB RGN, 5K, NEREEVEFRE, BRJIRTE

15



N
min. Z |z — Azgl; Az =z(k) — ) w(i)
k=1 i=1
sit. (k) —2'(k—=1)=wk—-1); 2<I<N
o' (k) (x(k)) F= w(k) 2 3N BARREA kb 8963 (2B )M EARA b R, T A42F
B kg, S T AED {Ax,} 9 F1aseF, T = AQy, AR ME, BHRE
T Wik Ak AQl A B AR R B AE

3.1.2 #5454

SREER =

S EHRER -
7]

Exd W

BEEL I

B3.2: (B Z 3% AR

LR B, AR B AL LIRS AR PR AR B U ML @A R B AR E R LR Y
WA R, R R RIREY ) TREBAGT G, bl AR TRE 9425 RTAE
dn BT ARE 693 3 B AR B B ARG XU ARER AL F R LA ARG DR, to
B3.2PT 7w, Bk, Mg FAFHT, M2 TS B4 247 BARR A AR T B4,
B AR 3 BB 1 FARAR 2L E A%

min. zN: 12/ (1) —
s.t. :Ul’_(;) —2'(l—1)>w(l—-1),
2’ (1) > BXpn,
2'(1) > RTmin,
2'(1) + w(l) < BZymae,

(1) + w(l) € Rtpmae, 2 <1< N

16



& 3.1 A

*OBTA A EARRAE R 1 REELGER
N, : 7| EA2EZ T EHK
Ci: AREH i REKER, IR L BfE
Nl Cp megREf#
Cl: PRk 2mEEBatESL
Ni: BEEIHRE &%ﬁ%@%

o'(l) . BBBEAQLBE  REFHET A xA2LE
w(l): %1 EREELYGTE
XUCr) : B REEA, BECL AT A v- iRz E
Wi(Ci) . #tta Cl M TE

‘/B:_CP B:Emzn %CI meag; \allj%ﬁ‘jt#ﬂ /]}fi—/i x_%ﬁ&ﬁg x_%ﬁ; Rxmzn ﬁﬂ Rxmagj %iljéﬁ

ﬁi&ﬁtéﬁx )l o

AR 51327 S, Gk ALIE, & PTA 0942 B UK A8 (abutted) B AR & #OA & ME, B A A
B2 T s 2k B — AR AR B, o/ (1), EMRASEAREAKR, BHiktiBg

SR, BB — BB A SR AL B S E R /(1) = max{Bryin, Rtmin}, & /(1) <
max{ BZmin, Rmin} ## &' (N) = min{BZ e, RTnast; & ' (N) > min{ B e, RTmag }s
B AR R BA = IMA,

3.2 R BEFHIRAELAIM

AR — i, KMFeE 2| L N, BRERBTUHR LB EGHGWE &k, MANELRRAL
- W EEFRER RS, LFH IR, H7 by N, 9RREEATREL
Bk b, e TR B R AR A7

AL BREHGBE, L8 N, BCHFOREEARER RG> M, 5 | HE 4
GFmAAE, Saa Mg R ER HLSHEE, TR TRENZAEE, £F
SR AR R LA AT, ROV RAFIE, LB &3.1., & B MK (Cluster), 4 5% (a set of
Cluster)#y € &% 513,

a3 R A, R A R S AR R B U, LT AR S A MBI 69 R AT R, F

Tk, SLBBEsL A E N E—F i ey LRGN T XeT,

Tk 2 (BEK). BER, O, ABRAHES C' = {C],C,....C,} B C,,NCL =0 HITAH

1§m§n§N§o

17



R &3 (BE). BEC WF i REFCKEE BRI, 24
Xiey™) = xiemY)y < wueY), Jo+1<j <
Al Cl ke B T EEEERIE J, R ER A e, wE
ci={ci Vel e

Bl B F i KGR ILE, BETARLLHETSE wEALEACAR—ERE A
Nego = 1B XHC) = Xe(C)

MBRBBE C SRR ME, C L MRS | R RILEE 44,
5132 1. &—{ERtR, C), & N, BFEAR, A
XiCV) - x7 ey < woel), S+ 1< i<,
BRI, R
X ey ) =2 E ) Z ey, o+ 1< <,
B35 J. BFE, KA S | REFANARE , F—AAEE THOBE, LT,

X ey > xieY)

Bk, &kfutk, HHAKERE C7 j > J Aok Esas F4, XIP(CT) >
XHCTY, j > J. Rm, #HEAGEE O j < J A XFCTY) < xiel Y.
Proof. # C\.Y i i sebikittk, LB A
XiCS)) = xies) < weeh ™) (3.11)
Ht, % i+ 1 80510k, ZLiie
X)) = X esh) = wues) (3.12)
PE(3.12) XAe(3.11) X, &MA
X esn) — el = xieiny) - xies) (3.13)

18



#(3.13) X578, T4
xHyelh Dy = xicel))y > xEvel ) - xicel ) (3.14)
wAt XYY > Xi(CTY), Bk (3.04) R &k F
XIES) = XieS ), (3.15)

THAR G TITE, HAAEG k> T, F XHCTY) > XY ) A, &0, #A
A b < Je A XNGTY) < XUGTY) =

3.2.1 HMAEAANI

“rR 7| Eig N, BCHFORERET, R 1 B N, ZEEREELHLBILE, 551LE,
TR AR B UNE G IR, 24 BARR R AR ME, BARRECT § &

min. Y |2*(1) — 2(1)] (3.16)
st. 2'(l) —a'(l=1) Zw(l—1), 2<I<N (3.17)

P 20() 2 2" () R EARRBEU] LS BREAF 0 REFGET A - AR, w(l)

3.2.2 MxiEiLE

W &3, RIMTTH N, BREZLTA@ES R N BRE, #5—@%E C) k=1,..,N?,
AN, EERAR, SR T+ 1 2] T+ N
& Fn
2°(j) =2 — 1) S w(j), J+2<j < Ju+ N2, (3.18)

Suobh, BRAL AR — AR R LR — AR G B — AR M A L, Haka
2 (Jp+1) = 2 (Jomr + N2j_y) = w(Jomr + NOj_y), k=2, N7 (3.19)

£ g =SNG,
WA E— BB CO R ARARE 094 RB A RN, L, NIRRT N SR — &
BRATAR 69 R AT, Bk T B4 b — B B TR A M ik, T RIFBRE 89— RSk Aig &
A2 E X1(CO), HATAK k=1,..., N0\ HukBERHEA TR

19



F0R ek l(28
MEER)R  #%

1

EE
BlRkAiEiuiE -
HENER
W S ot R
BEWER
B 3.3: BAEFEAIEEGMAR
JNg
Z\:v () — 2 J)I—Z\w () — =) + Z lz* (5) — 2°()| + S ) - 2°G)] (3.20)
j=J1+1 i= JN(C),1+1
J1 Jo JN(c]
= et () = Azl + Y JaNAF)=AGA+ Y et (Unoi +1) = Azy)| (3:21)
j j=J1+1 J=J o1l
1 Jo JNS
=D IXHCY) — Azl + =Y UUXA(C) — Al H 4 D IXé(C?Vg)—ijI (3.22)
j j=J1+1 J=Jno_4
£ f1(X2(C)) + f2(X2(C) o+ -+ fvo (Xi(C?vg)) (3.23)

k—1
where Jj, = Z NO,
n=1

B REEBGEE ST H TAROER, BIAME =R EE A C° TR AR N}
BmEEEE N < NO,

D, A4 CO e B AR X1(CY), BIAAK (cost)A, HILHBEE Cl @3,
[=1,..,N} BAZRETHE R

Li+N},

min. Y [fi(X2(C})) — fu(X(C)] (3.24)
k=L;+1

s.b. X2(CR) — X2(Clly) = We(Cy), Li+2<k < L+ N, (3.25)

A¥ L= 300 N seif, fiu(X2(CR) B4e, BA N, A% #
#HEEE CL BAZRETE &

]\fc1 Ll+Ncl’l

min. Y | > f(X2E)) — f(X2(CD))] (3.26)

=1 \k=L;+1
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4R (3.26) SR MEF AR (3. 24) MR ME. BIIL, B=R ek, BRAE Lo A% —1
1% TR B, Wik, X2(CP) > X1(C),).

o Sub B (XEQ) = fu(XCD) = XHC) < XHCD). Li+1 < b < Lo~ 1; 408

kZLl+1

B 2 k&K, BEBEEGEE, X2(C)), TATA
X2 (Chan) = X2(C)) + We(XZ(C)) + 01, Li+1 <k < Le—1

b 0, AMBE CO A0 O, ZMAHEE, (5, = X2(CY,,) — X2(C) — W.(C))
XCQ(C?/C—I) = XCQ(C%C—Q) + Wc(cgc—Q) + 5Lc_2’
X2(C, ) = X2(CP _3) +W(CP, _3) +0r,3,
XZ(Ch) = X2C))+We(C) + b

3 £ 5| X T Aadods, TAREE—8 X2(CO) HTR X2(CY ) AFZ,
L.—1 L.—1
X2(C)) = XA(C— Z W) = > 4
j=l
WA L+1<k<L.—=1@z, i X(CY) < XHCY) B fir, ZEFRENE, sk
Sk fr (XHCD) — fio (XA(CRY) #dfoivis AR+ X2(C), ) ok Azt X2(CP)

R X1(CP) i BRI S0 0 el ik AR §; FAE, #83EH,
X2(CY) — X2(CY_,) = Wa(CY)) (3.27)
Li+N} ,,
o Sl f (X2(C)) — fi (XH(CY)) : X2(CD) > XMCP), Lo < k < Li+ NYjo #5—
A X2(CY) TARTR
X2(C)) = X2(Cl_y) + We(Cly) + k-1, Le < k < L+ N,
R Gy & CY AR C) ZMME (61 = X2(CY) — X2(CY_,) — W(C2_,))e
7 i,

X2(CP.1) = XZ(Cp)+We(CP)+ L.,
Xc (Cgc+2) Xc2 (Cch) + Wc(Cch) + 5Lc+17

X2C) = XAC) +Wel(CRy)) + Ok

21



IR T Aawt, EAHE— X2(C) AT X2(CP,), RAFZ,

Ll+NC1’l LZ+NC{[
X2C) =X2CP)+ > WelCh+ > g
j=Lc j=Lc

HAHMY L. <k < L+ N, @, ws X2(C) > XH(CY) B f £F Mk, Bk, &
£ U (X2(C) — i (XHEY) 8 MBS X2(CY,_) A MERF X2(CY)
MAER X1(CY) BRI Y 6 R, it A 6, FAE, Hé
X2CY) — X2(Cy) =We(C)), L <k < L+ N, (3.28)

Li+N}

D hepin fr (XZ(C) = fr (XX(CR) #95 MUF RIS X2(CY ) b BLRIBF X (C, )

Bk, BB REHA, X2(CO) A0 X2(CO ) %A
X2(Cp,) — X2(CL,_y) > We(Cy,)

B HE, B st

1

X2(Cp )= Xa(Cp, ) FWe(Cr, ) + Ocy
A SN (X2(C0)) SR AXUEN) R M 22(CY), THEH
XZ(CP) — X2(CY ) =W.(CY._y) (3.29)

sk, 4(3.27),(3.28)%9(3.29), TiF4%

X2(C) = X2(C) = Welcy) (3.30)
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W (3.30)X, #HAAM 1 <1< N} #%E C 9RARET EHET R

N, Jn+N3,n J(n+N§J)+N2(n+N§J)
DG~ Dl= 4+ Y 2P) 2 )+ > j2%(7) = ()] + -+
j=1 j=Jn+1 j:J<7L+Né7l)+1
H Nclyl’ﬁ\
(3.31)
Jn+N2,,
o 2 i1 N 0/ -
=t D P+ 1)+ ik w(E) — 203)) (3.32)
j=Jn+1
J(7L+NL1,,Z>+N3,(n+NL1,J)
2 i— : O,
+oeet A Z ‘33 (‘](n+Nj)l) + 1) + Eg:}(wwgl)“w(l) -z (.])| +ee
j:J("'+Nc1.l)+1 Y
(3.33)
Jn+Ng
=t Y IXZCY )+ xinh, w(i) — 2°(5)) (3.34)
c\~VL;+1 i=Jp+1 J .
j=Jn+1
J(7L+NL1,,Z>+NS,(n+NL1,J)
2.0 i— . 0/,
+-- Z ‘Xc (CLLJFNCI’Z) +EZ:}("+NC11)+1U)(Z) -z (.])‘ +o
=T ent pFl |
(3.35)
J”J’_Nrc;),n
= | X2(Ch41) iz wl) ~2° ()] (3.36)
c\M 41 Zi:Jn+1w z-(J] .
j=Jn+1 N9
J

0
("+N(}YZ)+NC,(TL+NCIJ)

1 — . . -
+ot > (X2 (CL)As s We@) + iz (i) =2+

. J("JFNg,z
3:‘](n+N§ z)+1

Ax;
(3.37)

0
J(7L+Né,l>+Nc,(n+Ni.’l)

=t > [X2(Ch40) — A+ (3.38)
j=Jdn+1

n—1 -1
b Ty =Y Ny Li=) N,
j=1 j=1

W EX T, #HAA 1 <1< N, BHEC 8RR REK(3.38) X, RA—ERL#H X2(CP, )
B# 7] (A} She, AR R, & X2(C), ) F4A8I] {Azl} 6y P Aadins, BRAK
A ME,

i, HATA 1 <1< N}, BE C bikibtk, BRBILRAER(X2(CY,,)), BEZ M
The A @A ER(Tok), W EH Ll T, ARBEE O W ERSABEL C 1
B (NI = N, R FBHERRER EROM, TREH,
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3.3 #%& HiBinLegalizer 5k Vi 6) & 42

A —8p, KAME A A R HiBinLegalizer T 3% 89 sk 4242 B A# % 5, PR B169 s fE42 B A7,
AREBMENLE X CEMRABLGEHYGNRE, —82, BEIREZ LT SELY

BEBMMTE, SRk, EHEAMAHRER T, LHOLMEA, iy, &— @4
BBk &R E 21(k), BT h H—ERER TGS RALE (1) AT A

BERATE wﬁrzﬁhm)ﬁfz BAARAAEEREE, £1F2°0); & (1) &
O] {An =N P, AARRB AR A N RA @A KBRS AR A
A%, Axp £ 2(k) — Y5 w(j), aO(k) RARERA b MABRRBY LT o- B4R, KM,
HiBinLegalizeri® Fik 69X 7] 69 @42, F TBT69R5R 7], #H7| LBt SR Fiadk, A
A, HAR 3 FLEPASAR ) 2R, L AALKERER P F 4K P AL B aY B AL

¥ 45 # (median), # N BEBFOH AT, HART MO AT 2K, b Qn. B
sb, & N T EEF, [ M A—E A, & N ZEEEF, itk F MagEA R
18, 91 69 B AR 2B T R F 45 8 (lower median ) 4= %= 214 £ F (upper median)[16], % %3
B QpH Qu. —#mE, & N ABIAF, PR G T P Azdcfe LR P12 86d F3CF 93
(Qm = L1900y, BRTHA, PAEH N BRAS, BFRA=5 2 — R A= Z —
B Ak, & N 2HEE, PEBERALDA [DIa% & N 2mdey, TR Fadolsd
N ARAFH T ak, LR agRs T B sn I k.,

I BT R BARRE RS, BEHEAGRERE BB ABEAT, TR Py EEL EX
FALLERT R P, AR EARIBORA,;, ZEETR IR TAZHEZTREL
RE, ARTHIBGANBRERAABEORTRGEE, Ad, SELZRAGHE B TRE L
BEGMME RO HARE, Bk, KMR

Qm:aQL+(1_a)QU7a € [071]

A a A0 B 1 R K,
EFHAMACFRFALEG 51207, RIVEEY, LEH B EEARCREGHEDMRE
B, BIEHRLE, BEGSIUEEGELES,

I3 2. C 4B Cl9 A Nyow (EIBERA, BRAEEE quo, LHA—EREEL ; &
HEA@HETR, DGR, 0 RESHEEE (.., TOLTFHS,

q;last S qclast (339)
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Proof. 183% Ngast ZABEK, quase = aQp + (1 — )Qg, X1 F Qp = Qn 5 3| & # 7]
P={An} ¢ T RAELRFFEH o A0 5 1 9FH, wARERT
ficlast mirE & A

Nclast
Geat + Y w(j) > (i) (3.40)
j=1
Bk,
Nelast
2(0) = Qo + Y W) (3.41)
j=1

k= N clast

B2 s & {Axp}_ N{AZ; }ioy 89 FALE, B ¢, RASE DA LNcla;t+1J _ Ncl;st -
#, b Az = (i) — Zj-vjf‘“ w(j)e
#(3.40) X, quast > Az, HFRABERE o =14 a =0

Fa=1 Az; <Qr<Qu
% a=0, Ax; < Qg

(3.42)
THF Qu KA (T 4 1) 1A%, B ¢y LD Quo KRME o, ok Az, Qp KA
Moot _ 1 frggip BAs Yeost | foae EMRR Aa; <Qr, Bl Qp b AA 1A et i

BZ, Az > Qu, Bl Qu > Az > Quya; Azt Ndet tnge, w7

Qraase, = max{Qr, Aa;} (3.43)

QL < Qeost < Qu (3.44)
Ak, #46-(3.43)(3.44) R X, AF ¢lrusr < Qolase F35
(B3 Nowe ZAHH, quoe RHI P = {Anp}io0 o sy b iadl, kit bt | et
B W AABEB A (%, FI(340)K, 1 Avy < Guue, B, quow 1R T fmgra )
A N g, BERP KR A Qy. FRTRE AR, Q) W, BREL I Az,
Ay y € P, ks [Bdet] 1 Bopgr [Nt | 41 fadk, S ABERT %, %
Az; < Ay 1, Bl Az g KA | 2ot ] Bopgh (et | 1 sk, Q) = Awyy; BZ, %
Ax; < Axp,_q, Bl Q) = Ax;, BT H,

Q' = Getast (3.45)
Q' = max{Az;, Az, 1} (3.46)
X qél"‘sz {l\jj:\ QIL %p QI}I zﬁﬂ? E]ll’ba]_’,f%,‘ qélast S qcl”'Sty If%,‘éﬁo D
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Clast

Nclasi
{Awk}N last
P st

qclast

W oo

cp

Ny

Wep

P

Axy, At
Axl, Ax'?

qk
Wk

5| L& AR E

BRAE Clost & A2 B T 00 B

;ﬁ Nclast Jﬁﬁé%(?’] st 1 3 Nclast

4 Clost, 5T 4845 B MRy R IE A

BEEE Clost iy ok AudsE

B Clost (R E

AEEE

A E BHE AR AR B L B K

BEE CP R

BB ENRRES

% N ABERF AT EAEN EFRTRPIas
F A B AR AR AR B U AE A S, Ao R A B ERE TR Pk
% k AEE

B CF W ok L

BECF R

513 3.

& 3.2 b ER B IE LA

o e Y 1

HEE 2R

T, B ESE R
BETA,

% Ncp %{%ﬁiﬂ Nclast ;%"ﬁ’ii,

¢ [lm [mif 2 ] 1 [i]

L J

! C last

B 3.4: #% Clost 5-fR s m (BB E R — AR A B T, 4

W5 2 Jm, HAREE WAL RD| LR Ay BEE Clost
I(Z) - qclast S Wclast (347)
é\/\f’fb'f§> #%ﬁﬁi@'ﬁ')\fiﬁ_ﬂ??%@‘@g%ﬁg, (qé S qc)’ '6]‘ @‘ F]’ %% Cp @7?5_

BREmMAE S, ROVELEEEF M EE(domino effect),

RAVEIR B @B 722, FARREEL 1 AR F IR ER, T G131 LA RS 4o fT
AL PR S PAs, EMAETIBREBE

TR T &, AFRSLAAMERA 5, 4 R k4833

SE, BB
q.p = max{Az  Aqas } (3.48)
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Proof. 183 Clost &y m EBEAIRREE | MR, wB3 4T, Bk BB ESEINMB

N ast—1

I AEI| Paase = {Azp}.2 U{Az;}, £ARRE A AT, #EMAABRES
G — 1> Wau,1=2,....m (3.49)
AR m AR R EHETRIAAOMRESR,
O (3.50)

N, last 1

2 qn A¥F) {Axi o
W (3.49)(3.50) R X,, 1%

0 ER T, dh et g el g,

qH — (cr Z WCP (351)

7}%'%'?7‘[4}%%% 'fﬁ, 'fléﬂ;f:?%'ﬁﬂf"’]‘*/fg' qclast7 &/ﬁ]ﬁé:ﬂ qclaet - qcp < ch .ﬁ- qclact kﬁ/\i J 75/\
Nlast‘l g, e, £ P, = {Azy, — WPIhelo (3 s RAEISH T 6 4 F A5, LA M
ey AL B ),

A—rr @, L g N7 Ach Fo Aot Z B A quas — Axh, < W F2 gy — Azl > W,

AT
qclast . ch S Ax%— (352)
Al <‘qg=We. (3.53)
qclast - WC:D S qH - WCZD (354)

A’f?’;ﬂn\, Al’i S qclast - WCP, ‘h(352)£“—‘5j‘%p, qclast - ch ;k‘j- Pcp rﬁ’t;;, ki/:\ﬂ—'.]‘ﬁ‘/:\ % /ﬂﬂjlﬁ\,
B @, # Puw ®E, KARLNA D g Al EEOE R, b = gieo RZ,
% AT > quan — Wep, W(353)RTH, # P, @35, kit ol ] fofoph el gy

W] Py mE, KA % — 1, I Ncp LB gL, = Axh # EAT

q.r = max{Az?  quast — W} (3.55)
Ao < Gor (3.56)
O

5132 4. % Ny ZHEE Noyow £, EHGLE R
¢» = & max{Ax? | Aquest} + (1 — ' )qer (3.57)
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Proof. Bl L—3]132& 8, &RAIHEF
Qclast — ch < {cr < qH — ch (358)

H Pl F, g KA TS L1 i DA R H Py @ E, o AR N
{878, Blst g AR BB EAEE H 6 ER P AR, S RA et IR e Dot R0
B8R, # P @E, 4 Ao, Rz Nt 1 @A, b N2l 41 @R Axl | < gw .

% qclast - ch S A-Ifn_l, Ellé](358)j:§-'f§_
Qotast — Wer < Azl | < qy — We (3.59)

B, Toedt P, @5, A, kot Ddot=l s Deten=lggag 13 Ag? | RFRE
tad, #aah Dot gy Nt N pmsg 8 2% Guaw — W > AP, ¥ P
FE, Quast — Wer K7 D=L 4858 it B2 4 1 48R, # Py MF, quast — W K34
Reter =1 fgag e Dot =L 1 B, AF Gane — Wor R TRV s, A4S Dot tler g
IR e kB

Ak, £ H% 0970 BEAFEAILE B

¢.» = o max{Ax? | quase — Wa b+ (1 — a')qew (3.60)

g]ﬂ 5 NCP %U Clast %‘7‘%4‘%:%!(5%7 i%ﬁfﬁé{,{ii%
qor = & max{Az" Az} + (1 — /) min{Aa¥,, Az}, o € [0, 1] (3.61)

Proof. F13133., &AW C'*! ok m ABF FAr— IR E A i ARk B R E S EI| Paas
RN (e {A$k}k <t A {Az}e 4 qr AEF {Amk}N"“t WP A, mA AR
Ui FEEET, HEMAABAESR LS m BEERNEFETAAOMRESE £5 (3.49)X
$2(3.50) X,
Gm = Ger + Wer + dov
-1 = qm + Wem + dp1

Qm-2 = Qm—1 + Wcm*1 + dm—l

G =q+Wea +dy
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=Gt Y Wat D d4de, k=m—1,.,1
j=k+1 j=k+1

W EX T, % N R4HPESA [N 41 QABAD o, % N ZBERESH 2
TAHKF qov, B qp 5L KFE Qoo BRI Quase B Azl Fo Azldst sk, SAREEL | MEK,
Getast — o < Wen, Tk, Azl — W < qov Al§ = qr > A2 + We 2% Azl — W <
Az, B Py mE, Azt — W Kb it NC” 1878, H it AmH = Aglest — W, &
ER g, ks Dt g Rt e gz Adlet — W > Adly, Bl%
Pewe %, Aaby R Jelost 1 pn Dot tmam pge Aol = Aah R ERPas, R
Mot Notast 1y g Mot ltest - ApP — min{ Azl — W, At }; IR, THAT R4

#, Az? = max{Azl®t — W, Azl }, O
5132 6. % No AT Nyosw A1BE, PIATEZHEEIEOLERE
Qv = Qer (3.62)

Proof. v £—35| 2T fa, Aivlffwt —Weor < g < Axl[?t Wer, B Puast M5, o RFS -2 N“”t

de Redost g Rk g kA BANAO L | Ag5A, H AT oA AT 5

qu ='qcr

3.4 MBI HIL

H4- (Grid-based )i F ik AT 85 £ AR ARIATEE B, #HIRE 2ok b BTR AR X
BE]E, RABHZNRDNMEAZTRASH S, ARLAKKE S TURBER LGB
¥, H—EHELHEHREEMAEGRTIL(Aspect Ratio), /£ FIBRAHEKIT, &
BAMGRTI, BHTRA LI, TR, FHRAZ B K iRk, 8RR A
B REA T BBA B, kT h AGIEEEARE R By Ao s, LHEX TR
%, BHsb R I LTk T BB K DA R @B R, ARBEHED) Z RIITIFH,
b B3.5. 5%, ok A M AME 6 &k £ (legalizer).,

)%
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Chip Global
Lieﬂ.g/n”ﬂw” Cell Info. |

v

[ Grid Bin Size Refinement } H
v Select the highest density of

/ Output: / N unlegalized bin
Grid bin size

4 @ Yes | Bin Merged ]
[ Uniform-Bin Construction ] Procedure

[ Cell Density Analysis ] [Legalization Procedure ]‘7

v

has unlock
bin?

3.5: HiBinLegalizerts ik 4% 69742

I
I
\/

3.4.1 kR

TRB ARG BREY, MAEENEER T, ARBABEEAMRT, AL ASEY, T
Bide, EENH)HEHERESFNGER, B, HERIMER RS ERG9KT,
e gy BT HEN T TG EEstdy, BEgAhfm, TEEVEREREANBHE, BRI
A& mAR A B LB A B EARA M B AL, 2R AT RILTR, wB3.6./77, A%
W, Th BTGB SREBFRGBHELRNGLT, AF, —BHRFFTAHFSH
E&, 2R AKATA—ERLIL, WG fThrTRITIL? MALE L T FEMGHEHE?
EMB BB EE RO FHRIL, AALBRENERY, BREFLRE FLTRA DM

B, WERMTUE, LEEEMRZGRERLOMETS, LVERFELHHEH S A
Ko Bk, EAVF]A T35 (weighted average) K RIFBE AR, It F3589% Ko
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i""% Boundary of chip
"} Grid bin
Bl Macro
cell
B 3.6: RELEGTER
T
5 _ Wt)X(t) + w(t2) X(t2) + -+ w(ta) X (tar) (3.63)
w(ty) +w(tz) + -+ +w(ta)
S wl) X (3.64)
p— M ’
> iz w(ts)

P w(ty) R ARMEM, X(t) ARATH

X N BREEAI M BER, & Ageriap ZES T B N cells MR R aAr, ms
B owty) F75 1+ Appertap, X(t;) BE R4 89Tk R TRE M98, W F2 H,
I, W 3.6, BT ARRAGLR TG REEE i3], G020 8 kR
5|, B kB SR, BB TR EA TR R, kA,

W, H
AR =t =_ 3.65
o, (3.65)

Ed W, #o H, 53 EBAKGLEREE
3.4.2 HEABRE IE

THEBRMELR, M REEARE RS KT, RESISHORFE, SHEMR
agEAE K BARAR R B BB IR TR Y, A, b2 F M Lo 0f Bk M 69 AR 4
BAAEKAM, A, HACSBREREALNSHESR, LEFMERMAL, Ak, KMAK %
2 4 BT AR B A K A F B B (maximum merged-bin), V8 &35 BT 48 B AR IE,

ok, A G, o Gy A EA TR g5 @il TH; SR GHTATR G, x Gyo
RV B E AR, B8 5 R, WRRKESFERAGIZERELMER, Thkh Iz
BB Gho A Gyyo Bl 3.7 AARMAM B KA1,
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G=1 G=4 G=9 G=b?

‘ HERR Y
G=25

3.7: aAER Ak

3.4.3 RTHBHEE

AT— B, AV — BB Gy X G o THRAEE 5 6934, RAVEE — o) bt
BHIBRE RARBHEN, ©TX

(Gb@ — 1)(Gb,y — 1) < Gsz < (Gb,z -+ 1)(Gb7y -+ 1), VGI, Gy eN (366)

EF G, 2 Gy 7B BAKFAodlE a9t TH, ROFZEE—EEGEGETRT, 45
G, #n G, BEA— BT Rt AR AABE sk, KM RRLE

‘AR — 7“| 4 b|Gb’xGb’y — GxGy’

st —
TR GGy

(3.67)

2R

<

(3.68)

EFafe b A0 51 69FEK, Ak, ERAKEEMT, #HAATRY G, 2 G,, Tk
HRAREE G, A Gy EAREBTRT,
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4
TBHER

A AbacusA & HiBinLegalizer T3 4 689 &k Au 7 ik A C++ 89R KB Z H A, £ AHAT
#Intel Xeon 5160 3GHz TR 2 H | 32GlE M AR TEsL, A TRETRER, &M
AR B B 88339139 (International Symposium on Physical Design, # & ISPD)[17]#7
T 69 RIKE X, i AUANTUplace3 [2] PTARE i 09 234 RAF B &AL K893,
WIF HiBinLegalizer Fr32 69 77 % | & XA B EAE 0.97 Fo# R+

(= E[SHW (4.1)
G,

= (4.2)

EF G, F= Gy 5 R BKF 7 e d b H@RIETE, T Ny, £ 70948 EE, bR ME
F HiBinLegalizerk & #Asti e &0k 5, B RAVHA R AT 6901 77 ok, R i s R 4%,
B& XN HiBinLegalizer,

B &4.1 71 ARRERBGEARL R, £ F“Chip Width” F» “Chip Height” 45X & &4 K
8RR EARE, “Num. Rows” ;Tda b L&y 2| ME%, “#Total Objects” &FTA 8 F LMK, &,
SR REEARTALL THE L, “#Mov. Objects” £ T # o2 E L EHK, T
BREER A A3, RA2FE ALY, W% BRRE K L. W= 3 W & k3 Abacus,
HiBinLegalizer, #=3& N #5189 HiBinLegalizer 7 % 69 B B #4%, & .4.3: BEET L
FACH] % 09 4845 B F (total movement) & Ffx, &.4.2: AT AGRRRELGHHF, R E
R A $F (maximum movement)#& E 45, %.4.4: $ATH M (runtime) EAZ BA(s); MLz
BB B A AR = B w9 6 BAA R VAARAL v PT A 69 g,

A @ 3R & 8 HiBinLegalizer 77 %, #4505 B 69 275 i@ &AL $#ATR L, BT R ARk X
H ) F i mEREHSEE,; AR RMATIRE ¢ MEBHEICES B £ HiBinLegalizer | #4848
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’ 2005 ISPD Placement Contest and Benchmark ‘
Chip Chip | Num. | #Total | #Mov.
Circuit | Width | Height | Rows | Objects | Objects
adaptecl | 10692 | 10680 890 211447 | 210904
adaptec2 | 14054 | 14040 | 1170 | 255023 | 254457
adaptec3 | 23190 | 23328 | 1944 | 451650 | 450927
adaptecd | 23190 | 23328 | 1944 | 496045 | 494716
bigbluel | 10692 | 10680 890 278164 | 277604
bigblue2 | 18690 | 18792 | 1566 | 557866 | 534782
bigblue4 | 32190 | 32328 | 2694 | 2177353 | 2169180

% 4.1: 2005 ISPD #E& st & 69 83X E %

A o &R PUTIRE, BRE TR G T RILKEABERHEBHTOTE, &
HBRIGEB I FTRIUTREG T, ERRBHZHTRERF, AMTAFIRHYHE
BB B GHEE, RmEEBadapteclFradaptecd I R P H AR KB E LR AR
&, SbREAED, BRAGSHZTOREEAKR ALY EET L, AT RIthe 7 £ M
PR ERARREBE A, AR ERAHIKENGI| L, BT T RER K437
BREBHE LR ARETRERGEK, AT FAGBHEAEIK, RS HFH%E
A RRRREALF, ATRERRAAF, ROVIRGH HHANH ERGIATH MK
7 HiBinLegalizer, 1248.4%%)% 1\%~HiBinLegalizer, /RE frik T # K Neg@A2$, KM
T MAASEE, i Abacus, AT M E ARG KR E AT @ik, £ F T
B fE ¥, Abacust€ £y @ A4 IEE F 09 H], L3t sy 7 @i RARR B F N RAR 6 5,

ARFRF, MR BN T oy 51 b8 F 695 F], R KRB EHATRE, b5
ERHAEER A AR ERSHARFR RSB, RFABHZE |, AR TR AL E

N, Ao B, R EE R Abacus 124845 82 47/ 7 Abacus, /R B &5 HiBinLegalizer 12

BRAGET, BAMSGEBLH, AR TRERZASHEE R, LWELBAKERE Y, 12174645
LR S
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circuit Abacus | HiBinLegalizer | Our | Abacus | HiBinLegalizer | Our ‘
adaptecl | 7.29E+02 1.02E+03 2.65E+03 0.28 0.38 1.00
adaptec2 | 2.60E+403 2.49E403 2.49E+03 1.05 1.00 1.00
adaptec3 | 6.01E+03 8.95E403 6.67E+03 0.90 1.34 1.00
adaptec4 | 1.94E+03 1.90E+03 4.07E+03 0.48 0.47 1.00
bigbluel | 4.59E+02 6.93E+02 4.90E+02 0.94 1.41 1.00
bigblue2 | 1.14E+03 6.71E+02 1.13E+03 1.01 0.59 1.00
bigblue4 | 6.19E+03 8.86E+03 4.92E4-03 1.26 1.80 1.00
k42 BREBAZRBHZTHLEER
circuit | Abacus | HiBinLegalizer | Our | Abacus | HiBinLegalizer | Our
adaptecl | 4.88E+06 5.98E+406 5.98E+06 0.82 1.00 1.00
adaptec2 | 9.78E+06 1.03E+07 9.83E+06 1.00 1.05 1.00
adaptec3 | 6.99E4+07 7.64E407 5.67E+07 1.23 1.35 1.00
adaptecd | 1.78E+07 1.62E+07 1.49E+07 1.20 1.08 1.00
bigbluel | 8.91E+06 8.98E-+06 9.13E-+06 0.98 0.98 1.00
bigblue2 | 1.64E+07 5.55E+06 5.47E+06 2.99 1.01 1.00
bigblue4 | 4.29E+08 3.73E+08 3.53E408 1.21 1.06 1.00

& 4.3 ZRBUMBEH TR ELR

circuit | Abacus | HiBinLegalizer | Our | Abacus | HiBinLegalizer | Our ‘

adaptecl | 11.16 1.94 21 5.31 0.92 1.00
adaptec2 | 29.83 2.74 3.14 9.50 0.87 1.00
adaptec3 | 81.71 11.03 10.22 8.00 1.08 1.00
adaptecd | 54.69 6.51 7.59 7.21 0.86 1.00
bigbluel 9.83 21.51 20.33 0.48 1.06 1.00
bigblue2 | 47.70 5.28 6.76 7.06 0.78 1.00
bigblue4 | 1994.67 732.71 573.15 3.48 1.28 1.00

A A4 AT M (5) B4 R
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SR, &AMVE B HiBinLegalizer FTH% 89 % 442 B Mok 5 AE 583 Loy 9o A7 d23tsh, &Y
SRR BT RATO A RALE, TAERMA—FREE LA L Bab bk, il M —FHAREE
AR R BRGHE, BMLRETRMETE, HAKRIKS PGB, (21FK% 5]
8% kAR E BO(n)EBO(1), &k, RS R HiBinLegalizer 8V & XihAs, h THRE
M55 ¥T IR B3 K AS By A ARAAAS By A0MR A S AR ML 5 SR sk Aaas e bk, iR 88
784 TR A B AL R e K1 BB 3R 0 BT BT ARSI B A0 s B e A48, S s R Y
AR A MR T, BRI ABISRIATER F, Ad, RPATIREG@EHFILE, T
THRELMG SR, FRERBAT, JEERMGEBATLT % PTR B %R, Ak

BR[L]PT4R i e 48 R, T 39T k51,0845 B 485 T8 W BT 39 Ao i AT IE B 21,2548, JR3,
ALK 0 KRS R <F g T AT HE
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ek A
M 4%

Z 3 1. Given N, ordered cells being consecutively overlapped in a cluster, indexed from
1 to N,, with the ordering preserved constraint, a positive weight e(l) for each cell I and

a real number p > 0, the optimal solution for minimizing the following cost function

Nr
> e’ () — =) (A1)
=1
must satisfy
() -2 —1)=wl=1),1=2,.., N,
Here, z(l) and /(1) are the bottom-left-corner x-coordinates of each cell | in the global
placement and in the legalization result, respectively.

Before proving Theorem 1, let’s introduce a simple lemma.

513 7. Given N, ordered cells being overlapped in a subrow with the ordering preserved
constraint, after legalization, if the J-th cell is the first cell whose left-side z-coordinate
needs to be shifted to the right direction of its original position, the left-side z-coordinate

of each cell | with | > J must also be shifted to the right side of its original position.

Proof. Let (1) and 2/(1) be the left-side 1-coordinates of each cell [ in the global placement
and in the legalization result, respectively. Here, we need to prove z’(l) > z(l) for each
[>J.

For cell J 4 1, in the global placement, we have

2(J+1) —z(J) < w(J), (A.2)
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After legalization, we have
2(J+1)—2'(J) > w(J). (A.3)
Subtracting (A.2) from (A.3), we have
Z(J+1)—z(J+1)>2(J)—z(J). (A4)

Since 2'(J) > x(J), (A.4) indicates z'(J + 1) > x(J + 1). By the similar way, we can

conclude that a'(l) > z(l) for each [ > J. O

Proof. (Proof of Theorem 1) Given the J-th cell being the first cell which satisfies 2/(.J) >

x(J) and according to Lemma 7, (A.1) can be rewritten as
Zr: e() [2'(1) —x(D" = ) _e() (x(l) —2'(1)"
+ e(l) (z'(1) — z(1)". (A.5)

o« S ell) (all) — /() () < U AST< T 1

After legalization, each x'(I 4 1) can be rewritten as /(I + 1) = 2/(l) + w(l) + d; for
1 <[ < J—1. The d; is the distance between the right-side a-coordinate of cell [

and the the left-side 2-coordinate of cell [ + 1 after legalization. Hence,

2(J—1) = 2'(J—2)+w(J —2)+dys,
2(J—2) = 2'(J—3)+w(J—3)+dys

I+ 1) : (1) +w(l) + d,

Summing up the above equations, 2'(l) can be represented as

(1) = Z w(j z_: d; (A.6)

To minimize Zl Le(l) (z(l) — 2/(1))? is equivalent to maximize each 2'(l) since
/(1) < z(l). Furthermore, according to (A.6), to maximize z'(l) is equivalent

to simultaneously maximize 2'(J — 1) and minimize Z * d; for each .
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Taking d; = 0 for 1 < j < J — 2, each Z}]:_zz d; can be minimized to be zero which

leads to

) -2(1l-1)=wl-1), 1 =2,---,J—1. (A7)

Therefore, we can conclude that to minimize 32" e(l) (z(l) — 2'(1))? is equivalent

to maximize z/(J — 1) under (A.7).

After legalization, each x'(l) can be rewritten as 2'(l) = 2'(l — 1) + w(l — 1) + d;_4
for J <1 < N,. The d;_; is the distance between the right-side a-coordinate of cell

[ — 1 and the the left-side z-coordinate of cell [ after legalization. Hence,

Z(J+1) = 2(J)+wld) +dy,
2(J+2) =2 (J+ 1) +wlJ+1)+d,

PO\ = =D+ 0l — 1)+ di_y

Summing up the above equations, #’(l) can be represented as

-1 -1

() =2 (D) + ) _w(i)+ > d (A.8)

j=J j=J
To minimize Y1, e(l) (2/(1) — 2(1))” is equivalent to minimize each '(l) since
2'(1) > x(l). Furthermore, according to (A.8), to minimize 2/(l) is equivalent to
simultaneously minimize z/(J) and minimize Zz;lt] d; for each [.
Taking d; = 0 for J < j < N, —1, each Zé:, d; can be minimized to be zero which

leads to
270 —-2d(1l-1)=w(l-1), l=J+1,--- N, (A.9)

Therefore, we can conclude that to minimize 17, e(l) (2/(1) — x(1))” is equivalent

to minimize 2/(J) under (A.9).
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e Hence, to minimize 17, e(l) [2/(1) — z(1)|" is equivalent to simultaneously maxi-
mize z'(J — 1) and minimize 2/(J) under (A.7) and (A.9). Since, after legaliza-
tion, 2/(J) — 2'(J — 1) > w(J — 1), it can be easily to conclude that to minimize

Nee(l) 2’ (1) — z(D)|P, 2'(J) and 2/(J — 1) must satisfy
2 (J)—a2'(J—1) =w(J —1). (A.10)
Finally, from (A.7), (A.9), and (A.10), we have
d()—2'(1—=1)=w(l—1), 1=2,--- N, (A.11)
O

Z I 2. Given a discrete random variable X, E(|X — «|) is minimized by choosing « as

the median of X.

43



