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Abstract Routing is a crucial and particularly time-consuming part of the chip design automation process, dir-
ectly affecting the area, cost, power consumption, speed and reliability of the final product. It is of great signific-
ance to study intelligent routing algorithms to improve the efficiency and effectiveness of optimizing chip routing.
The chip routing problem is a NP-hard problem with multiple objectives and constraints. Even with decades of re-
search history, there are still a large number of problems and spaces for breakthrough. As manufacturing tech-
niques evolve, design rules, constraints and objectives are continuously adjusted and added, which make wiring se-
lection extremely difficult. This survey aims to provide a comprehensive overview and analysis of the cutting-edge
research on automated routing in the chip design automation, in order to help researchers fully understand the re-
search progresses and directions in this field, and to accelerate the research and development of intelligent routing
algorithms. Specifically, this paper first describes the background of chip routing, then introduces the definitions
and objectives, process characteristics, difficulties and challenges, and evaluation methods of global and detailed
routing respectively, followed by a detailed description and analysis of various routing methods, focusing on the
latest research results, advantages and disadvantages of planning and search-based routing methods and machine
learning-based routing approaches and their application aspects, then introduces public data sets and open-source
routing tools, and finally summarizes the limitations of existing methods in practical applications and provides an
outlook on future trends and potential research directions for automated routing.
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(K51 PR R —A> B b, BRSBTS 1

PR EE S BEAATEL

XA DG, REIE L, Z, U, T, E S JUMIAREDERETT 3, BEPRIER B R 277 %, W)
P4 RAT 2R B VEANAR 26 8 Uk

GR/DR

W A L AER 7 AR 2 AR ERAR T R, IR IR A T R BUE, 7R
BRI RRANRM R ATT R, HrE S BRAR T P AL A R B A R R R, ML GR

A T7 R H AR

2 2 AT 2RIV DL B i 4 7 O 2 % 2 I T6) LB B B, SR AR AT SRR EE AT, WIURIN P 2%

RIS A BRI 1 ARG SO B R 43 B /N XA, BB BE S B S0 A A 7043 42 090 IR i o D)

P8 P 5 /NP T2 1A 2, ST I I 2 A2 0 7 2168 D ) O BRI B BT MU ] X 7% GR/DR

GR/DR

T T B RO (010 ) SR ZR, S TS b I A7 fif 4 T 2 0 S iy do /IS W 110 P A T B

P57 58, AE S BRAR £ I S 7 2 10 77 SRR 8 A 7 G BRI AT R o T R o DS 2 X 4 2 R GR

TR, &I 2 UGEAUR, 25T I ZE VR (A0 £k e PR 43 B S, 8 G v SRR th
% Pk > AN 2B 22 b S 28 L gk A ] s

B B, A G DXk A AT 2 58 U B[] BRI, e A e AR 2 &
HRATL

F IR AN, B AT 2R L
HATAL

SN, B AT ACR

F A 2R DX It AT VIR B A AR T B 2R PR 23 BN R 0 AL, S A LRAL 55 1A A 22 LR AT AR 26

GR/DR

Y PG R 228 90 24 S R P2 2 STRE DR, 5105 A Joy A 5] Ao P2 5643 I A A JE A I, sl i T 4
IS BHITI AT A SRR TINSS 8 BV B VR AT 2R BT 7 AR AR U R I AL, 1R A2 GR/DR

f

\ o RURMCRR A B R TR ST A R R A A A TR, R B A
B BEERER e s e s m AR GR
BACEIML T UL SRAEAL, I R 5e R RO M . A5 2 % GR/DR
S PSRN SRR, I T RERRER IR NAS R

2, R BEAR 2 1] ) S 20 0 (5 SRl AT 2R R
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AT SR R AT e W% 1, 45 G 1 n) H AR Dijk-
stra VAP SE R 2R AT 28, {H Hetzel Z3EHI5S T
J& Ay 4R 1) 22 AT 87 A T2, BRI HE5A 12
ARIFAT. Hart S 7E 1968 4FEHEH A* R L,
D] HG v 28 PR 2R R ), 15 DA B 31040 4
Hodr, BT A* 1 VLSI AL HE M FPGA
AR ERIAEAT IR K EAT AT, 1
B R R AT 2 T T R

XPTARA TN LA 5] 2 A 22 7 7, Yang
SR ) U A LA WrH 4 i /MW (Rectilin-
ear Steiner minimum tree, RSMT) [n] @, JiH it 4>
SCE AR M IROUAAE . FE BB B AR 2 et gl
HB AR AE RCRE AR A RSMT A . Hodr,
Chu ZEP 25 1 —Fp PR A & RSMT ) FLUTE
S, XD 10 A5l I, 2 T4 1) 5 A7 it
IF RSMT HIFTA Al REEER T 5, £E 9% bRt 4 il ik
AR 7 ABIE AT Z AT AT H AR ER
22 0 ) 38 5 2 R 2 AR AR i 2 AN
MR AL FIL S AT IR RS b iS4 A
Z BB BIIHEE T, B4 (Pattern rout-
ing) 7 XTtﬁ/\%%l_J, REEL Z, U, T, E&EJL
PR IE R J7 3, B Ptk 21 K H 70 22 W 1 f
FEE TR, ﬂﬁﬁ?éﬁﬁ?ﬁ%i%ﬁ?ﬂﬁﬁ@%ﬁ’]ﬁ{/\
A
2.1.2  BLEMmLk
%5 2 WX Ay B2 IS ] 45 25 R0 B A 2R DU, DA
TRAE A BB 2R WX A AT T, SCIUR AT RE A S 2
Koo B ALECR BT E ], =20 B A e i) de K Bk
%, Rl IAGE B H U B R,
P ML AR 1S B B @ TE AR e LS VR4
M R B 5, WMIE R M R A 4
X, A5 7K I B2 SR A A, 26 5 T4y
A £ T Sy FHES 8, A7 B I A 7K P 29 R B A B
M2 B, R Dogleg? SR 5K AN [ 22 1A 14
SR EIE ) BE B, DLk BE R, e iE
Wi B H Y H B e MR IA B — e KT, aliE L iR
WK, BT DA O W Bk AT SR JE X, MR B T AT
Z I IS, A IR ot L B VLST
O R &MEE R, MEZER %, M T oA &
B F I L1, 2 — B4 A i 2k (Full-chip
routing), — MR 2 RATLE %, WH LM R (Top-
down)™, HJEM I (Bottom-up)"’ b= F L
(Coarsening-uncoarsening) !/, A-%4 (A-shape )"
S, B BRI oy BTN X IR, BB B8 A
AEFE g Ik, EB A BRI DI B R 2 B, A PR IX
S5 PN A 2 58 8 B )b R R BRI g A 58
BT &, B 7 2SO A 2 B 2071

RIREZR. FEAHALRY BL, AR 45 (A i AT 42 R A
TEYRAT 28, ?\)&F{ﬁfrF P HA 2 2 A8 SOr
AR B, Ao K B A1 2ok EUB AT 2 R R 58
ERFRTT S

--------- Fe A e

Gikiaus %/\ @ /Ji<ﬁ1%ﬂ$1

— AW

g.l!:.

5

K43 DX 3k AT
Bl 7 AL 2 A 4R 5 A B

Fig.7 Coarsening-uncoarsening multilevel

routing framework

X AN DX AT 2RI, AT DASR B IFAT A e 57
L. FAT A G v I B A LR (Integer lin-
ear programming, ILP)"*) sKfig 835 F| HER
kA 2k (Simulated annealing routing) 7% %25
fitk, (B ILP FEARKEENHTEA /IR
2 X () R RIS AT 2 Hp . I AT 28 ) B vk A A
PH—ANER I, 38 H A A 482 s At 2R 2R X A
L, AR RIFEMAIEE E S, SR G0 T 5
B LM BATIR L FE AT, FEXE S 1431&5‘@ i,
HEALMAME, HAGERES. NFmLs
2 AT 7 SR 08 H AR T (RO T U 2
HEFF B 2 5 s AN ZE A B T, DL S A 48 BT
MEFELE, SRS BN R ILE. 1& 52
HE 7 AR 3 0 ARG 2 ) EE B AL 26K (R A
Je) I EE (2 AR 5E) &5 it 5T i 2 R A AL
T R ) BN HE T SRS (A JE ST ).
XA 2R A TR E L, 2T A A
VR —Fh AR R AT AL B T V. B R VA 2 i
DL R 1 7 0 4% 42 X ) ELIBE BE IR 1 0 B, A
O BEAT YRR F AT, WIS BT A 42 I #R H s MR 58
FAT 4 (RIS S 30 B2 ), 2o — Mk s
k. BEAE BB G N, BB N6 2 S 2
AP 1) L% BRI B v RN 4] [X 3 ) A
JIPE, VAR RZE D 7 B 28, PR R EE R IE I E R
I, T B,

2.1.3 MMk

IARAT £ 2300 5 s IR LA 2R v 45 Ak oKk
S . AT 2N A58 R A5 XA G sl 2 T A AR
W g R g, AR A5 OGS A3 DX 3 R A B2 A58 XK Lk
FFAMZE B O, B Ja 10 IE A7 6 4 ZE 1) [X 3l AN 45 Y
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A5l P 5 T 470 2 W v ) A1 R B e U AT . A
BRI 8 PR

A 2 BRI BT JR &5 R BOR E S BTt R
LRARMNIG, B oo AR AT AT, WIte A
LI TS BN e BT s SR 5 HE N 22 58 1 A 2
AR, AR R EAR, MZde R TIRZ (De-
vice-and-conquer) [ 5 B& K BN A7 4 23 (B R 43
B AN X3 (A XA e 75 21 GCell), it
SR DX 3R] PR B 42 e, RE A DX PR 58 AT 4 S
BATIC S U A AT G5 . e — A XA 2
AR, ARG X R, SR 5 AR HE A 2 Rk
1) SR BN B ARAT BB AT e AN 4R, B ik
FEZ AN RATLR L N BEAT IFAT AL, U AR 277 1) 1
PR 4, NIEFHEHEJEZ 3 (Layer assign-
ment) [ @, DISRIG & = e T . &N &
B R VTR 5 A2 IR I PP K, AT AR I
A 2K FERE AL, 2o i 5 15 22 0 A 2k 2 A
W& FIEWN % 0. M E TR LEL KT
T AFLEL i e ) B AR IR B A Ze il AR
G 5 B B A, 10 SR XN 32 5 e 1R e )
SREAT IR E AN, 5 RS 2R ER AR, IR 58 R
X4 A BT A A 2, E NS — 583540 £ T
— AR HAEAR T, AT I R0 DX 3 £ DA Ak 3 X I
A4 ) EGE . 20t 2RIk, B I
A AL R

VLSI ERefmsk

VLSI &5 %%
Bt % ISPD-2007"7 F1 ISPD-2008 4> 5 17 £k
bl 28 B BE e MR 77 19 & A, VILST 4 ey A 26 4 1
e T HREUEAR A, L T R R 1) IR AT AR
I, WMEN = {N1, Na, -, N} PHIEAZ
W N;, 1<i<n, @it LAz BHEE L A0

2.2

2.2.1

BITR, =t 2, -, zg 8 N; R R FF1%
AR TR, HETN T E— D540 L A R AL
H Wi, -7y Wik, E{%E/I\%M/qli?%#/l\ﬁ% (fl_
J57), BT W s A2 5 S BT Af 1 A i i
75’%?, e/ MEFTE 7 R R A A Z?zl Z?zl Wi Tij-
H ) BoxRouter 2.0 @it @ik &y fe., sk
PRI I8 LA A 2R, A R T 3 5 a2
GRIPM! N3 ik 43 [X 58 W& 26 /)N In) /RS, R 2 T
AL P 78 AR5 BN 2 N A i — A &
i 5 &, FFAE =4 73 [0 B A i 4 K B FaE L
FSAR.

Bl 0 P BRI D 38 K IR AR 26 B A I A 2K
AT T HZHIRE. 2 JRfik4s MaizeRouter!™,
NTUgr. FastRoute 4.0, NTHU-Route 2.0,
NCTU-GR 2.0, SPRoute® 255 °% F FSAUL i) A 2%
TR, WK 9 B, 1) ¥ = 4eAn 4 nl i s 31 — 4
ST by 2) 4 X B R ORTE L 22 5] EIE: I 21 ] Ab B
FUASE; 3) R 2 4 26 P v A 4% 2 EE A RV, Bl
FETM S BRENFN G847 77k, BOFAT AL B 51, e
eI AT LR, 4) AT E D BCRAS =42 /47
. IXEBE AN [F) K ZAE T4 X SR BE 5 0 fil 5
W S THI AT 28 SRS AR A 5 v, BA R G 221 2
ST E. Jiang 5P AR 2022 R H T —MIFAT
JEAECHEZE COALA, FHAT 5 [ LN 1 BT A3 46 Bt
FHMNBAR AT HEER BB B m T Z, %7 E T
DA g KB B R 5 — 2 AR 4R B2 0K, AT SEELA
R E AT LI AR, RO D T L XK SRR SR
FHZE T DX 73 B FFAT SR AN IS T 45 0 S5 25 A 407
ZRIBGN Py FLAC AL SRS SEBL AT E L, Jb T AR
LIS AT I E) AE LA R

Vg = AT 28 7 (B $ 52 B 4P T [ 2R BE 8 FAIG
i) R A EE A R B R AT R OR, HFEIR AR T
Y AR R, A R B ZE Y AR

( )
| LT A N\
R ST~ ¥ ]
s M | S ] o N : }
- ->u } > e e T -
N m b W R W o % W BN 'BEF
P HH e % XKy XA RN &ML AT AR Ok
= it
LRATIL
i) \ J )
NSO A B AT LR S R
8 ATk e

Fig.8

Routing procedures
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Fig.9 3D to 2D global routing process: Projection—routing—layer assignment

JE AR 2 T AR BE S5 B, AT BRI T 7 R .
R, Aizk#s FGRP. ARCHERP, MGRP %5 H
1E = 423 0] R BEAT 4 R A 28, CUGR!Y 4 JR) A 2k 2%
Wit 7 45 Ak A 2R AN 2 A0 i i = iR A 28, DA
Ko B AN AR BB BRI B bR B R 0 — 4 1A A 2R
HEE 2P A T H AR B A LT 5], MR
M REAE T ICCAD-2019 4 R Af 28 35 281 () BT
BZFE. AT RPFIHESET GPU HiF, Lin 55~
Wit 7 —A GPU it 3D BiaAG e H vk, il
ok M R AT 45 A FE 48 5k 0 ik CPU (Central
processing unit) fl GPU {£5%, DL A 26350,

A Jey FAR 2830 5 T8 SN SASE I )8, DARE
TRV I e, (BN [R) 25 (1) 4 2 23 ORI AR 28 B2 IR
Bteg Hbre RBUILT REM TN, AL BRI
— A E sk H R R A AR R RS 5, —
X ICH ) (Cell movement) M4 J& A £k
Fontana 25001 $£ 1 7 —Fh I T2 M K1 1) 5
BT s 4 R A £k %% ILP-GRC, RENS [A] i $0 4T
FICR B IR AT 25, 7R AN 2 A 28 53 5= 1 A 4
T B AL AT BE S U 2R WK BT, Zou 2 IR
T — M E R AR L A R G R A =
Ye A AT LR 51 2, LAS IR BR G HE i 6 AN 2R ) B A 45
Zhu S0 S T SEBUNT BL T AS Bl () U R AL B
T, W5 T — A HEE RN/ B ERE, I
BT BB AR BT RN R B B R 3 25
K. o, TR S B T — MR oc i g
FEERERE B 22 B AT« - P 28 B A 1 7 ok
Lk 7 %, %51 ¥4 ICCAD-2020" 1 ICCAD-
202118 iy B G A% AS B 1) A 28 5 R T AE I DU
DIEAT I RRAF T AT SRR AS R
2.2.2 VLSI i¥4mfzkae

VLS VR4 £ #5575 42 R A 2 4t A 2

185, AR A T2 ERMBRNE, 708 51
BT, K EL R BUMRC R R AR 6 )R R E
WAL L, AR EL K., @A E DRV 4
HAx. FHEAH VLST VA 26 LA EAE ST
BRI, Wk 2 PR,

1) SIEE S Hr. SR 2 %08 14 nm
S CAJE BORAT s VEARAT 26 i) e Kk 2 —, Forbl
ZBUASE FH X EL A 2 AR SR A 36 B A 5 T BE 4
&8, 7 AT IEW0 ) 51 IR, Nieberg™ it
L&A S 7 il g e B8 A, R IR FEAN T AT AT 1
PRAEFRT AN 5| TR RS 5 (0 e R B A2 (E B RHAE XU
g3 AR (Self-aligned double patterning, SADP)
BRI, Xu ZF $2 1 — R sl 15 7 Hng DL T
SR e 5 BB R B A PEAl 5| BT IR AE 5 SR
SCHER™ o K I A 51T T Ao Ak 1) R AR A I X
1) 7 i 1 8, R e 0 R A AR R 2 SR v 7
PG B H FA S B2 K f#. Kahng 557 8 H T — 458
AR BT B B0 2 T B A LRI ) 51 BE5 17 3 B
FEZE, IZAEZERENS [F) I HEAT bRl A 3 T B oo A T
S 51 BIRTaA R A FFAE SRR b, PR T —
A1 RN ) 3% B 60 T 4 AT SR A A S5k DL g A £k
S,

2) BB HC. P 2> K A R AT 2 IR
B (REal 1S GCell MZBY) Tl 56 7 Fl B AR 1)
MEHE b, LD VRGN S B 7= 2, 1
P R AT e MR AN A 26 K B 2 — 2 | 11 Battery-
wala ZFM 2002 4E 5 G 5, AW 2L,
RegularRoute!™ & 2 A7 £ HUIE P 1) 42 =) 26 B 4y
P ) A 3 g e KIS A 7 B i) 8, T A3 A8 1E
(Correct-by-construction) H177¥2, &3 fif e K1
H B A GBS B R E B, 782 ISPDIS™ Al IS-
PD05/06 ™ FEAENREE _F AT T 5IE. Wong 5™
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# 2 VLSI VI T5%
Table 2 Detailed routing approaches for VLSI
LA SCHER (FFA) D R R
Nieberg™ (2011) &4 M 51 BRI PR r AT S 810 0] ) 5 o B A Foundry

ISR j T

Xu 2 (2016)

BT 51 BT 1R s B R SIS VR 51 BT IA A

OpenSparc T1’

Kahng %5 (2020) iU BRI 3 T34 10 16 31 BT B 2 P HE ISPD18"
[76] 77]
Zhang 7 (2012) I TRACEUH T B R AR BB LS PPN e
A Wong %5 (2016) 3T b fOH0IE 7 B ik DAC128)
Liu %M (2019) 7462k MBS BUE 4 OS2 DACI12™
RSO (2019) LT B ORI TREOR (6 0B T U RS R SR 0 B L DAC12¥
Jia B (2014) R e A Foundry & ISPD05™ &
TR S o1y T SRR AL e
Kahng 2% (2018) i IR & SO MU RIIZ R 47 I-AT A 2% ISPD18"
Sun %57 (2018) )RR ST U AT AL ISPD18"

Kahng 8 (2021)  rpy p0 0

EFRBIBEAL 0 2010)

Li 250 (2019)

F T BA S (45 2 B A S0 DL 81, D i B vt U 2 51 4 HET T

TR IAT IR B AT TR S BUS EAT £
ARG IANE IE IR AR DAL AT R I VA R e U s 91 )

ISPD18!" & ISPD19R"

ICCAD 2018"
ISPD18" & ISPD19%)

Zhuang %5 (2022) B BKEh (¥ B8 4 e AN i 45 e A T 12 ISPD19
TR AT Cong % (2005) FET 2 AT RAELE (1) T AR AT 22 2 Foundry
XX 57
Li % (2007) L5 TU A JRIT AN sCIE R B0 2 J2 T RS AT 2 2 Foundry
Du %% (2013) fé;ﬁijg;% Zl(ﬁslzgu’zer-iS—dielectriC) TR 1 % SO0 oA - 240 R P A AR g Foundry
ST ekt Ding %0 (2015) HEF5 4 SIM (Spacer-is-metal) % 4 5 vH X HE AR R ot vl DU Sl AR 1 -4 Generated

Ou 26 (2017)
Yu £ (2018)

R P ASER F 1 W 785 V2 AT 2
5T DSA (Directed self assembly) Y% T2 A U ) B ) VE A AT 26
# 18 DSA J6Z T2 IR T AN A ML IR (1 VR A0 A 26

OpenSparc T1'
Foundry

¥F: * OpenSPARC T1, http://www.oracle.com/technetwork/systems/opensparc/index.html
" ICCAD 2018 Contest Problem B: Obstacle-Aware On-Track Bus Routing, http://iccad-contest.org/2018 /problems.html

2 T 0 i (I B VRAE DACT20Y FE e R4 -4y
BCE, FEARE 75 T0 45 S 40 i AR 6 [X S5k T e A7 76 ™
AT AT LA ] . Liu S50 JBIR 7 — AN A 2t
RSN A EIE > BB RDTA, RE A% 58 J5) 22 k9
LA AT, FERRE 7 T 45 SRl AT A 2
PE. FROC A LT B BORL T BELAL . 8L AR AN
BT WK R OR S, L85 H IR RME M, ES
R BAKMERGY), $ HTE R

3) E T ILP HIIFAT A &k, VR4AN 26 )7 15 B4 It
AT AT B RGP A7 2 J5 T XK AT B FH I o s AT 26 55
KA. Hp MCFRoute® ™ J& —Fp H:AT A% A1 28
SE, TETVEANAT 211 5 18 i 0 73T PRI ) 2R A
IMERE, AR5 5T Z 7wl (Multi-commodity
flow, MCF) J5i%, R’ BA B 4B rH RN 2051 (1) v 2
A 2 10) REAY 9 B B R o) R, (]I R) A
TNETHBRTUAR LI, IS 22 B R In PRARRY 5K figf ik 2
8 T R I A A AR B AR AR T ) RIS IE
T HEVE A . TritonRoutel™ K & )2 065 7 &)
Iy AT ) GCell T8 BE T AR I 18 i Vi A 2 B 4 1k

K| (Mixed integer linear programming, MILP)
T7 R RN B AR AT IFAT A ZL, TritonRoute
£ ISPD-2018" VEAIA £ 5 F8 H /5 1/ % ILP
Tiik BRSO T 2 HE R IO MERR, (B 2498 i 2
WA AR Z B, A6 ILP J5 ) 8 AR K, 8
SR AR FEAR NS . EAR AT DU K8 43 X A A
AR 0] K 538 2 A1 ) S 43 SR, (EARA T
B Dijkstra FIEM A* RAMLFIL, 27T ILP
AT R EIL I S5 RA R E.

4) FET BRI R Z AT, KR SR £
A B N SR P T B U P R RO R R AT O 6, 1l
IEAE 55X 43 B 22 2R IRAT A Ze SN, A 22 2%
FEBCTHRLN, DAMEREAE 4R 3 — %% H DRV 12,
R I AR 2 5 SR B ) 4 B () 1 SEAR A . T VILST
VAN, NFT FPGA A [E & HAr i oo &
iy 1 3 49 FH B TG [B) A 26 X 3R/, VLST A7 J=) J& 1Y
BIaH AT ReATEAT R PIE b, VLST A4 75 2%
F& Off-track A2k Wrong-way fizk, LA H £ B4
(O BE T BRI AG 25 55 ) . %% ISPD-2018!") 1 1S-
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PD-2019%" VELIAR £ 3238 F 5N I BUACHIARR O P [
WA, Sun EF7 SRH 1 BT R I IR AT A 2T
i, ML Z R T S R . HRE R E R
VFE W B R 2 S, (H R o 78 B8 XU A 2
A 38 i 4 1 S0 ) A% 0 T, I HLAE 0 T
KNBEFE BRI BEAT AW, 1BAEZMIE T —k
R GTT B X, e £ HARA BRI 2%
Kahng &£ 7£ 2020 =587 T TritonRoute %O H
1%, B F—/NHF LEF (Library exchange format)
F1 DEF (Design exchange format)' ZaA 2 (1)
TEER I, DA S — A Rt B0 AA e 2 P AN L T R 249
W, T AR 8B R 2 B A I i B v AT VR 4R AT
2 J7 %&. TritonRoute-WXL™ 7E TritonRoute™ &
fill BB 7 A R R R A AT 1, SR TR T
BAF ¥ AR £k 3%, AMUAE ISPD-2018™) A1 ISPD-
2019° Fr) 573 B K45 T JoH (Violation-
free) MIAZR4EE A, T HL LDl B A AE Tk 2485 F 1) AT
2. B 10 o~ T TritonRoute-WXL F1 14 I
1) 25 T BA A PR 4R 4 EE A 4 AR I R, %07 95 KR Uik
b7 DRV s AIAR 2B, )7 B 4P
TR 3 AN FE EAT LIRS B (Two-pin) 2k, &4
ISR T 26 I 4 A 26 2 11T AT = FBAZ1 R G 3R
ANBAFITC R — D =J0d: 5B 1 B4 M bR
B2 W T RKon e IR EAN, F RN EIE
AT, AREPAT RN E; 5 3 WUH T ERER
e B AT L i B T ECER T DABTT LB 2R R ) A 2 ik
OB IS SV R AT B AR B, B X DA i
BT AL BRI 4. /EE] 10(a) H, 3 NI
7] o, ni, no T BEATHIAEAT 2. & 10(b) ¥t
W1 T no BAT S Ja AT R AIBA B IS O, AT 10(c) 7T
LB, 1E 0y BAESS, no 5 na 1AM 1E K B8 18
. ZRER no 7E ny ZHIAGE, I ng VENBGEE
HERIRAZ B Ja T BEAT AT L, ny VE N FHH AR
A1 B Ji TR AT Bk RS AL 2R A, 18] 10(d)
BIR, no WATEST, no 5 no A RLEEEG]. KL, no
R AR 2 A F1 (1) )5 T3 AT B AT LR, no BEHERIPAZI J5
AT B FUIAS 2. B 10(e) 3R, 1E no B E A
A Ja, PIAE R O g, Hong BOBCTHREI
For A R BT IEH. A 10(f) iTBLEH, 4
no MBAFISE IR, A it B s K ng CEAMEM
R, M no BEHEANBABIIN AR — ok, PRk ko i
Rong MEATL, Bl S no FBTHIUES B A K
P B, BB B S5 PR A T 3 A L S I R
TCERMEN, 3 X5 2R ) 1 A 2 B B 58 . 25T BA
A P4 4 B AT 77 SR I 0 O B B U ) FE A I, L
! LEF /DEF Language Reference Version 5.7, https://www.ispd.cc/con-
tests /18 lefdefref. pdf

&2 i 50 &
i R e
PSSR SR e S S
e T R BRI
BA [{n T.0) ] A B [{n, T.0) ] AT
A [{n, T.0) ] 5 [y, T.0) ]
(n,, T, 0)
5 &
(a) YIRS (b) ny, ALk

(a) Initial state

(b) m, is routed first

i | I
""""""""

o Vo
Mﬂﬂﬂl{ﬁ

i L] 4
ﬂ[
JE

(m, F, 1)
(c) ny 5 ny AAAERL S5
(c) A short violation between
n, and n,

o [ P 1) |
(my, T, 1)
(n,, F, 1) )&
(d) m 5 ny AELETEREED
(d) A short violation between
n, and n,

Semo D m e e D
I -
e Low T D] 43 N il

o [, £ 1) ] s
5 Ja

() my WEEATLE, IR
(e) Violations are eliminated
after n, is rerouted

(f) BRIEZE, Ak e i
(f) Queue is empty and
routing is finished

K10 FETBASIIR R E E AT I

Queue-based rip-up and reroute process

HAFR LR T 20 I 2 B DX 3k P A 4 W R 9 AR 2 1) i)
L AEE A, A HEH SOR S Chen 00 £ X)L 2610
IR, TR — P B HATIE B A2 71 MARCH,
JH S REUR B 1 4 B i AR BRI 5 5 A kL B ) B TE
I3 ER, 15— 4 5] BE4% IR R R BRAR AL ) B 42 I F 47 &
2§, Chen 2PV 7F 2019 %57 T Dr.CU Ak 8%, i
T Dijkstra Bk, B AE L& IE M EEEIL
AT R 71, AR T verh s o e ZAn
LRAR NI K 3D VEAAT Lk MM B BEiH T — B R
M BAR 250, N s NIRRT R T —
AR R EE, R 7T —MaE R ER D
FAT T %, VARE— D0/ VEANAT 2R R 1) i 2 i ).
Dr.CU 2.0¥% £ Dr.CUPY gtk b2 & 1 5] Jay ik o4

Fig.10
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MBEZ AR, A PATIBIT KRR, 2R AR,
MAfAIEEE, EAEXSF TritonRoute®™, Dr.CU 2.0
1E ISPD-20192" 13 4 Afi 2 & kX o 475 472 45 K =
B v A5 O PR AR B, AR R
Zhuang 551 7 2022 R T — VRGN L A
TRADER, & o] B0 SR 3 ) 0E J5 e 02
G ENYIE AT %, ARG iEd Rk B A
N A e A LT SRS | M B RS A S N 2 WA i SR LU
AR FLAN T 73D e iR ] TRADER
£ ISPD-2019P £ AER 3 _E EE Dr.CU 2.0 Jgi /b
1 10% VA LRy,

5) ToIIREAT £, BT WA I 2R R A 2R SRE T
PAF I SR 5, 75 0 B B i 1 9 A L A A 72 Y
fErp, — R R R4 7 3K, a0 R-P9 S5 17 i 0 % 1]
AR ELBE R, BAMIER R RIERNEE L
BT Be AT e B, I HLAR 2 — > S 1 42
Jit 3 A B A A2 — AN R 1) R, B AT R B R
P R 42 EEL A VR AR . DRIt AR A 4 SR
TG REAT S, A2 2RI I WS BRI, AT DAAR 468 S
B 7 SR A% FH A 7] 5 42 5 B2 A TR) . X PR 28 i) R
EPEROR, R TR E A, B BN E KT
A WA AR AL, & Y A A RS R T L
Cong M @R T — N2 R0 LIS E& R4,
Li S50 7 — P & PR WL G RS A 2B
AR (PR RIFAER ) oM An 2 s,

6) Y62 TZERIFIAME RS SADP StZIH R
A 4 8 S A I AR ROR . O T SR Th
B i, WAUEAT RS SADP % 1. Du %5 42
H—F 54 SID (Spacer-is-dielectric) % SADP %
THARM BB R fE A& BN R & e s
th, ff T 542 SID 43 f#. Ding 5507 [ 7 25 f&
#| SIM (Spacer-is-metal) L[] SADP F1 FH % #E Y
HBAEHR (Self-aligned quadruple patterning,
SAQP) MIZ)3R. DSARY £t —Fhxf 5 1) H 2 2%
(Directed self assembly, DSA) &%l T. 2 K45 1)
BB ) M b ) 3 P AL 2R A 2. 618

REFH Yu 50 B H — I T e SR e 25 e ) P A
B AR 8 ) B A BRI TR AR R L, DLk b
W 5| 56 22 At e L AR N JE TR A DX A, sk 20> L 1) R
MR,
2.2.3 VLSI £F1¥Mh Lk

VLSI 4 /44 2k 85 (Global-detailed rout-
ing, GDR) & 7E 8 . — P R % QR4 Jmy A e AN T4
A 83 [ i B A 2R AE 2R 4 R AR A A 2 45 B
R RTEAIAMEL, HMBFEAMELRNES R RELR
T FEZR R mS, W 11 iz, GDRouter #i2k T
FLI00 4 R A 2k 4% FastRoute 4.0 5 Regular-
Route!™ 454 7E — A5 142 JR A 2R AR 4R A 40
2. BonnRoute!" [f]4: i 26 2E T Min-max %
PRI E R AR T T 5, FEANAT 4l 2 T 3
P 25 4 b FE 5] B 1) A BE B ) A B AR
7. CUGR™ + Dr.CU" 5 TritonRoute-WXL®!
BA T AR AT L AN VRN A 28 1) AR 2 BT AR,
FEE N RIS A AT 7 KR E o, & H At
PP SCEE AT R G 18 LEF /DEF S\ B 4
A i B 1 2 R VEAT £k 2%, Hrf, TritonRoute-
WXL &% 4 3] OpenROAD!M? 151 H A 3 ik Th v H
F TV A A 2. CPR2.0M %4 CUGR!™ Al
TritonRoute™!, F18 it 4 Z£ 80 1 B 0 s Al A
GEAFEZ PR TR A EAT 2 A AR, $2 e 44T
2 o i

2.3 FPGA E&tHhsk

FPGA PRI A AR R 3% 7T 4 R 10 45 14 72
210 3R T2 HREEB KRN, g —
FRPRE 1A R ANAT £ FR) € ] VLST S, Hi2 4
BRAr B ANAR 2 DX IR /N2 [ R 1Y) 7T 2 R A 2k e il
L B R i AR TSR AL, o S P FR) 45 4 T AR AT
REEFATIEIR /K 50% UL b, R H AR 2 50 H 2
BT AR AR B E 5, FPGA fiZkds
TR R ST IR L AT g FE T 5%, DLIE R HL s 75 22 A0
P A 32 SR e N A i . SR 2 R AR AT R A

AR AT 2 s

LSk

R

RS

SRR . e, LA

Bl AR EanA L s e
Fig.11  Global-detailed routing framework
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Eitd 50 %

TR BEAT 1, A7 10 26N B ZE A2 AR 2 T U6 B it e A
ZRER R, B L FPGA AR 28 B o Z Hu A i mf
AR IB AR ) S U R AT R RV A5 . {E FP-
GA gy, dHH— M M4 5 JEE (Routing
resource graph, RRG) fiif FPGA [FAa £k, H
o TR RS A B R R 5| ) B LR AL T
B, WRNIB S 5% 2 TR 5 H % 2k TR (R 1
Al mFEI o0, F4h A IR B A 1 R R B YR P v B
R MR FPGA fiZk @, T FPGA HAFHEE
2B R R 1 45 R 5, A R &SR T T
FPGA ik J7i%.

McMurchie 25689 7E 1995 4F 55 X $& H 5 T 4
FEPRR ) FPGA fi 2 J7 V% PathFinder, HATZ M
e A1 T B AR OL T 5 B B P B B A R VE AR AT 4R OH
% Hkb BARENRE ki e, T HFHRMAEE
THER B ZERE R, THE e 754 H0 58 ¢ A
i 26 AR cost(e) = (b(e) + hi(e)) x n(e), HH %
TR o(e) = 1D 5 UNBITih e 1T L5 H it
n(e) FrLhe AR o(e), ble) RafEH e AR
A, hi(e) Rox e BIJTERRA, MR ¢(e) > 1, hile) =
hi=t(e) + 1, WAL, cost(e) b H T ZEFE ¢(e) 1)
BTG N, WA 2R A ZE AN cost(net) =
> eener cost(e), MR AL £ P 1k FEAR A FH Z AR B A
HIIA AT A 28, PathFinder 78 AR E LR K =
5k Dijkstra BiEEL A* B REVE, Bin &7 2
WERGN TR R/IIERA. 2132 RIER)E,
T I ZE T 7 ) A1 2 e DR kb 23 R 28 2l S R
At . PathFinder FrI4H 2 b i A1 2o 550322 H AT
o FPGA & FIE M B, BFFAR LN
VPR (Versatile place and route)!" % T H Pl &
nextpnr! T HAEAR LM B i H I #EZ 2E T Path-
Finder Pt 5%, H VPR 2 H §1 & 82 1)
FPGA An £, e A0 H [FIAE ) SR 0 55 77 V5 ok
A JRAIVERAT e 1), FEE R E R AN T
F T 48 5 A0 26 10 B2 D5 4 2 B2 T, DA v A i 6.
SR, B8 LS AR ) A BT 4 K, PathFinder 47 2k
TTEFERT ER R, 7EAT 28 VR SZ PRGN B A
A] AR A £ R AR AL, T BT AR D T B N AT
LR, REMmE .

2.3.1 FPGA #ZEHKARK

XT FPGA AR £ [A] 4 7] 5, 3@ 5 A P
HF B — PR I T ZE P (R 2k A R
174k, Gort &M fidt 1 PathFinder 53%, 5l
2 WS AN S, HAE RO R E A 4
FEMIL M, I3RS T 3 5 INIE. Wang S50 Al
CRoute™ i3t T PathFinder H 1) #4726 5img, H

A DRI ZE R o B 7 LR ) v B AR R AR £k, T
AEEEAZM, J/b T IR Z o R E A 2 TAE. 2020 4F,
Murray M0 % ih 7 —Fh H IE B &AL A
AIR, TERFIRIFER 5 A I X AR BR AV (1 A7 28 58 15
A B I I K ) S R AR, RN, BRat s By
o R R R L e TR T R R R R AL, S
VPR 7 ik 23 AHEL, AIR fig sl FEHR & 1 7 15 DA
b, TR TIERN FPGA fiZ )7 & CRoute,
W 17% BIAG 2R 1], FCRoute!! M ¥ it 7 —F
TR BCA 28 2 (B BY A 5 VL DAL 2 AV
JRISHE, fEpOE R R R IR R m e
A VR B bRE, oV R FE R R AT AR Ab
T AR AR _E RRAR S 27T 55, SR 5 23T U W )
Pig ok m R > T R AR IR R
FCRoute TERf R4 R4 &R 68 M RN 32w 171847
BeF. 5 VPR 8 rp g e i (A 28 2% L i R 0
FCRoute “FIJERMN A 2] — = [ A1 26 BT 05, 7EA
WPELE RIR B REOL T, P> T 45% (g 4Ti
[f]. FPGA fii 46045 n] i B 2 4 P (Configurable
logic blocks, CLB) W#iEL A1 CLB Z [ [fIE4L,
T IR B AT R ILE 5 K CLB P 3#HOR
B ARWE LR AR R K& IR, Wang 2502 1511
T—/ETF ILP /) CLB W FH T EA L EIE, K
KT CLB WA £ 2, @it 1 BT ISPD-
20161 Ay 4z 3.

A —FIEF B R HAT FGPA fidk. BT £
WA P 35 5 B TR AL B 88 10 K, IRAT A0 R ik
PathFinder £ 43 #2 i — Fh ek B A % 5] 71/
J5 i R IRAT T IR, AT DA IR AT A 2k
FiAR I MR FPGA HATAREHAR. 40k FP-
GA HAT A LRH ALK B F AT AR L AR MIRA .
FRLEE FPGA FHAT A 3 AR T 42 W K1 43 A
[F 3 X, FEREAS 73 X A AT M7 I A S84, DA
SEPRINE. e £ A 2R PRIE RE E T X Kl 43 7 =R
BRI R L AT I8 53 R e 1 R 5 R = DL A
M) R T AR 2 RN 2. A0RLE FPGA FH4745
LR A AR BN 2R (1) A7 2o i F2 S AT Ik,
LRI BB T A7 A0 2 R R 1 AT DA B S =
I FEL T AEH LR E.

— NEEARE) Z A WA FFAT A R HE S
Bl 12 B, BT 2% AR 35 4 e SR s 1 73 31 i
AL T A, 7 BITERRG, 104k B @A
I3 A SN AF R G AT 55 R B 1) R, RS T I 2R
W FE BN [  N A ERE . BN EERR B AT — A 3k
VPR SZf, £ 5755 B4 6 10 28 W AT A0 e 3
TrYE 5 QLRI E S5 R, BLFE A 4R B AR A S I
FEMAAE B, AE VPR S E] (45 S [F) 25 8 it 7
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L T4
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@ TAE ALk
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BALEHE N (Message passing interface, MPT) 3k
. 4 M FRAT AR, AR T A A
MPI ¥ B4 g5 1 5 A g2 d (5, HEDP %A
AR AT 2R 5 B AR JE R 58 & AT IRAT
Lk, B2 TSI ATEA R 4.

AR FEAT AT AR A DCE B R, T Ho2 vl 9 @
A E . AT FPGA A4 58 1, Shen S50 £
R T RTIERK S0 FPGA JATHRL TR, Bl
=200 FPGA R4 PR AN X8, AR4E X 73 1)
SERAF BN =AANE A B s A XA
LMNEE LR FTERIERAD T XA LN ES.
FH T AN DX P 350 () 42 X AN AR AE, BRIt 7T A
PATFAT L IHERAE. ATLOEIER P NER
AP YR IS AT 2 7712 B HAT BE, (R BE A 18 IR AR
N, B XA M E B RN 2 R EL
FPGA FRAT 40 &7 1 (M AT BEB B R, £HxT Bk
i) @, Wang SE01° F2 H 1 — MR A Ze Wl 73 AL |
ParRA, 754k W36 I K1) 43 (e 75 4 & K 23
MREMES SHEBLMES, BEEIN A7 6
FAT AT ZR I 2L B B . B X AN [F B A
KIAN [F] ) FEAT AT L SR, IF HAEAT S #2 AR
Ui M AR R 5 5 LA S A7 AN B 1 () Tl L AE R T
VPR 7, 1£ 16 4% FRAF AT 24 5 IE. T2
Z TE) B 2 5| VR AN R], S A 2ok 78 mh iy i) 1Y)
T REEANE], BT B S BUN A% AT
O THI s & T 4 PE BRI . Shen &M 2 T —
A [E] I 2% FE A N B 2 R B8 () AT A A A%, o
TR I G DX IR 7 W AT B AT 55 73 BE B A [R] ) Ak BR 45
10 LLSEEILERAS V1T, AR 5 AR I8 AT I PR 9 S
AL T, LABh A3 b B 28 1% 0o 2 R 1) 171

Multi-core distributed memory parallel routing framework

O, ST FPGA A ZedH bh, 78 AN A 28 o
EIE T, 76 32 IABE N SEIl 7R 17 £/
. BARFFATA L HOR A DA A R4 B nIE, (EX
FRAT SRR SCRRTD SR AR A B Blohl 2, T e AT S
BCRHAE AR AL P2 AT TR ENLE Bk v TR A g [e]
MAEANE P SCRFRE AR 5. T, Shen &1 $i
T — Pl G R SN TR B SRR ARt R AT AR AL
PFEAT A G s, AR AL 7 3 B, 1 H oG
WA 2 /DA FE 3%, 1% R A R AT A 2k
PG5 AT AL A AH R 25 5

ANFEFARE FPGA AT A& AR, 40k fE
FPGA FFAT AR EeH AR AE AR e I A 23 038 46 A (1) Al
7. B8 Gort 5120 X HSLI0 B AE IR AT 2R 5 4
THRIN, 2 68% ARG [A] 48 3l 75 28 0 28 Ze v 1 2%
A JE 1 DA AR S A F A AL b R, e
PathFinder 5% 1) 1K B Al 28 48 2847 ZH0RL FE Ik
B R TR A B . Shen 02U SR T —Fh R T
GPU M40k FE FHAT A 4 T732, 7T LU KRFIAR FP-
GA LIl E R M HFAT ML, %7 RAE—1
LR IR FERE Y T AN & 78 BEANAT 2 TR B B AR 28
SRIGAH BRI e BIL TAE, DU LR 528 0 A 2%
W AH —ANAATRIRE T %, R EREAN L FHE N
fH A ERE A GPU LR, X a1 k473
SHRNFIE MR AEHE R, SCIH GPU L&MW
HATAME:.
2.3.2 FPGA f&kREMKL

YT FPGA A 42 )i & n] @, Zha S5 8 &
M7 PathFinder 55 A B, J I G A 28 41 2E 1n)
E U T B 2E R BT SR S A AE 1)
B & T B [FIAR G T A 26 0 = (A8 4. XA 1)
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S 50 &

AEAE VTR 811 Hp B i 8 Jf H AN AT 3k fo b B AIK
TR, RUAAE R ZH0E 0L R T X Am 2RI
FA R, T X R B, AT T — Rk
HA PathFinder 535, e AT ZE W, DA
B A el 151 P SN Rl o S
A 2R B AT R L PR AN 25 SRR, 12 AR A &
IRV T, B R ICHHE B A2 B JE RN AR A 5 9 1) PR AR
7 49.4% F1 96.2%.

INGG

SR, E TR R T VLSI f1 FPGA &
R AT 2R SR AE ROUARRES A 28 P LA T AR 7 (1 2%
R, AR BRI AT F 4 85 R —8, 487 R
{18 BT L AR Y5 AR 28 T L A% O Al 2R B K 22 # R
TR R RN 2R ) A 2R . (HAE O AR AN T
R B R FE AL S B U AS BT 48 im0 i
BRELT, ALEENARS AR ELER, &
A 28 W B AE AT n, ik T AR R 2Ty
TSR AAAG 25 0] R ME . S A, IX BRI Lk 8
IR T N Tk e 8 R RS, ok i,
WA 1SR A I BCEIAE. R, BEE AP T2
R, IR AD F A TR B T XIS TR T
BRI AT RS AR A A e, W7 KE W
TZERAN TS R TAERE. FRk, 2T
K98 2% 0 R e AT R SV E B CPU THHE %A,
BH A& T GPU %R, B, SHRE R
B H A R AR 2R S AT AR R O A 2R AT
FKINFE B,

3 MSHIBEFEINEEMELTX
PR S 7 P B A6 ST R0 B T4 65

24

ANWEEE I BE 7T B AR R S S S SR Ak 5 ) B
R RA, N RS Bt BBt (AT for EDA)
TR B RGBT T2 U, AR TR L A
FrBEVHURRE P SE T AR Ak BT A T 4R
BRSSP HLAS 22 S BORE IS T . N
T I N R A SRS B, WU AT A6 4R
A NG 21 SRES I8 R P B 3 A e 7
% BEGETHRIGEIEAR, T2
ST N W R4S B A mT RIS B R Be it A
LA, T A5 B AL HY 8 1 5 3T e I SR Bl 3t 4T
RNBIIRZR, SR A A Bk 70 B A1 Ja) 7 A 28
P, T 1 28 A A RO A B DA 2 SR
LAR AT R 1. — RS LS 2 2 A0 207 10
ATEITREUN ] 13 Pron. MR BERE I SR L0 sy
AL ECT7 ORI R AR A A 26 )k AT 0 Ak
B, AR B R BT 92 58 O B e & AR 2R W R AT
LRI ANAT ZAFAE, S0 N AT 2220657 5] I 48 BEAT 27
SIFFF A R 2%, SR T R P T e 56 I 2% o B
B T R AT 24 e AT RIS B, AR A A £ 45 R AR
P PP 22 ST O ROR, a0 R 2 ROR BeAT 38 2 1Y
MURTEE SN IR S VIR R [ e v e o o

ARG T IR 3 TGS 52 ST 1A 2
SR, R FLAE AT JR) A0 2 & B B BT g o 1) ] 8
Ir =3 T ou A R A AT TV BT A
JR AT B ARA I 28 T3 V2 R0 T PR A0 A SR AL 1 A 42
Tl

3.1 ETrHmBEMHTEGE

AT, FT U AR R AL N A 52 S AR 2 T vk
T BRI AT AT AR 2R O A R R e AN A SR A 2R
P21, Wik 3 Fros.
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Machine learning-based routing process
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Table 3  Routing approaches for cell placement optimization
fE% SHELE SCER (SR A Kl tE
SVN Chan £ (2017) VLSI Foundry
NN Tabrizi 710 (2019, 2018) VLSI ISPD15!
CNN Yu 202 (2019) VLSI Generated
CNN Liang %51 (2020) VLSI Foundry
LA AT CNN Xie 1% (2018). Huang 25 (2019) VLSI ISPD15!""
CNN Chen %5 (2022) VLSI Foundry & DAC12!*
CNN Alhyari 250731 (2021, 2019) FPGA ISPD16!"% & Xilinx
cGAN Alawieh 2% (2020)+ Yu 29 (2019) FPGA ISPD16!"
LHNN Wang 25047 (2022) VLSI ISPD11" & DAC12%
it R RAL RL + GCN Mirhoseini 25" (2021) VLSI Foundry & Ariane!"*
A JRATZ RS RL + GNN + CNN Cheng 111712 (2021, 2022) VLSI ISPDO5™

OB T I R R IR A R B B R ) R Ok R RERT
A 26 35 AN B 58 BT 2R I A T e, O L R
T PR LR . A 28 45 SR AN BE 6 2 ThRE A A 1301t
BRI, B ATEAG LB B el AT o B 22 5 5L
M BOF A AT IR AR AL, X Bl e R IEARHFE R T AR
UAH 4 2 IS TR RIS 3. R T 58 G Mt A e IR A i
AT 2R I BCR RN R, — i FH (1) SR s A2 I B il
DUES 1 A R P A 28 FRAR 8 75 L Rk U B A )
SR, AT SR B B TIPS aT A 2R P (s B R A 22
JCHE . I AR AN S fE R ZHUEOL T, EA1
ZIHMsEbr R RBEEREZ, AXAGRIE, Wik
2 i % B IR 4 B IE B . L8 2 S 1
NPT R ALER R, Bef8 o B KB 5F
PEALTII AL O, Rk, B AT N G2 22 A AL
A2 SR T ARAX — PR 3.

FE G 1 AT A 26 PR DR Bl (1) AR 2R SR KR
THEE A RAALBR, 16 B br R b s Bt
FTEEAR, {HAE 14 nm PURHIFEB9C A, B30
T 2 R IR T 2 5 EAROGZIR 5] B R R )
BT A SR AR 4R A ZE ML I ] R 5 A 4B RN i 45
A Z VIR G, N T SRS A (W T, Chan 26020
A JR RN A e A 28 R BT 5 BEIRT BR G B L
55 MRER. 51 B RS S, 5l AL
2 TR AR T 4 J7 A7 2% J5 1008 T 0 D)3 f31) s
SEEGSE R Z 7T T 74% WIEARAZE DRC
HEIMALE, A Rt T 20.6% 1)
7). Tabrizi S8 120 J PLAE 42 JR) A 26 H 5 4k 22
W 140 Je 0 45 DX B A e 52 i s 2 A 28 10 Jofi 1, e FH 4
JR AT 2645 J2 SR TN i 9 RE R ELANIE AT 28, v E 1 Tl
M sE Mk RAEER, REEARER, IF
158 A 0 o 2 X 4% A TR SR A I i B 3 ). 7E IS-
PD15"7 J PR A b () SEEG R, 1% T #% mT LA

Ferill 1) 90% %5 2% 1 1.

BT SRS T EAW /N, bRk oeAs
kN, BeE SR, BUKE 8 B iR
BT R T G| B AR ST RT A PR PR A 2
BRI 228 BB ] i A5 900, B DA HE R 20
Frol BB 2, B0 5] R eT s+ 2 BEAE B AR
HZE M2 (Convolutional neural network, CNN)
(732 S AR A NEDGIRZI 53 A0 B brsill fe
73, Yu G A T 5| AR 5808 32 SRR, $2 4 —Fb
CNN FERURBEAT IR 5 >, l i B8R T4
JE 5| AR U AN B 5] VAT 24 14 1717 5 Bae -0 ) 35 451
R, AL S| BB T IsYE, $8 S8 g4 . H
TV R0 35 18] A RSCTION PR AT g 2 ) A B [ i)
2 i 3 R ) 5 BT AR B SIS 20 1 2 1 L aE A
BG4 R4S B RN, B B TR S 5
SRAFAE T 1) @, Liang 260 5]\ 7 —H## i B
TE BRI E W85 R J-Net, 7] LLR i HAb %
Tl N R H 23 9 AR K

SRTT, IR TARHS A 025 7€ 1) 570 AT Jm 2047 =)
B AT AT PRI, A& H T E AT R E, st
AT BV B A R P, BA B R 5 45
Bk, Pt #5722 A0 R I AT A e P il A
RLL RAEZAE AR 3 N I 5 A R s e o b B ).
RouteNet!"™" & /e CNN ) EUE L X0 58 /) 3%
o B R, DA IR G Tl A X, X T
DRV # 5T, RouteNet HIHERf % k4 R A £k 3
& 7 50%. Huang 5" 7F 2019 52 H T —Fh 2L T
CNN ) A] A 2 1t TR R -4 FL i N 31 2 A1 =)
rh, JE R E A ST LM IR KA I R RAF BT
D 8] f /MK Y BB 5 AT JRy . Chen 25092 257 1 4
T2ER M4 (Fully convolutional network,
FCN) K351l 2 PROS, AT LLR % #h 00 o6 2%
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Eitd 50 %

AR JR B B AT 2R B 1 DL, 85 B R Ak 4 R A 2k
THMERAALRASE. LR, 76 T3k
WAREAF L, PROS AT ASE B ) 1) 4 e A £k 3 28
TR FE, P48 AT PR AR 11.65% 8+ 300 i3 41
7E DAC-20128% ZHEN 4+ ), PROS 528 T
1.82% WM& KAt H iR %, KRR T FLUTERY
(21.52%). /£ FPGA 9, Alhyari 050 24 1
—FhET CNN BERH BR 5 % S HESE DLRoute,
F T 10045 & T A 6%, 7EL 8 ISPD-20161" Ay
LR AN AT R 55 28 A Xilink! [ 3L 372 AN
Bl FEIB AT AN L= B, RS T
97% X1 AT A7 2R P TRIRE % .

PR FPGA RJAR L M T i 250 %, 58 [ 4 v
BT Alawieh S50, 98 [H FEAR /RS Yu S50
5 7] L AL A Image-to-image 1) /@, 57 T HEF 4%
A AT P 4% (Conditional generative ad-
versarial nets, cGAN) AL 5 SIHIAY ) DL
FPGA &7 b oathAn R B A LR 3 15 i, b
AR BB B Has AT If E). KT, AT FPGA it
BN Re BN T & AR L S R A 4R L.

Wang 25057 @) 37 14 b 41 2 768 PR P A A
R, FH CLOR B 3R A5 AN TE L] 23 () AR 41 23
) FR AL AR TR S, T B S 2 4% 25 P 1 S A 1S
PREE W4 GBI 2 Sk IS B A A TR EA
M2 5 KPR ANMESS. 48 ISPD-20111% F1 DAC-
2012050 F IR B, AT CNN 28457 U-net,
F1{E#T+ 35% LA L.

BT R A J2 IR AL T 0 3 51 oA B =) I
2 R FLAE 0 R P B GT IR AR SR R ] 14 B,
B 14 H 7 SRR IR, A B SRR BN R Y S ek
i Sk n T UISRFN T (1 B 42, e 42 i Sk 0 & )
TR, FERALIZRIT, B 5 A B 284 /) —
AN, SRR R s R A EE )
TR DX 5k I B DX S5 R AR AE . [R] B 487 A e 4 1 o 3

K 14

PP g A 2 R BEAT A 2k, SEHUAT S KA,
AR ic ) H A DX, XA AE A3 451 25— [
AN B2 )ROSR ZR T R G, I 505 IR i
RE AN R] PRI AT R BTt o Ft it 3 A 2 3 48] 1) 7 2
AR K Mirhoseini 28139 F 2021 A & T
RE AL F 2] (Deep reinforcement learning,
DRL) H v A7 Jey BRI J5 v, a3 ) A7 J=) 4 1 8
3 % B T 2 AR R ALE At B, S A 28 1) A 2 A A
ERBN, RREFERICNTEMNE. & 1E
Google TPU (Tensor processing unit) FHJ#
Ariane RISC-V CPUM ZH sl () # 4w 48 E i)l 20
WM, FEAZ] 6 h BN A, H 32 R AR
KITE T S8 fia by (BLHE DA PR A ) b
AL T B85 N R (BT BIAHE . HJE TR T o
27 23 B 2 A MR Bt 33 451 0 5 A7 ) R A Y 1)
(A& 15 Frow) i AN ALFE S 5 B TR E . 3R
R MR B IThRR, DL R o
i, 02 NIRRT B TC I SRS, 2 B TR
WA 2 el N B 5 T IA 0 B AR N 4%, AR IR
M ITTHRN, ITF5 MR o Bdls i B R — i,
DA BCERANRZAS HRON 4R T A 32 28] 4 T 4 P 2%, 4=
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% Cheng %" J- 2021 4 @57 oA /5 B AN
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Fig.14  Design rule violation prediction framework based on placement information

! Guelph FPGA CAD Group, http://fpga.socs.uoguelph.ca/
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Wirelength and short violation prediction and floor planning model

based on deep reinforcement learning
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Table 4 Routing approaches for global routing optimization
fE55 KR FEHESE SCHR (FEA) it e
‘ CNN Hung %5 (2020) VLSI Foundry
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CNN Su 5 (2022) VLSI ICCAD198
i VAE Utyamishev %M1 (2022, 2020) VLSI ISPDY8™
i 3E gl A - ;
RL Liu 59 (2021) VLSI ICCAD19"
. RL Gandhi 217 (2023) VLSI ISPD18M"!
L o
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Global routing based on A* search-guided reinforcement learning
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Table 5 Routing approaches for detailed routing optimization
(RS RE HVEELE SCHR (SE47) Uy tit i g
RL Gandhi %' (2019) VLSI Generated
W S51E5E RL Ren %5 (2021) VLSI Foundry
Random-Forest Siddiqi 25 (2022) FPGA VPR 7
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Policy network and value network in the reinforcement learning framework for net ordering
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Detailed routing framework based on multi-agent reinforcement learning
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1) TritonRoute': 3&[F A4 JE K5 Kk
I3 REFF PRI — AL F A oy A 28 FE 20 A7 42 11 iy 28] o
O HB A8, 1Z A 4% LA LEF MAG R G 1
DEF fE AN, B& &R, E 5T THZED .
S BIERE AT BB 2 FELRAR 2R W R 0 4
&S5 BE%6E, X ISPD-2018!" 1 ISPD-
2019C0 T4 A1 2 LU 28 Hh 1 R 22 H50 3k FH 491 41 e i
T WrE RN 3 1 AT 28 77 €. TritonRoute FJ H
A S 1) T el 9 R A R B AR, B
L5 3R EDA T H OpenROAD!M i,

2) CUGR’: FF s TR ZFIFIE I — A2 R A
2R 2%, 5 DALE A FH At 2 K RT3 2 15 LR VP A 28
R4 AT A A TH, CUGR /& — M PRgifi 2k ml
R YE IR 1) 4 JR A 2o 2%, A8 FH R4l A0 44,
Dr.CUPY By A0 2645 A NP brifE. CUGR i@
2R A RAALIE S, AR — DR
TREZ I A 7 R 45 A XA 26 AN 2 20 Tic 1) = 4
BEAAT e BA AR BR BOF H bR P 2 = 42K
BEARL, UL Z PR T HAR D S A Zda 5], CU-
GR 3% ICCAD-2019°" 3:F LEF/DEF {14
A 2 B B (00 A B A 28,

3) Dr.CU®: Frilkh SOR IR — N TE4EA 26
2%, 3155 ISPD-2019"2" FEAIAG 2L EL BRI SE — 44
Dr.CU FE4IAT 448 LA [ LEF. DEF DL K AR 2%
fRRIERTN, Wit T —EWRm s 4,
BE T Dijkstra 5%, #&H & IEM R R
AT L TT R, B 2 5E A 26 18 DEF #% 20
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Table 6

Public datasets commonly used for chip routing

g LIS T 1 Hln R LRAEGL
" SAHZM A6 ~ 8ZMAHB, ZRHABILMEE ., 0 e
ISPD-2007""" 168 ) 176 715 4B 548 073 ARG i AL BgK
: - =R BIE L 8 A6 ~ 8 mIR L. . .
ISPD.2008"" 164 £ ISPD-2007 £ 2 F (I 56 Al L F4 0 8 A~ 6 ~ 8 )2 B B BT

FA, ZRIAECE M 176 715 ANF) 1 647 410 MAEE

M ISPD-2018 1 ISPD-2019 ¥dli 4 -FiREL T 6 4~ 32 nm i 4 /A A 2kt O A 2648 5 S\ Dr.CUPY, F4F

L Rfigk  ICCAD-2019" 124
A g1

" [67] N . e
ICCAD-2020 121 AN 332 080 N AZE

_ 68] A "
[CCAD-2021 107 451 332 063 A%

Fa A ), B BRI G200 5 2, TRIERAN 6 fETEAIAR LS RO Be RN S B4, B L B

BT K

3 ~ 16 /2, GCell BiEH AN 277 x 277, KMEEM 6 TRt BIFHE. BB TREIIEH. 1 /BT

IR PR

3 ~ 16 2, GCell i KN 277 x 277, LRIMECEMN 6 Fii . EFF M. B X R B f K e i ah R

Hils 1 /NI AT I PR

45 nm F| 32 nm, 9 JZ, ZLMEEM 3 153 4~F] 182 000

‘ ‘ ISPD-2018" 10 4 N B RS G A @ TLEL BEK, BT K
i ispoaotg® 104 5 B 320m, 5~9 J2, VRN 3153 TEI8I53 3y sy it s, mALSL BB, BATRHK
— op T BRERET, NRARRERI TS i
FPGA AL - o KRBT BHEE I ARAEREERN A TOH

805 063, JF1EH A A 90 778 F 1 859 485

4) EDA-AT": FiACE RS FF IR — A3 T A0
JRAT BRI iR A 2] B O A AT R A T Y A S B8 B
53, AR B R A SR ReAA S 4 I ik B 7 T,
SRR RN, JE T R AR 25 A A2 SR e o) 2 A5 24
A G ) 4 SR AT B T7 5, AR TRl e K A4 28
SRR FEAM R ML IERE. EDA-AT H 1 Deep-
Place 1 DeepPR 7743 £ X% ISPD-1998" 1 IS-
PD-2005"" {1475 Ja) A1 42 JR A 28,

5) VIR (% VPR)® &— /1 # FPGA %
FI M Verilog B AT 2 I FFIRHESL. A R A 48 1
A VPR O ZMNH T Z AR FAAF L FPGA
A R AR 2R RS, VPR DAL i (R AR K B
fith, SCHRER P IR AT R AR £k, B A B ALERAE
S

5 WRBESAREKERE

RSO AR T 2 b T R i B e AT 27 ik
ANEE T WL s 2% > R BEAT 2 732, IR 80 Fr B REAT
LITVERIR B in g 7 s, 3R 7 AR YR kIR
AT 2 PR, 0 Dy B R A R R A 2 2
AL TT %, FHEIRTER L RS 2 RN &%
! TritonRoute, UCSD Detailed Router, https://github.com/The-Open-
ROAD-Project/TritonRoute
* CUGR, VLSI Global Routing Tool Developed by CUHK, https://
github.com/cuhk-eda/cu-gr
* Dr.CU, VLSI Detailed Routing Tool Developed by CUHK, https://
github.com/cuhk-eda/dr-cu
' EDA-AI, https://github.com/Thinklab-SJTU/EDA-AI

® Verilog to Routing, Open Source CAD Flow for FPGA Research,
https://github.com/verilog-to-routing/vtr-verilog-to-routing
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