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Abstract: Escape routing is an important part of the integrated circuit physical design. In order to solve the
problem of slow parallel escape routing with unsatisfactory outcomes, an algorithm of ordered escape routing,
combining the improved A* algorithm with the rip-up and reroute method is proposed. Firstly, the routing
sequence of pins is determined by the cost estimation function and the improved A* algorithm is used to
initialize the ordered escape routing. Secondly, the routing paths of the same length are optimized and the
routing paths of the crowded areas are adjusted. Finally, A* algorithm and breadth-first search are employed to
rip-up and reroute. The experimental results shows that this method achieved 100% escape routing for all given
test cases, and that the feasible solution of the ordered escape paths is, to a great extent, close to the optimal
solution. Compared to the Boolean Satisfiability Problem (SAT) algorithm and MMCF algorithm, this
algorithm reduces CPU time by 95.6% and 97.8%, respectively, and makes the overall line length shorter. It is
evident that the proposed method reduces the time required to find the feasible solution and optimize wire
routing.

Key words: A* algorithm; Rip-up and reroute; Ordered escape routing; Shortest path

Wi A 2020-12-09; SO E M 2021-04-16; PIZEHHAR: 2021-04-27

MEEEHE: BEEH  chenjiarui@fzu.edu.cn

HETH: BRAREIEIES (61977017), B KEHEHE SR HHRIRSI(2018YFB2202704), 1 E 4R &% (5 B A2 SRR A H 5050 = (18
HRRHT L = ) I 42 (2021ZR 142)

Foundation Items: The National Natural Science Foundation of China (61977017), The Key Research and Development Project of the
Ministry of Science and Technology (2018YFB2202704), The Fujian Science & Technology Innovation Laboratory for Optoelectronic In-
formation of China (Mindu Innovation Laboratory) (2021ZR142)


http://radars.ie.ac.cn/CN/10.11999/JEIT201033

1610 B 7 5 F

2 %

43 %

1 3518

A P iR AR 2 v, A Dy B L ES AR (Printed
Circuit Board, PCB)i& T H ¢8R . HHj,
HL PR AR (A7 R EEAR KA FE BIE 2 B N R TF 158
B. BB AR AR AT IR s AR5 AL
BAMEIGIN, A B shikiEm LR RCE RN
T N AU R HE B . Rk, dnfel ge gtk 45
Bl —ANAAT AT 207 58 O A LR R DR ) 1] 3L

REIRATT 2K 51 A IR A B0 L 5| A 42 3 194
WHAS L, BEERE SRR R AL, £
ATEANEAT 2 2 BT DL P I Z A, B3R AT 4 7] R
FH I3 N TC T R R AT S AN o AT 2 2
FAT, X T Jo ek An e OB 7t D2 BAS 1 AR B A9
BOR, H T TP bR A 4 AT 24 KU 223K, firbA
Xof 1% e AR FE 1S AE 0 2% 3 7 VR AT SR A
AT AFE RIS (8] A3 2 B 0, BTk [6,7) 0 78 0F
[ EA =SS AL

A 7 283 Am 2 i T 28 % H A 2 8 I 1) PR
i, Al FH 2R TR Tk iR g, B B AL SR
J7VE AT LAAR R AT AT B 7 R B AT AT 2 7 ik
HATAGT L — IS BT A 51 IBE T BRI, 3L
HR[9,10) FHEE £ 26 1% Fi K (Integer Linear Program-
ming, ILP)f# R 7 — MAHFABANF 8% 17 F, 1%
fe] @ o g R A [ 5 YRR R 2% i, SCHER[11] 48 4y
AR SORTLP, PRI R . Tomiokass
NEUR A To ST i, 1 Sk S A7 7E i
WRITR, WA —ERRIEKR BRI TT R . REMAT
I 70 AE B A 25 R AR B A £, HRAE TR
TR T EGATIS, AR k. SCER(13,14]
WA Fr B 28 30 A 286 % 4 0 — AN A1 7K AT 2 1 i) et
(Boolean Satisfiability Problem, SAT), Ffi#id
SATRAREMR o 12 TTIETC TR B LA AR BEAT AT A
fBeise, BORTHERATE A 2. (Hat, 1ZITVEAR MEME TR
WA A EANIE D . FERH AT TS,
Jiao% N U FH 5/ % B 22 7 b Ui (Min-cost Multi-
Commodity Flow, MMCF ) J5 ¥ 5K fift theix A ) i,
T B R AL T R AT R, M B LR R AT
BRI, BT H MMCF 3K il &5 5k K
filts FERFAL S| IEEA bt 2 18], R s i B i
Z o FIs H B KR

HS AT AT 24 T 52 422 TR 2% 28 1R I K a3k 47 A1
4, BERAATESE R RS IR, R Rk
TEZS ARG BT R A AT A X A £ 1 56 J5 It
FPA R GR R, By seir g SR T B,
GG R RETCVE R, DRI, R R EE AR DO
(7 R A 2 EAT A

HATM G B 7L R R o I = 2, i)
) 53 2% B > ) U8 0, FE 2% I CP U 1] 22 i f% 1
K, BEESTERM. Bk, &30 5] BIFE SR
BRI, FRAT A ZR I T2 RVFRE T 4R AT AT A
A S -

TERERAT Z TP AR AT A 526K, $RH T —
Fh3MT Bt AT A e b i AT 26 7k . E PR
TS 3 T BRI B ] Tk R B 7 A B R A
AT AT, CAMCHERIURME, R HAPT X
B FKEAMLBATHATIRAL, B HFLEM
()7 V2% TavE e i i 5| JRIgEAT B R A 26
2 [E)REER

R IR AT 2 AN 5| BB B A 1 5 28 5| B3 2 31 40
(GSvR T o

H A7 b2 0 3 e T 2 32 B0 NS B 51
%1 (Staggered Pin Arrays, SPA)MFIR S 5] B4
5(Grid Pin Array, GPA), AN FEHTGPAT
kiR, WE1. B X—A 247 2 F 0 HE
A G RS, AR R4S 51 B R A — A A0y
R, A5 FE Bkt i 5 e I 0 R R
ko
SR B NN 4 8 1 BE B R A A )
GV, E), HHV = {vo,v1,ve, - vm}JE 5] 5 0
mbnsEs, ERUES, S, ThHnErkEbEs
(SN HEE)VME SEE, Tuw = 1RRHT AuiifE
W RwA FABET, 2w = ONRRBHE S,

O+0 10

K 1 GPA I kAL 2o =



6 1

B A 25 it A* A SRR EAT A 7 kR A £ 1611

Cuw 7N HUH L HTAE T mw A L A, K
R IR g — S BRI ) R,

min E CuwTuw

(u,w)eE

s.t. Z Tyw < 1lu eV
wevV

Zmuw—wau:O,u¢SUT

weV weV

quw— wau: l,uesS

weV weV

Z T — Z Tyw= 1, u €T

wevV wevV

ZTyw € (0,1), (u,w) € E (1)
Hor, SBIANZORHREA T A R 2% 51 1A
Lok, WEGR. 2L IR EEABR TR
FUBR 5 A v (75 N2 H B i G, R
18 A2 BR RS . ORI PR B Sk 2 i ik i 5
FH A, BB AL T, w2 H bR R/ IMEE R
Ko BRI RFERAHT A L

A 110 A7 26 17 R\ 5 IR AT A ], (H

TG B S| BB o A ST H 2R IR S LA
I EHHES, k2.

K 2 Bl kA 2o B IR

25| R e B NS, U 2 1
Mg, MM ERVE R AR IR . (ERRAESE
PRt oL, SIBIRIK A LA EA —E N, FkR
B8 T MR AL R U A AR R AL, AR
151 B a3 s
3 AFki&fmtk

Bl AR, AR S 53 b ik i A
LRAIR I X% DX S 8 7 2R AT DU AL T B DA
RYrEEAIE 3 AN

ofofio]lo;

K 3 i A B R E R

|| ki 5] K i
31 e ] | eite s o BB R
T ATk

FIRAT A A BEAT PRk AT

| m%am&m&m%l

i H B0 A 5
951 Bk s 4

i EEAR SR A
BEATYR LR EA

v
S [X IR 2 e 2
| ﬁﬁﬁﬁ%%%ﬁ%I
| 0% Xt 4 e 4 VR )

BT

K 4 SRR

3.1 WEMLENIEHE

TERATARLR R, A 2R TG X T B 28t 10 I o
SR A E KR, (ERMEVIUGMERT, KA M IE Bk
BRI A — AN 5| BEITE 24 ] FH SRR B3R TT BEFE 2R
M BTIRHEAT VS, AR TE 55 J 2 5| B 1 3% i
¥, REREEMIMG M R T, WL R EEEN
K, W5 Skaic i Nk, YIS N-1, a0 2kik
15 B G5 Nm, 6N H AR 8 5t w5 Am, W
k= mn, 1S5] IS 57 5 0 2 A B B A% 5
[ e AL AT, SN Al s e LRI (2).

costy, = min(|z, — Tm| + |Yn — Yml|),m e M  (2)

Hr, MOAWHAR &S, HEHm e M, Al{§EL
AR F BT
|K|
H (k’l <kit1Vkip < 0) =1 (3)
=1
P IR T R A5 Bt A 5] IR 3 P 75 1) o A
Rt fa, dEEpT R SN S AL e kiR, Ry
51 B Pt 75 B R D, AR SRR e 2 JR )
Sl B An 2 Ja PRk AT Ge i b i 1Y AT REAE ARG o
PR FERRA G RS 5UF iRmTE, F
B — PR A I SRR B, R 2 AR S
R 2 2 RSB R L e, B 24t FH AR AR0VR SR K 16
WEgAE, SRR B (4) Bros
FG)= GO+ HE), HO<H=G6) ()
Hrpr, F(i) 411 e &R0, GG) =2 ME RE
TR U BT B B 80 i H LR s AT
H(i) AR R KR, THE NS BT S8 5)
A ISR RA,  H o+ ()2 AT A% 3 3 24 R



1612 B 7 5 F

2 %

43 %

MRS RA . AT IR H 210 i 5 26 s i 2 G i R
BAE M ERARG), WTHG) =Hx*(@), Fik
AXBILRE A B RO I R AR B A . A BV R B
WiF 4 OPENEMCLOSER KM K 4k . H
i, OPENFEH TR ELER, Heda kK
BRI AL S, AH M AR AR S 4R AR R,
MARZLEN A CLOSEZRN A T & &4 /),
Hoegzat s,

AP IR

WA BG, ks, &t

Wi BREEESP.

TH 1 ARG, ks, &kt

Y% 2 WIHHILOPEN={s}, CLOSE={}.

Y% 3 WHROPEN={}, MXIBEIM.

T % 4 MOPENZKHEUE PESR/NMIT in, n
MNCLOSE#E H,

TH 5 Win=t, MRIEZKII, REERE.

TH 6 HEIEnKE%T S P

Y%7 KBATEOPENZEH K S IMAOPEN
x, BWLKRPE, WRAAFEPEE N, T
BEHTZ T AU ET IR AU S H T A

T8 RMIPIES,

R TR R A T R OR8] ek )
ARG, AR R BB SN

F(i) = (1—w) x G(i) +w x H(i) (5)

SR . Rl IR NAR HE SR AT A BV B I (]
H 4 FEHO(n?) £ N0 (nlogyn).

NE B AT SR FH 40 ) 34 TR R 250306 3% T 75 FE 2 11
PRI R 5 SHIURMRAT LRIT /26 200, 5 54w
Pl kAR B Tl BSOS AT LRI, R ERZS H
3k FH 18] 51 BB 30 RIS A K P 4481 - SR X Lt
SEh T IER WA MR I B R K S AR, X HL g
RnR1FR, HA, SRR IR 51 B 5T
BHATAT LR, EE2FP R IR B NT B S I 51 B e ik
TR, 53R A TG R B AT AN T R e
IR IF .

F1. RMF 3 @ LK DU I A% A SR HE
EE SRR LLE B, 553 7 VR TR K USERE 21 () A
W AR, 7R/ RE S A ] DLk 5 6
43 5| AT AL B 58T
3.2 IR IR AR

VAR B 32 B o A % X 4 5 T R B A 2R 1
BRARIATIRAL, SRR TEA D AT CEAR U 2R
IR, ST 2R B AT R, R R A 25
I BT 7 A TG R SRR o
3.2.1 EKEMEBEEML

) K A 2R B AR A A & T 51 BRI 38 55— 25 AH ]
FE P TR 28 ] DA 1k 25 HoAth 51 B Ge B A= 2655, A

R 1 ST ARG RIS

ViRES! J5E2 Jiik3
Ho, wiE LN WA g a s () BAK R BEE R

w_ G(7) (6) Case5 52 92.0 52 92.0 50 92.0

G(i)+ H(i) Case6 46 86.6 60 93.3 57 93.3
MR X IR EE T AN, AUEwS TN LS54 Case7 255 80.0 259 82.2 276 88.8
LK I, A SR R B R T, A CasS 419 9L4 420 928 471 971
wit B BT fw € (0.6,09) B RSk R T s o e o es

R 2 SMECEMLRLERIEL
WlEB  #Row 4Col #Pin  #Side  #Cap ‘iﬁﬁi[l?)]SAT—based ‘iﬁk[m]Ml\/ICF—based ‘ AT

MK FHI (s) REK I (s) MK ()

Casel 8 6 6 1 1 21 0.07 21 0.05 21 0.002
Case2 8 8 8 2 1 24 0.07 24 0.09 24 0.001
Case3 8 8 10 2 1 39 0.26 39 0.15 39 0.003
Casel 8 8 10 3 1 36 0.66 36 1.34 36 0.003
Caseb 10 6 25 3 1 *67 *0.14 *67 *0.58 67 0.027
Caseb 10 10 15 4 1 62 1.57 62 3.36 62 0.011
Case? 20 15 45 2 1 326 2.02 338 10.24 326 0.251
Case8 30 30 70 4 1 - - *530 *30.15 489 0.032
Case9 8 10 31 2 2 - - 162 6.12 153 0.085
Casel0 30 60 130 3 2 - - - - 2210 4.311




%634 oSS @G Uk AT S PRI AT A iR AT 2k 1613
&3 IMMERTEKLERIEL
- e FirBe2 Bris

ATIBER (%) ISE2AN FHI (s) A3 (%) IS4 FHI (s) A (%) ISE2AS JHIN (s)
Caseb 92.00 50 0.006 92.00 50 0.002 100 67 0.019
Case6 93.33 57 0.002 93.33 56 0.001 100 62 0.008
CaseT 88.88 276 0.010 93.33 288 0.005 100 326 0.236
Case8 97.14 471 0.012 97.14 467 0.005 100 489 0.015
Case9 74.19 82 0.021 74.19 82 0.002 100 153 0.085
Casel0 95.38 2048 0.192 95.38 2044 0.082 100 2210 4.037

TG0 BHUR IR 2% . a5 TN, AR S| B2 A 28
73, BERSATAS 5| AL AE AR 2 i A5 FH 5E /D 1 B U

EI5 mt Ml s ki, SR8 N O iF g, i
2R RN T A5 R E L .
3.2.2 MFXIBALEF IR

PHEF X IR FBAE — 8 X3k P 26 () HEAR [ 15 Sh L
FUHTCER B AT RO SR S E N A O . i
NGt AR S (7)) oL

kivi—ki>1,k;>=0 (7)

AR X xS T 5] Jik: + L2, wike
Fias o S5 35 5| B3 AT BT A 42, 7EA b
Rk 5 AR I RTSE T, v B ARSI TR B
AT H AR R,

ENUINE =87 S

WA CDALEG, RiRE5HESR.,

Wit fMEHRESP.

TH 1 BRAMEEGS55IHR.

T 2 MG LS R IERG] .

Tk 3 EHR(7) TGRS X

T 4 KRB M S R

= O
]
O1O0O10O

1@ O
f}@ O
(goo

c oo 00 o

O
O
O
O
O

A5
70

O
O
O

151 6 3% B BELAS AT X 800 2 A B R B 1A

Y5 KOAG LR NS,

Y6 X5 et T ERATL .

T 7 REPPE2, HEESNT.

3.3 IRLLEM

W2 5 5 2B B AR AL 5 4K SR A7 7E TE VR B i 11
SR, MR FRALEE XS DA 2 26 1) ] SR RE VR 25 T
Zol SRR, Ik, Bt B 2R Btk AT R 46
HARTFARFTE 5l R Tk
3.3.1 ETA*EZEMNIRELER

5 FH A0 PN BB S IR R 48 0, AR RE
S PR F R B AR o

A R ET FARLE A B S E I, @il
SO AR F 51 P AE S [ () 5 TRy A 28 T 4T %
o BRI 2 LBk k T, %I NI
W, MRS ELE PR, BB A AR
SRR 7 2% e I B AL

DR, AR Bl AR e AR A R B e

¢y, = (b +hyy) X pn (8)
Horp, L RIRDnAE W 5 R E R & TG R4
bR B HEREARAN o Bl D7 AR, SR FOR
WRRBRRREE, & XN
o1 [Rh b, A NHECRES
= {h;, S ®

p N NN EETT 25, BRI P R AR
WK T, SN
7
i+1

TR0 AR L B e, TR R ATE R T
FIEFN100%, FEF 5 dafa — YO oA 1k 3 5| i A 1)
H ST BEAT A RGN R — AP IR, Cmax BN E
{5100,

Xof R 2 F AT RCRAT BRI 1) 5y — AR R R A
LRIGT, SRR 51 R AT— VA 26 1 B SE R K TP HE
B0 3K By A 28 0 R LA 28k ek 2 2 A 2 1) U
I HIR A 2 R

p= (10)



1614 B 7 5

o

=]

2 %

543 %:

3.3.2 T EMABEENREER
BT Pl i o2 B AE R T sl B 2 R EUEETCIE
WRGIER R IKAE, Bk, fEAPIRID AR R
LT, AEHIE T AR EIE AT S R E
A, HEERRBNL AT s, A () A W%
WFATEREAFEER. FR, AR e L
W (11) s
¢ =b, +hi xp, (11)
Hr, pm SCNEHLL, TTERAHESTHERE
PRI A],  BRT I I TEOK D7 S AR SR bR 450 R K %
REHEE, (H2d 2 i miarfs, SFBEE
MR AST L2, N T PEMmEEES SE&K
PN TT I, 2% B0 B L L BE LR AR R) 45 2
BARAMEE R . FEWME, wRked E—4
IR G AT R A Tk, WA TIX AP ER.

4 SKEHERKRSR

T R AR ], A SRR 2 DR R L
SR RIS . PRI, AR SO ELER R R
I ST iR R AR AT B BOR K, BRSO R
FPoT e f - SEUEE A DL et 5 O T 2 5, &
Bk s R 5 ORI SCP G RA T AE . BAE
FFEFRRZE G, AT BAACURS H LR 45 RS
SRR ISR ZRVN, HI, R E IS )
SRS S5 RAE XS B sEe 45 2R

H T AT AT Ml R 1 PR AT e 306 3 A 2 I 9
SCHR[13-15] ki | —LEmT A 2 f i I ], A
T BB SCER[15] IR B AR X B, X R SR A
HISBIRE IR g /N B, B 7 . Pl =

OOOOOO?OOOOO?)OOOOOOOOOOOOOO
O-0|0(0-0-0(|T-0-0|0|0|0|T-0|0|0|0[0-0-0-0|0|0|0-0-0-0
O|0|0-0- 0|00 0|0|0|0|0-0O|0|0|0|0- 00 0|0B®|0- 000
o000 e] 00 @0|0 0|0
o (e e][e)

[¢]
[¢]
O
[e]
[¢]

I

gooooo
00000
olo-olololo-olo0-0 00
olo|olo-oloo 0
00 Q0
00-0:0-:00-0:0-0|0

00 0000000|0
0 0 0|0

[e][e]
O|0|0 0|0 O

0|0|0 O

0-0|0|0|0:0:0-0
0000000
0000000

o
o
o
(e]
o
Joss535gssasacd)
o
o

o
o @0 00000000000
o

O
o
o
O
O

(o] (]

OO0

o
0O|0|0]|0|0|0-0-0-0-0

OOOOO]OOOOO

:

0|O0[0]|0|0|0-0-0-0-0

o
o
O
O
O
o
O
o
e}
o
o
o

0000000
00 0000[|000000000000
ooooo@googoooooooooooo
0® 00

000®000000000Q000[00 00

[¢]
(e]
o
[e]
o
O
o o
o [e]
o o
[e]
(e][e][e] (e}
[e][eNeNe][e][e][e][e][e] (e NeRe o]

o] [e][e}{e]
[e][e][e] (o] [eXe] (e} e] (o] [e] o]
[0}

[0}
[0}
[0}

o
o
e}
o
o
o
o
o
e}
o
O
o
000
o
e][e]
(e][e]

J?J
(e}
(e}
(e}
(o}
(e}
(e}
(e}
(e}
O
(e}
(e}
(e}
00
e}
e][e]
[efcNe)
[e][eX@)
[eNcRe)
0|0 0|0-00
00
0-0-0|0|0|0-0|0|0
0-0-0|0|0|0-0|0|0

0O[0-0-0|0
000
000100000

o
0|0|0|0-0-0|0

00
00
00
[e}e)
(¢]
(¢]

o
o

o-Q0 o

O-0 ®|0|0|O|O|0[0-0O|0|&:0|0|0|0- O[O0
0-0-0® 0|0-0|0 0|0|0|0|0|0|0-O|0|0|o|o|o|ofo|0-O
[eNeSoReNel[eNel[e}e] o] [e] e][e][e][e}e] e][e] o] (o] (e][e][e] (ee)
(oo} [oQeNe][eNe][0He][e] (o] (o] (o] (o] (o }e] (o] (o] (o] (o] (o] [e] (o] (e}{e] (¢] (o] (oo o)
OO&OOOO&OOOOOOOOOOOOOOOOOOOOOO

] 7 Case8fw A £ 45 R K

000000
0-0-0|0|0
0-0-0|0|0

o
(e}¢]
o|o
o|o

o
o
o

M EA K 4277 ) iy st F B, R E A 1 5] ) 2%
A2 BRI AR R . SLEe 45 R k2
Fis, HARowMCol{UR 5| AT BN 5%, Pin
Foon e BRI G| A E, CapiRas 7| IR AT 4k
A&, Sidel|FRmZ5 MBESIA JLAT7 m vl Tk
W, HoArdys g R sz 85 BN SCIR[13-15) H ) 88
IR . BTN H T CaseS8AT LSS R IE .

SLISAE AN AN B CPU NIntel Core i5-6500,
FEMN3.20 GHz. MNFE20TLLEH, B 5| JHIFES)
KA R, T R FHSAT R GRS, SO
HILPKR Ry, #MaFNARA K RER M, S8
SRERFEA BT TR, HEERTTTRME; mEAIME
TETEE R FUEAR KIS, SRR [)AT) Ab 7E v] 8252 138
FEW .

LW CPUR R A T SAT 5L 45 K3
F£195.6%, MBTMMCF & LS R4
97.8% . fE KA G| BIFEF] R Case8HH, 5
MMCF 7R, AR Z7.7%, A i
(] 9k 2> 2199.8% . FEA T N2 M HFIH, SAT
TR T ARG RIBRS], Toik o sb2m @,
MMCF J7 V5 AE RS R (1) 451 - 2 BT R ) st 1) 1]
R I KT 7 EEFE R E M CPURT R 1A S
EAER AR EREOL T, AR I AT ULEJ I 1] 4 25
AIATRE, UERR T RERI AT

RIE— D M R, WERRTEE 17385 20 ik
R &t s— I BUE Mg, B KU AR —
MBI B ESL, SR MER3FR. ATLUEH,
AW B AT LR, TR TR R IR I 5| A = b
Bl E &R, fELdF2k Bt i G, B4k
#HA — R, BT LUE B R IR R
. EEINBRE NG, Fra RSl IH G 08 m Dk
W, UERH TR B Rt . T B
T ER AT AT 2 SRR Bl B TR) () I B B 3B BE iR £k
A, I HMCase85Casel0 (FE8)HIALLkgh R
LA, IR&EAA MRS 2 2 SRS &
fERREIETEIR B AR, R, BEX T- 5]
AL B 5 5 35 UK

TEEFEHENT, ISR, £T
A B M 7 T AR AT I A O R B, AR A Sk ik
F gl A HIMKRETLRT . RELIE L. 25 Er
W, BEELWREEARTITM, &&E I,
HEA —E L.

5 Z5RIG

BEXTBUAT 1R 1B 36A 2 SRR AR T B B Ve
RNEEIFATATETTE, AR S| IS p i T 25K
At 2 FEOATRER, I HRGERCRA T



6 1

>
&
&
=
4

25 Ol AX SR SR AT Ay A 2 1615

0101 10: 10710101101 10110110 D Q010" 101101 101101101 10110 1011010110 10110 0! 1O 0:10° 10101 110101 :0: 101 10! 101 10! 101 10! 10! 101 10! 101 10! 10 10! 10 10! 0! 10 10" 101 10" 1O
©::0::0'0°'0°:0° 0" ‘0 ‘0 :0: 10" O ‘0 :0: ;9 ‘0: ‘0 -0 :0: ‘0! :0: :0: :0: ‘0: ‘0 ‘0 :0 :0: ‘0 ooooooooooooopooocoooooo;i,_‘“ Q_0- 0
0::0::0: 10" 101 :0: 101 :0: 10 :0: :0: :0: :0: 10: |0} 10: :0: 10 10! :0: 10 :0° 10 :0: 10 :0: ‘0| :0: 10| 0::0::0::0: 0 0::0::0::0::0: [0::0:|0: [0 :0::0: :0: :0: :0: :0: :0: :0: ‘0 :g-0: -0 :0: 1O~
000000000 _p 0.9 :0: 0] 0.0 ::0::0 0::0:10:0::0[ 00 010 10::0: 01 101 10! 10! 101 10° 10 |0 ‘0! [0! [0 107101 10! 10! 10110 10 0 {dT-0: 0- -Q_0- O
0::0::0::0-:0::0- -0: -0: -0: -0- 0: :0: ‘0" ‘0: [0 [0 39° ‘0" ‘0" ‘0: 10 10| 10 :0: 10" ‘0! 10 :0: :0| |0} 10" (01 10 10 10 0" 10! 10 10 :0: :0: :0: |0: ‘0! [0: 07 :0--0: -0 00 0::0::0::0::0::0::0
0.0 0000 0V 000000 [0 [0]:0: ‘0101 0! 10! 10| 16 0 00|00 000 p|:0::0::0::0::0::0::0::0:|0: ‘0! [0: :0: :0::0::0: ‘0" :0::0: :0 0:°0::0::0::0::0
000 9] :0::0::0::0::0::0::0: :0::0: :0- [0] [0] :0: :0: ‘@ 0: :0- :0| :0: -0 :0: :0: 0| :0: :0 0::0 5011610110100 101|661 |01 011010101616 610 6 0] |6 $ 6o
0:10°'0: 107101101101 10" 101 10! 101 10: 1010 |0] [0 10 101 10: 101 10! [0] 6 10| 10! 10 O[0! 10 0::0 9 0::0:10::010" 10! [@ ‘0! 070! 10 10! 1010110101 0! 101 '0:-0; .q_0- 0O
010! 101101101101 10! 10! 101101101 10" 10! 10" (O] [0] 101 Q10! 101 10! [0] |0° ‘0| 10! 101 0 0} 1O 0110101101101 101 10! 101101101101 |0 1O [0: 101101101 101101 101101 101 10 10! H! 10 9100
© 0110101101010 H 1010 0::0::0: [0]|of :0: ‘0::0: 0 10| 0] |o: 10| :0: 0" ‘0 0! O] 0:10°'0:10' 10110 10110 91 10::0:|0: 0] [0: 10! 101 10! 10: 10! 10 10! 10 0! 0 o: [0 0 10
00 0-00--0_H -0 V| :0::0::0::0::0: |0 [0] :0: :0: :0: :0: ‘0 |O] [0: ‘0] :0: :0: :0] :0: : 0110101101101 101 10! 10! 0110101 |0 ‘O [0: 101 101 9 10 10! 10110 101 10! 10! ‘0- |0 |§To -0
ODOOODOOODODOOOOPOOOOOOOOOOOD 0::0::0::0:-0::0: -0: :0: |0: :0: -:0: |O: 9| |O: -O| 0 :0-:0-:0--0:-0:-0: :0: :0: |0- -:0- -0- -0
0::0--0::0- 0 ‘0 ‘0 :0: ‘0[-0--0-,pL10: ‘0’ [0] |0] |0: ‘0" ‘0 ‘0 3B [of [0} [@ ‘0 ‘0 ‘0| ‘O: 10| 01010 10" P 101101 10" |01 10 :0: [0 |0] |0 ‘0 0110190 0::0::0::0::0::0::Q_0"
0 0 010101010 ‘0 [@ lo: 10|61 10" o] |o] [o 6110 0| [o] |0 [0 '0: ‘0| ‘0| 0! 10 01107 10:101101101101 10! [0110: 10 |0 |o] [0 ‘o [0 16! 0 |6: 10" 0ol 16! 10 16! 10 10 16
01100 0710110710 10" O [0: 28] 101 B 0 [0 [0] |0} |o] ‘0! 0t 10| [o] |0 |0 ‘0! ‘o ‘0| 6 o 0110101101101 101 010" 01101101 |0] [of [0 o] [0 0 ot o ooooo'oé{_ol_lb'
of0::0: 0! 01 391 :0::0: 0| |0 :0] :0: :0: :0: || [o] |O: [0] :0: 01 0] [o] |o: [0: ‘@ :0| ‘0 :0: O] aooooooooooooooowjo_f)o 00
©|:0::0: 0 0::0::0: 0| |o] :B| :0: 0" ‘0" |o] [of [0 |o] 01 :0: ‘0] |o] |0 |a ‘0! [o] ‘O] :0: 0 00 o]0 0| :0: 10" [0 10 :0: [o: [o] |0 ‘0| [of |&; ‘o: ‘010 o : 0::0
00 0: 0| [0::0::9::0::0| [0 0] ‘& :0:0: O] [o] |o: [0] :0: :0: 0| |o] [o: :0] :0] |o] :0] :0: :0 0::0::0:|0: [0::0]:0::0: [0::0::0: |0 [0] |0::0] |o] |o] :0: 10! 0 o L0::0::0::0
BL0: oo [0 10 [0 0 10| [of o] ‘0| 0] :o: |9 [o] |o: [o] ‘o: ‘0! ‘of |o] [o: ‘o 0| |0 0| -o: o 0::0° 0 |q [0 10| 010! [01i0: 10! o [o] |o: 0] o] |o] o o! o 016
0' .6 ‘ofo: [0::0::0: 0 9 |o] (9] of (ol o[:0' o of [0 0 0 0:10) 0::0: 00| [o 0::0 o::0'10: o] |o o||o] 0 0

00000 :0: ‘00 ‘0] |o]|o] [o] [o |of |of |o] |o] |o] :o: ‘o [of |of |o: ‘o] |o] o] [of ‘o: ‘o O |0::0--0:|O] |O: |O| :0: :0: |O] :0- -0: |O- [O] |O: |O] |O] |O] :0: -O: O O -0
0--0--0--0--0--0--0- :0[-0: |0 [0] |0 0] [0 |o] [o] |o] [o] :0: 01 |o] [o] |o: o] |o] |o] [o] -0 ‘o] of [0 :0: 0% |of [0} |0 :0: ‘0: |o] :0: :o: [o: |of [o: |of o] |of :0: ‘ot o [e3RE-S
0:10710'10710' 107011010 |of (o] |of 0] [of o] [o] |o] [o] 0! 6! |of [o] [o: o] |of |o] [o| 0! ‘o) o| (07010 [of o} [o| ‘0! 10 |of 0 ‘o [0} |of o} [o] |o] [o] ‘o: o o o [SIRL6)
0::0::0::0::0::0::0::0::0: |0 0] |of 0] [0 ] [o] |9] [o] :0: 1 |of [o] [o: 0] [of 2] [o] -0 0] O [0::0::0: o |} [0 :0: :0: |0 :0: :0: [o: |of |o: [o] |o] 0] :0: :0: 10::0: 10: 20! 10 :0! :0:-0: :0- -0
0::0::0::0::0::0::0::0::0: |of o] |of o] |of |o] [o] |o] [o] :0: 0! |of [o] |o: o] |of |o] |o] -0 o] o [0::0::0: |of o} [o] :0: ‘01 |o] :0: ‘0: [o: |of |o: [o] |o] [o] :0: :0: ‘0: 10 ‘0: 10! ‘0: 10! 10 10! ‘Q_O"
0!10::0::0::0::0::0::0::0: [0] |O] |o] |of [of (o [©] |9] |o] -0 o: o] o] |o: o] [o] [of [0 -0 -0 0| |0::0::0: [0] |01 |0] ‘0! :0: [0] :0::0: |o: O] [o: o] o] |9] :0: O 0.-0.-Q_0--0-0--0- 0 -&
0::0::0::0::0[ -0 o:1o[[o] [of [o o] |o] |o] [o] [of :0: :0: |o] |of |o: :of [0 || |o] ‘0! ‘o 0] |0::0::0: [0] |0} |0] ‘0! :0: [0] :0: :0: 16! [of [o: [o] o] |o] ‘0! Of [o: :0: 0 Q. ‘6 ‘¢~ 600 O
0110101100 |00 :0: 101 |0 ] |of 0] |of 9] [o] |9] [o] 0! 0! |of o] |o: o |of |o] [of -0 O [0°'0: 10" [of |0} [0 :0: :0: |0 :0: ‘o: [} [of |} [o] |o] [0] 0 0| |o: :0° ‘0: 0! 10: 10! 161 10! 0 O
oooooooooooooooooooooooooooo’—p of [0::0: 0" o 0! |o| :0: :0: |0 :0: ‘o: [o: |of o} |of |o] o] :o 0::0:'0::0 010" 'Q &
oioéoooooooooooéoooéoooooéoooé quoooooooooqoooooooijoooooooq)o

[ 8 Casel 0fe & AT £ 45 R K

BERFRMBIITE O AR —FhdE T A*FEA M
BATH PR AT NS . TG R B K H AR i
P SCRE ) A S PR A SR AT AR A, P 3 2 B A X
PR ST A L. 2 N B4 R R W], Bk
TR B A e 1R R SAT £ REAVE A A N 8] A SE 1k, AE R
B e K B H 1l Case8 ™, RURIETH A B .
ARSI AR A BRI 5 i

W& VLSIHOR IR, AL B AR s 1R 4 B AN
Wi, R ARt AN R, SR 18] SR
BEn. DI, REFFSOE B ATAMLIE, S kRE
i B M SR e B AR 1) 1R A 26 L2 AT 15 IR
BRI — AN . BeAh, R A L 1 22 00 3 DAL
GV 1) LR SR PEA AT R AR AR R 1 R A, BT
AN E I SIOR SR R R P CB A 3l 47 26 7 T 1 7] 2L
K2 BATARR BB T TT 17 o

& F x|

1] &7, el OB B B B BT G 5 0% (M. b
5 EHEREHRAL, 2009: 147-172.

XU Ning and HONG Xianlong. Very Large Scale
Integration Physical Design Theory and Method[M].
Beijing: Tsinghua University Press, 2009: 147-172.

2] YAN Tan and WONG M D F. Recent research
development in PCB layout[C]. 2010 IEEE/ACM
International Conference on Computer-Aided Design
(ICCAD'10), San Jose, USA, 2010: 398-403. doi:
10.1109/ICCAD.2010.5654190.

3] WANG Kan, WANG Huaxi, and DONG Sheqin. Escape
routing of mixed-pattern signals based on staggered-pin-
array PCBs[C]. 2013 ACM International Symposium on
Physical Design, Stateline, United States, 2013: 93-100. doi:
10.1145/2451916.2451941.

(4]

[5]

(6]

(7l

(8]

(9]

(10]

(11]

FANG Jiawei, LIN I J, CHANG Y W, et al. A network-
flow-based RDL routing algorithmz for flip-chip design[J].
IEEE Transactions on Computer-Aided Design of Integrated
Circuits and Systems, 2007, 26(8): 1417-1429. doi: 10.1109/
TCAD.2007.891364.

MA Qiang, YOUNG E F Y, and WONG M D F. An
optimal algorithm for layer assignment of bus escape
routing on PCBs[C]. The 48th Design Automation
Conference, San Diego, United States, 2011: 176-181. doi:
10.1145/2024724.2024764.

CHO B G, KAM D G, and KOO H I. Mixed-signal escape
routing algorithm for multilayer PCBs[J|. IEEE
Transactions on Components, Packaging and Manufacturing
Technology, 2019, 9(8): 1576-1586. doi: 10.1109/TCPMT.
2019.2900463.

YAN Jintai. Direction-constrained rectangle escape
routing[J]. ACM Transactions on Design Automation of
Electronic Systems, 2018, 23(3): 34. doi: 10.1145/3178047.
ALPERT C J, MEHJTA D P, and SAPATNEKAR S S.
Handbook of Algorithms for Physical Design
Automation[M]. Boca Raton: CRC Press, 2008: 469-475.
TOMIOKA Y and TAKAHASHI A. Routing of monotonic
parallel and orthogonal netlists for single-layer ball grid
array packages[J]. IEICE Transactions on Fundamentals of
Electronics, Communications and Computer Sciences, 2006,
E89-A(12): 3551-3559. doi: 10.1093 /ietfec/e89-a.12.3551.
FANG Jiawei, HSU C H, and CHANG Yaowen. An integer-
linear-programming-based routing algorithm for flip-chip
designs[J]. IEEE Transactions on Computer-Aided Design
of Integrated Circuits and Systems, 2009, 28(1): 98-110. doi:
10.1109/TCAD.2008.2009151.

LIAO Zhaopo and DONG Sheqin. A constraint-driven


http://dx.doi.org/10.1109/ICCAD.2010.5654190
http://dx.doi.org/10.1145/2451916.2451941
http://dx.doi.org/10.1145/2451916.2451941
http://dx.doi.org/10.1109/TCAD.2007.891364
http://dx.doi.org/10.1109/TCAD.2007.891364
http://dx.doi.org/10.1109/TCAD.2007.891364
http://dx.doi.org/10.1145/2024724.2024764
http://dx.doi.org/10.1145/2024724.2024764
http://dx.doi.org/10.1109/TCPMT.2019.2900463
http://dx.doi.org/10.1109/TCPMT.2019.2900463
http://dx.doi.org/10.1109/TCPMT.2019.2900463
http://dx.doi.org/10.1145/3178047
http://dx.doi.org/10.1145/3178047
http://dx.doi.org/10.1093/ietfec/e89-a.12.3551
http://dx.doi.org/10.1093/ietfec/e89-a.12.3551
http://dx.doi.org/10.1109/TCAD.2008.2009151
http://dx.doi.org/10.1109/ICCAD.2010.5654190
http://dx.doi.org/10.1145/2451916.2451941
http://dx.doi.org/10.1145/2451916.2451941
http://dx.doi.org/10.1109/TCAD.2007.891364
http://dx.doi.org/10.1109/TCAD.2007.891364
http://dx.doi.org/10.1109/TCAD.2007.891364
http://dx.doi.org/10.1145/2024724.2024764
http://dx.doi.org/10.1145/2024724.2024764
http://dx.doi.org/10.1109/TCPMT.2019.2900463
http://dx.doi.org/10.1109/TCPMT.2019.2900463
http://dx.doi.org/10.1109/TCPMT.2019.2900463
http://dx.doi.org/10.1145/3178047
http://dx.doi.org/10.1145/3178047
http://dx.doi.org/10.1093/ietfec/e89-a.12.3551
http://dx.doi.org/10.1093/ietfec/e89-a.12.3551
http://dx.doi.org/10.1109/TCAD.2008.2009151

1616 B 7 5

=]

43 %

(12]

(13]

(14]

(15]

[16]

compact model with partition strategy for ordered escape
routing[C]. 2020 on Great Lakes Symposium on VLSI,
Virtual Event, New York, USA, 2020: 393-398. doi:
10.1145/3386263.3406942.

TOMIOKA Y and TAKAHASHI A. Monotonic parallel and
orthogonal routing for single-layer ball grid array
packages[C]. Proceedings of 2006 Asia and South Pacific
Conference on Design Automation, Yokohama, Japan, 2006:
6-12. doi: 10.1109/ASPDAC.2006.1594758.

LUO Lijuan and WONG M D F. Ordered escape routing
based on Boolean satisfiability[C]. 2008 Asia and South
Pacific Design Automation Conference, Seoul, Korea
(South), 2008: 244-249. doi: 10.1109/ASPDAC.2008.
4483950.

LUO Lijuan and WONG M D F. On using SAT to ordered
escape problems[C]. 2009 Asia and South Pacific Design
Automation Conference, Yokohama, Japan, 2009: 594-599.
doi: 10.1109/ASPDAC.2009.4796545.

JIAO Fengxian and DONG Sheqin. Ordered escape routing
with consideration of differential pair and blockage[J]. ACM
Transactions on Design Automation of Electronic Systems,
2018, 23(4): 46. doi: 10.1145/3185783.

KEIR, BREEF], R T T 2B Bl 4 d A0 (10 SR A 45
[T U ENE B R 5 B S, 2016, 28(11):
2000-2008. doi: 10.3969/j.iss1.1003-9775.2016.11.023.

ZHU Ziran, CHEN Jianli, and ZHU Wenxing. A global
routing algorithm based on multistage rip-up and reroute[J].
Journal of Computer-Aided Design & Computer Graphics,
2016, 28(11): 2000-2008. doi: 10.3969/j.issn.1003-

[17]

[18]

[19]

XK FE

ALV
R 5% 3 «

VREE

9775.2016.11.023.

SHI Rui and CHENQ C K. Efficient escape routing for
hexagonal array of high density I/Os[C]. The 43rd Design
Automation Conference, San Francisco, USA, 2006:
1003-1008. doi: 10.1109/DAC.2006.229424.

A, BARTRE. — AR T AR 2R T hEVE) BT 51E
BEAR, 2013, 35(4): 952-957. doi: 10.3724/SP.J.1146
2012.00983.

ZHAO Qi and ZHAO Aqun. A multi-path routing algorithm
base on A* algorithm[J]. Journal of Electronics &
Information Technology, 2013, 35(4): 952-957. doi:
10.3724/SP.J.1146.2012.00983.

BIRTE, Tk, WP BT A*SER AT AR R
KAL), b B RAL 2% B 224, 2005, 23(4): 42-45. doi:
10.3969/j.issn.1001-5590.2005.04.010.

GAO Qingji, YU Yongsheng, and HU Dandan. Advanced
A* algorithm for path-finding and optimization[J]. Journal
of Civil Aviation University of China, 2005, 23(4): 42-45.
doi: 10.3969/j.issn.1001-5590.2005.04.010.

5, 197554, T, RIBER, WiLAESI, WRRITIEA
VLSIH-F# i+ B 31k,
5, 199744, RLAE, BT VLS B it
5, 198144, L, Pk, WidLAS0, #FRFmA
VLSIH-F# i+ B 3k,
5, 198444, 1oL, PHIW, WiLAESIm, BFFIT A
VLSIH ¥ % it 3 3.

SRS DF5


http://dx.doi.org/10.1145/3386263.3406942
http://dx.doi.org/10.1145/3386263.3406942
http://dx.doi.org/10.1109/ASPDAC.2006.1594758
http://dx.doi.org/10.1109/ASPDAC.2008.4483950
http://dx.doi.org/10.1109/ASPDAC.2008.4483950
http://dx.doi.org/10.1109/ASPDAC.2009.4796545
http://dx.doi.org/10.1145/3185783
http://dx.doi.org/10.1145/3185783
http://dx.doi.org/10.3969/j.issn.1003-9775.2016.11.023
http://dx.doi.org/10.3969/j.issn.1003-9775.2016.11.023
http://dx.doi.org/10.3969/j.issn.1003-9775.2016.11.023
http://dx.doi.org/10.3969/j.issn.1003-9775.2016.11.023
http://dx.doi.org/10.1109/DAC.2006.229424
http://dx.doi.org/10.3724/SP.J.1146.2012.00983
http://dx.doi.org/10.3724/SP.J.1146.2012.00983
http://dx.doi.org/10.3724/SP.J.1146.2012.00983
http://dx.doi.org/10.3969/j.issn.1001-5590.2005.04.010
http://dx.doi.org/10.3969/j.issn.1001-5590.2005.04.010
http://dx.doi.org/10.3969/j.issn.1001-5590.2005.04.010
http://dx.doi.org/10.1145/3386263.3406942
http://dx.doi.org/10.1145/3386263.3406942
http://dx.doi.org/10.1109/ASPDAC.2006.1594758
http://dx.doi.org/10.1109/ASPDAC.2008.4483950
http://dx.doi.org/10.1109/ASPDAC.2008.4483950
http://dx.doi.org/10.1109/ASPDAC.2009.4796545
http://dx.doi.org/10.1145/3185783
http://dx.doi.org/10.1145/3185783
http://dx.doi.org/10.3969/j.issn.1003-9775.2016.11.023
http://dx.doi.org/10.3969/j.issn.1003-9775.2016.11.023
http://dx.doi.org/10.3969/j.issn.1003-9775.2016.11.023
http://dx.doi.org/10.3969/j.issn.1003-9775.2016.11.023
http://dx.doi.org/10.1109/DAC.2006.229424
http://dx.doi.org/10.3724/SP.J.1146.2012.00983
http://dx.doi.org/10.3724/SP.J.1146.2012.00983
http://dx.doi.org/10.3724/SP.J.1146.2012.00983
http://dx.doi.org/10.3969/j.issn.1001-5590.2005.04.010
http://dx.doi.org/10.3969/j.issn.1001-5590.2005.04.010
http://dx.doi.org/10.3969/j.issn.1001-5590.2005.04.010
http://dx.doi.org/10.1145/3386263.3406942
http://dx.doi.org/10.1145/3386263.3406942
http://dx.doi.org/10.1109/ASPDAC.2006.1594758
http://dx.doi.org/10.1109/ASPDAC.2008.4483950
http://dx.doi.org/10.1109/ASPDAC.2008.4483950
http://dx.doi.org/10.1109/ASPDAC.2009.4796545
http://dx.doi.org/10.1145/3185783
http://dx.doi.org/10.1145/3185783
http://dx.doi.org/10.3969/j.issn.1003-9775.2016.11.023
http://dx.doi.org/10.3969/j.issn.1003-9775.2016.11.023
http://dx.doi.org/10.3969/j.issn.1003-9775.2016.11.023
http://dx.doi.org/10.3969/j.issn.1003-9775.2016.11.023
http://dx.doi.org/10.1109/DAC.2006.229424
http://dx.doi.org/10.3724/SP.J.1146.2012.00983
http://dx.doi.org/10.3724/SP.J.1146.2012.00983
http://dx.doi.org/10.3724/SP.J.1146.2012.00983
http://dx.doi.org/10.3969/j.issn.1001-5590.2005.04.010
http://dx.doi.org/10.3969/j.issn.1001-5590.2005.04.010
http://dx.doi.org/10.3969/j.issn.1001-5590.2005.04.010

	1 引言
	2 问题描述
	3 有序逃逸布线
	3.1 构建布线初始解
	3.2 拥挤区域线路调整
	3.2.1 同长度布线路径优化
	3.2.2 拥挤区域布线路径调整

	3.3 拆线重布
	3.3.1 基于A*算法的拆线重布
	3.3.2 基于广度优先算法的拆线重布


	4 实验结果及分析
	5 结束语

