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Abstract

This paper proposes a mixed-integer programming model for global placement of integrated cir-
cuit. The global placement problem can be defined as placing electronic components in a desig-
nated circuit board, with no overlap and compact arrangement between these components. Com-
pared with existing analytical placement solvers, the model we presented can accurately charac-
terize the Half Perimeter Wire Length (HPWL) objective and the non-overlap constraint, which can
obtain more accurate placement results and avoid non-precise solutions based on smooth approxi-
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mations. Numerical experiments demonstrate that on medium-sized datasets, the proposed model
can fully satisfy the non-overlap constraint while achieving a relatively small HPWL, and the ob-
tained high quality solution can serve as a reference for non-precise algorithms. The proposed
model performs well on small to medium-sized placement problems and can be applied to prac-
tical design problems such as vehicle-mounted chips or Bluetooth chips, with good application
prospects.
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1. 5l

Hrabr Hm oy EREF K BELZER TR, X AMNRAEAREHEIRZ A MmN HENUEN
A U FER R AR L h R B T R BRSO RN E RO AT I SR A 2 & ML T e, lan
CPU, fHiifid}, ¥&iildesd. XL 7 IofhaR2 S MR R d AR E B, T ENLIIBAT AR Ak T X 2
ML oA TR RE 7, JC R T CPU RIE & BT il (A 1y T BRE ) o 8 A P X L it oo B 1
J& — M AE R L (integrated circuit), HH T 63 B FIHROR B, ife) B 3 18 X Lok &5 1) oo e —
AN IR AR R (1 1)

B BTG R — AN R B K IR, KREeiERgwt, BEiih, ki, 80
5, DIREGAE, HRAPIR]. A SO SE T IO HRAR T B Rk, MR E B E R R AT
JE I D R TBORAR E ED B R T, AS F oo VR RE R [FT I, DhARAN B ER AR R AT AR D, A ER
BT ) 3 ERARA A BRI, R, WA R A BRI 0 e A0 B XK, 110 i, File
FANERRITCHIALE, B IR 1R R BB TR VAR AL E, WA AR, AT R
th, LESHA LRI BArmit. MEEER BB, SN ehEE, ThFEREE s, MRIER
QIR AT R R I 2R AT I T A (rack) RIS AR, (LR KA, I ThAE%, BRI 2 . 6 T4 5
WRE, XA LAgr N4 R R (global placement), &ikfb(legalization), 447 J=(detailed placement) =™
I3[0 2R e R A E 5 e AR B R e AL B, A BAR A A, ThFE, AllbEMsE, 4
INFERBERAW. AiE T 2R oo E A R R E AT, e K EL M T7 1A, PRIES
JCHTHLER ThREIEM . VEARAN JR /2l AT B oo A He, N, BT, WAy Ly rfh g Rt —2
Ak, HnZEREIcZ M ES . ERITERE, TEBOTERIRA L) #ATHbE, HlEd 22
ZIBUAE rER AR EBEAT PR 2D IR S S O B AR, e A AT S e

AR FERVERE BB B TP R, R e BUA R AR ) 4 R AT R P BRIV N BE AU R . ST
T MNRE BRI o PSRRI 20 1 J K 28 K (HPWL) F G H2 B 24 3 (non-overlap) [2], 1X
PR bR AL 22 X0 £ 1 LS PR R IR Z B s, B /N AR 2 KAR R 5 B 3l 2 I 3 22 5K HL vy vl i
T HE MR REH DFEARM IO (TR e, 38 I SR AR VR & B B RIS 280 S 1) 42 Rl FL 68 A
Ja i) BT SR A, LA B AR A I E 1.

ik
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2. B=

ASCLL CPU R FaAR RS A, U B — A2 R FL I 4 Jm A =) (0 Il JERN S 55t A ORI 7 2R
O RN b 8 . R ENLIT R AT S A R B, BT ELE S B A R A R
AT YD ER B 0 A R A SE B 24 RN R 5, S0 AOTRIRRALE 100 mm?® 2247, SHFEAESE BC . 8% SR,
PR S A PEREAR 25 I TR ARG T g (performance), Th#E(power), THiAR (area) [2], s A RFE A& A 50 411
PEfE, EARMITHEERURLATAE/NMOTHAR, A TR X = AN KRBEFR RN PPA #it HFro

N T IRBIEALER) PPA Fabn, %R A AR R BT R S S Sk . S B T
HIHEZIFR A0 =) (placement), A = B I 0] B G I HEZIAS BIR v RE Rk IR SRR . HEEE
SRR N, BEIHME KL K (Half Perimeter Wire Length, HPWL) R E S & RFES), @i i+
TCZ A AR R, RAE A% 2 (8] JC 5 & (non-overlap) [2].

R R PR AT R I R S, 25 58 R IR J TR0 8 T AR A o A A P RS /N R A 1) 2 T
MERE, H iR R XN S, — RS, SIEERMETEIR . e IS 2 R o E
B, WAL, By, ThFESEIERE, O filiE i 4 gt F A RS SO (nodes file), AR 4215 i
(netsfile BJJZ& P SCAF) AL B35 AR X L8 A5 S HEAT A1 Jm) 1) R P SR Ao

CUA BRI UE B, A0 5 1) R NP-E vl . [l N AMG VR 22 56 T J) il 00 SRR SR, A — k&l
BRIV KSR RESENE, B PRI 20 88 T V0 SR AR AT SRy TR [1] o ST AR SRR DR AT Jy i) el ) 3 7 V0 R T e
TP AT SR SRR AN T 5 Ak 7 ST AT R R

21 ETRTEENTREE

LA NTUplace3 [3], ePlace [4]F1 DREAMPIlace [S]A4RF A Jay oK fift 2% # 2 fift b A58 2L K SR A7 J) ]t
XA R R — At KR K R, IFHE S — N EEREBCRIE IR R CE S AR XY
THRKIGH, X=FEPRH T — 88T E K LK MO, NTUplace3 51 A bin (—F;
PRIVEETE X IR)IE AT E B LW, ePlace 5| NP3 i F I MES:, o B 20 ik o 77 A AL
DREAMPIace {8 1 ePlace i H b7 AR, K AT JR) 1) U A0 Dy — AMWLAS 2 20 Hh SR 40 2% bR 200 /M ) 0] 73,
I Pytorch 1X 28R FE 5 ST HE 22 s BOR ARAT =) i BRI F 6T AR 70 mT LA A 55 ok B0 A SR R 2
SRAGAT J3 1) 8o [RIEE, A 7 SRAR T AR A 1) 3L, T AT g 72 2 o ) 22 20 SR 2R AR SR AR B [ 11 Aok 2D &
MR AR I =4, FEEOCIEBAI SR L, % BN PR R [6] R ZA N7 S L0, #H—5
PR AR () Y

MSEBRL KA, el A BIER T z (A FHE AT R SR AR o EDGTEA BRI AN R g, T R A
2 B3 AN HBIAG R, eI B SARAl SE BRI KK, HRBIAR AN RE 78 4 L bR B
T AN S . BRI G SR T DA EE B S 200, A LK TR, fE 4 R R B b BT TG 55
A0, WEERRAESH 28 aE. HE Dk bt 2 48 AT AL 1 A = S5 B R R i e,
W) T BL_E ST O R SR i AS LePlace Al K JL K PowerPCB 25 9403, AT LASZEL 7 nm #ilFE H0 Fdit
A SRR o IX A TN Sl A Jo SR e 2 DU IT AR BN 32, 7 4 JR A SR B4 31— AN B8 AR W) 4h
iR GE R KK T, 2 Gl Ay AR VR0 A = 1 5 e i A5 B A& 1A )=

22. BT BUFINTREE

2021 4, Mirhoseni 5% AfE Nature b3 Hi FH 3806 5% > 1 75 A [BR AU P e i v AT Ja) el L, ST
& T RENCAT R R U E BRI — AR e 2 STk, XA R 45 SR AT S o7 >
MR —ANGf (AT Jo B RE A Bt Je 10 B e AR B N DU, 8 R B St i o — #8 oc il an 170
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B AL B, 8 5 A oA A = 353245 1 Force-Direct i 5E He BB TN B, IRAF S 4 (040 )R 45 51

SR ST NEM EERBLET, ZEAR RN R —A 2 A8, 52300 AMUETLE
SR A UG, 7EFARRIIR bR A A B BT SOEE  AH B TR 0, B RS Y SR I A T,
BB fR2 B L T AR SEPR R . B, %A 6 NI W TUARZIS A Ras 8, Hk
fife 5 & AT LRI N 28 T 5K 24, BI¥ HHAE Google T — 4Rk & 4L 3 25 (Tensor Processing Unit, TPU) )& it .
R IR SC B A 3, XV 5 KB 1S A SR B AT I S, T B BRI A R S, 1t
RN ZARN w5 5 B et AR ZRABLE B iz Ak e 2156 A e R % .

3. — A BNEAE S BHMRIER
3.1. #EAERH

AR YR S B RON AT 20 8 5 o 10 4 Ry A Sy 1), A JEL i P 240 060 (L bR HBOR AR TA A
K&K, FFELFIAN L 0-1 BENEHRIEHITL BICE B AL o AR ] 4 o A7 =) 170 8 PR 4
A, P L AL A B R AT DA B SRS B A, AR Bt B A IR Rk . [N AT DO AE
RS IR SR

3.2. HAEST

3.2.1. FFEiAR

Oy B P HL B 4 R A ] R T AR RO A, E H (VL E) R — M R L, 1A R X
PIE RIS | ={1,2,--,n} o HHV :{vi|ie |}2%%%E$fmﬁ@%ﬁ(ﬁ%té%é}% cells, &
BATEERNETT), E={efic !} REM(nets) S, XBMLMILF T HIo2 A&, LA
B 1) — Sl o 1A Jmy DX ) e A i 23 0 A WAL HL IR E W :{Wi|i € l} 1 H :{hi|i € l} 3t E cells
TCEF MR BV, ={x]iel} AV, ={y|iel} REAHITHIF L ALTE.

A ey 0] R ) B R A AT DR AL (1) 30k, Hoh 2ot @ 0 e B S I R RS s R, B Bon 2 [Al7E
AR E R ARAR A S, B BRI AT BT A AL AR B AR 2 72 IR 48 HE KT 1> .7 6 B
B2 A

minHPWL(x,y)::Zmax{xi—xj|+|yi_yj|}
ecE ViWVj<®
sty = x| 2w orly,—y;|=hyi= jel )
(X,y)eXxY
W, h +h.
Soob, wy = =D Y AR

X Z={X€Rn£_
2

h

) h .
Y = R'—‘t<y <H-—iel
fremfhenen-tic]

3.2.2. thikB#r
MR R, T 2 BARREARHEZ T, SIANHNESE TR o, B B HIRRHES, HH
TR, 75 BEAELZ R I KB Z R FE R~/ ME B AR o
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miny" (e, + B,)

ecE

st.—q, <X -X;<a,V(i,j)ee VecE
B, <y -y;<p.V(i,j)eeveecE ¥))
|xi —xj|2vvij or|yi —yj|2 hyi=]jel
(x,y)e XxY
LABS— 262000 BI, X —x; B, M —ar, 4280, DRI o, BURO/IMERT, BAtRRE |Xi - xj| VELI NG =)
B, 28 2RLRFPEAT1S.
3.2.3. B4R
FIFEMRR (L), 9 T R LR I AEXHEART 5 AP AL R 24 or 125, FTUMERIK M %9
GIAN—LE 0-1 AR FAL B . E XS o H S A R EAT A0 T AL B,
x|

W—ij._|xij|21or %::hijpl 3)

SIAPIA 0-1 A2k py,q; € {01}, (A3 R AT or MZAHA A Eor, HEFREAT.
—(My +1)(py +0y ) +1< X <—=(My +1)(p; +0; ) +2M;; +1

4)
_(Nij +1)(qij - pij)_ N; <Y; S_(Nij "‘1)(% - pij)+ N;;
R py.qy [ TI2EAE ] (3)FI(4)7E 3k LR,
(g0 )=(0,0) >1< Xy <2My +1,-Ny <Y, <N,
(g0 ) =(0.1) > —My < X;; <My, =2N; —1<Y, <1 -

(PG ) =(L0) > =My < Xy <My 1<Y, <2N; +1
(P %) =(L1) > —2M;; —1< X, <=1L,-N; <Y, <N

DS — B, (.0, ) = (0.0) I, [X,|2 1ML, SEITMEIM=AFb, TOLES(p,.0,)
R 3 T T T REROTTE, I ELS ()RR .

3.2.4. WEFER
25 b AR AT DU ST 40 R TR A RO R
minW (x,y)=>(a, +5.)

ecE

St.—a, <X =X Sae,‘v’(i, j)ee,VEG E
B <Vi—Y; S,BE,V(i, j)ee,Vee E

Xi—X-

—(Mij +1)(pij +qij)+1§ - J

ijj

<—(My +1)(p; +0;)+2M; +LVieV,vj eV ©)

—(Ny +1)(a; = py ) - Ny s%s-(Nij +1)(qy — py )+ Ny Vie V. VjeV

]

P Qi € {O,l}

A B BR R M, N (0 P, AT BAIUR 2400780 KL BI04 My =W, N, = H
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4, ¥IESCIE

FEHUE ST, FATE Linux BRIERGUH A C++40 S EUETHAER, I CPLEX /FviR & 4L
FRRISK AT oS98 2 B K SR oK B S BRI K =2 4597 (1) GSRC [9]41 MCNC [1018# 48 . BATXS b 7 AL
S TR A B AR B R A (A R A BIROR . SEIREIRRYT, el (R RS B MK BBV, H
WA e BRI ITZ MM E S, SRIA S BRSO BRI KA AT T, W MR g 2 B80H
HE, MR T AR E L fE

4.1. HIREHA

GSRC H1 MCNC #4faE /& i %5 BORUR #4547 1) — A s g oA Jm Bdls S . RATTEL GSRC 1) HARD
SCAFIE TR n10 FEIMMEE . B R AN EA LS AN ST n10.blocks AT n10.nets. blocks SCAEAE i 1 HIT
M52, Hoh—SFRA 2 TR T iz 4 AN E R, HAMBITRITASHE N 1 5N 1
MIIETT T, XA SCAE A TR 1 RS S (nodes file). A B4 S Python Fe b A7 FUALER AT LATHSE
XL BT ) B, AR RET blocks SCAF. BB AN nets S, IXANSCARAEGE T o2 BIIER: . —A
net BRI E& T4 TNRTG, [FET—A net WP ITTHMZ MEAER, WECFIMER, &1 net
R R — il . XA EEESE N HRAD I SOFT #ii4r, HARD #7r B 7 B0 K/ e A
AARR), SRER hERATE A HARD #4310 «

42. HELER

1 RSB R S aG 45 1, BATIEE T n10 HH1, XAEEIEE 79 N HIt(cells), HHH
10 7 .75 (blocks), 118 AMZiR(nets). YT ERAT S SCBR[310 752, A8 411 BR B AL R R 2
PORME. 1 1 BRI R AT R X B A R, IR AT R X A e o HL By AR AT = X3 K
Ny IR T BT E AR . BTTHIERBON(O, 0)TFaR, AEA TAREITIAE, AR 4h R S o ) AL A
(-100, —100)JF4fi - MK 1 G 21, Yot R4S 2K K 2 KO 19,233, EZ E R IR ST 2 (8] 547 B2,
O ITZ M E B R R . BIRT] AEVEYIA 5 55 5 SHit R AR B G, (B2 HOBTR AR AL I ok
B, BRMERERAZ A m RN

2 RAE AR R & BRI, Hrp R AR bR SCS 1] 1L ARTE, By X5 1 1AL
ARG B R E KO 19703, Wi TOLTR R 2K, (BRI HE RIS T2 [ 5e iy &,
N R LRI, ST R AT R R EH N R R R AR . AL CPLEX SRR & B4 L)
IR (S 1) 2 ORI AR TR B TR, BORAG 21 1w SR RAT SR A R, (ER SRARI TRl it — 2D et

GRSC n10(79 cells, 10 blocks, 118 nets): hpwl=19233
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Figure 1. Smooth model result on n10 benchmark
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GRSC n10(79 cells, 10 blocks, 118 nets): hpwl=19703
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Figure 2. Mixed-integer programming model result
on n10 benchmark

E 2. JREBEMRIEEKME n10 EH

5. &hig

ARSCHE T — T B Bl R R ATT SR VR A B ORI A, TR (0 5 R R 2 1 A S i AL
REEZR, R RMEEBLAR . ESLhRNAT, TR A RESR, ML T Ca R
HridAn RSk A SCHR M AT AT DUAE 42 JRy A SR B e 4l e B BLIH, I ik 1 e S fe A 1
afEF . (A, BEARGE T DONARR I SRR M S5 R, FEBh O T )5 s 3R moR i, A SCHE
Y AR R IR ] BLS 2 2 SRR ISR (11| S HE SR 45 5 SR AR X RIS ) 5 Bl B AT R ) R BRI R W, AR5
S AR R AT DAAS B vy B AR, 7T LAY SR /N RIS B4 B ol L A ) [
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