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Abstract: As integrated circuits (ICs) become larger and more complex than ever, to increase design auto-
maticity and productivity, agile design methodology has attracted a lot of attentions. In back-end design of ICs,
machine learning technology for agile design are required to build a no-human-in-the-loop RTL-to-GDSI| flow.
For chip design, timing performance is a critical but effort-taking task. An accurate timing predictor, which is
highly correlated with Sign-Off timing, is desirable to guide the timing optimization in the early design proc-
ess. In this work, we propose a feasible framework for timing optimization in agile design. We also give dis-
cussion of the prior researches of machine learning-based timing predictionsin RTL to GDSII design processin
detail. At last, we further summarize the challenges of timing prediction in agile design from the aspects of data
preparation, problem modeling, practicality and generality.
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D R AT ER K T . SR [13-14) Tl S 2 ST A
BRI ) KRR AR, T I LA B R X g
FRAE g7 Z2 IR, JF AT 2 A F; SCHk[15]
R —Fh N T 22 W 2% (artificial neural networks,
ANN)AY T R FPGA %3 K, ¢
Mk [16]38 i< A E e 45 J7 7% (mutual  contraction, MC)
o A A RH AR 2 I Hh A BT SR A TR X
ik [17) K FH W 78 B % 42 K B (intrinsic shortest
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ST LAA R AR AR AT 2 B SRR B PR IOk
TOERf L N A, SCHR[20] 44 ) — Fh i 7 (&I i 22
I} 4% (graph neural network, GNN)J“Net® £& K f5
AL FE GNN RS H o e 4 e e il — > ] 1A
BAKM RS R — DT 8 LN Z (A A S
JCHEAT B AR i, 2 Nk R ] Y 2 3 BT RR
TG, QN 5 PR, BTG A H, n g
BEREn, Keng; DIBRSNTT D TG, ngS5n K&
n, FH .

b. LA R
K5 GNN HLAZE R0y 15 s i P 7 ]

FE GNN BRI RS2 45 5 A RRAE A 5
T R R B AR A 2 AR 2R
DK By T FR | YL DA D A TR DA S R i 2k
RSP R & R S SIS SR LRI
B RN BT B M &K i h Jisgm. T
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FUbR, 035 T 00 28 191 40 6 S i 420 e O i s 0 21,
FR2 T I Y 0] R el 45 B AEAFE Sign-Off B
H 25 ZE h5 25 (Ground-Truth). 33X 2 K A ] — 32 48 45
A% I D AR W] 6 I B P B TR B 2 R
[F] S, 3ok AN]SR B T8 A T AR R B G B
2SR E. Rk, ZHE5A
W 2 BT P00 ) 26 A BB SE, L Ground-Truth 7% &
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B A IO ARE Y 1 32N R AR BR T — i i S 40k
BN RO A B, A TR B A AN RIS AR
BN S R, I R S8 e 3 P n] AT S
AR DA
32 HmEME

TEA R BB, T ORI T, 4K
AEARR BB AE R, B R ) SE
TCREMERR A, SCHBR[ 220K [T A28 R 2k i 4E 5 -7
— R T I, BRHETER net-based delay, H:
net-based delay 245 M driver 2| HXf 1 f)—> sink
BT | B SE, f04% driver B 2E K FE 3] sink fiY 3% 26
IHEE. b T R ARASEAL, AU X 43 driver (R[]
A GV B bR BN R BERE, i 48— R
o 25 I E AT .

M T 7R JR B Bele A A 245 5., SCik[22] it
HE B B P AR AR S LA R T e G (1) Z6 driver
A sink B2, driver i H e 2558 5 5 H K
SR R G, Ak, sink BiHL 2K driver 3R
Z, X 2 FhE AR AR A slew THA AP E
PERZE. (2) £M driver FIHAR sink 22 8] 1B,
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driver 25 H A5 sink 8 7K S F13E B R 253 5 -5 AN
LR I SE B IE L. (3) £k X driver Hii A slew 5 KfH,
slew 5& AR5 B AR )R], slew # R AR 5 Bk AR 3
P, 2 M AEIR A sink slew #53% driver ki A slew
f . P ARE R A Z T A S EECH
ANIE], T ML AR TR T 1 R A KD, R
SCHR[ 228 FHZE M driver BT AT S A5 Z H Y ek
slew fEAERHEAE. (4) L F3C sink 1907 & 5 B AEAG
it HAR sink WRERAT, 5 H R —Z M A9 HiAh sink
Fo4 B R SCsink. B FOREZ M R SCsink £ H IF
AHHRE], M ML BERIRE S KN, PRI,
SCHR[22] T A R SC sink B E L M 4% sink
PIETE XIY AAR R RYFRIEZE R R 1 F 3 sink
(1) 53 A T L.

SCHR [22] 358 £ Bl BL AR AR 5 325 47 5 8 1 2
TOO. X2 A B, S I T I R R
D H % B B A S, 2R PERT Bk H w5 2
Ry 15 A Y slack. AR i 1Y A,
B 25 77w A L i A0 slack SRy B, U3 5 by S
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SR, % TAEE N R B B e 3 F ML
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B Sk mT LA T B R T I R R B RS 4 Ak Sk
i — 25 a0 B 0B A A AT, B AE OGB4 SRR AIE 2 R
WAFESEE, LIS T 300 o A
3.3 CTS

CTS Wit iy — A CHEBY B, B BhAv ]
DU IE R 4 ok r 27 7 7 B9 B A 0 9 O 22 B/, A
MR UE R AR e Ret:. SR, i TR 5 19 1))
FEAES B DA 7t R, H S5 AR 2 Mt v o
e A OE, TR Ak B B AR A Bl Tkt A L g
ERYBOT R, R E IR . . B
W BSOA 8 5 1) R4S SO g 25 HE S R R A I
BRRS, DTENE )z R S0P &R, KBS
A S B A B AR by, I DR |
B BB K EE. B, CTSAS M E & F
SR, R TR FERT .

AT WEERRITE R fE, fE CTS A shik i,
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iR SCik[24-25] 18 F Se 12 > Ao d e Jr i 1
B Bh D R A B 2 1, SCHR[26) 81 ANN 30300
SEHHhIIFE.

B B B SO0 A A B T, SCRR[ 2713t T
— g RO R, IR 6 TR, B e M il & 1 o

A B M 23 A7 DA Bl 4 P R O TR 4R
Ji AR FH 4 HBCH) 4 A AR AR 2 v % i A AR 1 g 1T A
BRI CTS 4523R,; fJa i B8 e, F)
FH A= R0 0 4% (generative adversarial networks,
GAN) A58k~ 2] (reinforcement learning, RL)1:
b CTS, JFXF /R Wiy CTS #4753 25.
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[ Flip-Flop | [©)
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EM&M B T H SR EIATHF LAk, 18 H
Sign-Off T HIFA 78540 Hr FL A S Bua 1 it a)
K, IR A AR, R, AR A R B,
A7 L2 B B O T bR L Y 10 S TN 2 ok T G
g FR T B F L, B2 I SRR,

JT AN LR IR Sign-Off T H[1
I AE 22, SCHR[28]4% 3 Tk RC EIfE B ME
LRI U

HTIAET A LM T RC EIHB2 I 1 RHE
gER, XTSI, FE B T BRI R R
FERAEE A 7 I ME LA 2. I, SCHR[28] 4 H —
FRARRE 4544 (A 15 5 1, RIS 3R RC & L3007
P 7 FoR, ERFELRIR: £ RC EIRY
BE BB BEAT — 1 AR U)o s, R S —
SR, VI 2 SRHHE AT, B 24 FT N
% HEEABIL, AR, RC FEHGFEAR
B, BT TR A BRI AN, (H R AR
1T p L S R, P A 2 T e T
TR, BE X CHRIE S5 8 RC & HEA T P 4R
fIEHEHL.

SCHR[ 28] B LA Ik R RAE A 5 SR S5 | B A
slew Dl J RC EIMAHOCAE B, Horb, RC B A
EAFEEE . 3T Elmore BB AS 1 n 7 Jik ip st
HE . FET D2M IR 2 M R Dk o e SE | [R] £k )
HYAHAEFH Elmore B 4E | RC [ H A AT 53] H
BT 25, RC 6428 Hp %) L BEL L R i FEL 25 R I B3 isf 4iE



5 4 BB, &5 BB P AT LA ST B S IR oA T ik SRk 647

c. ZIFEHRCHE
El 7 HERIE RC ISR A A SFE T SRk L35k

40, SR XGboost ML A | 25 2k fisf 4iE T
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3.5 Sign-Off frE%

fE Sign-Off By BCaT LAEAT MR Y L % S 508
B, WIS L S R . ARG RS, Wi,
FET Sign-Off [rBeit STA T e, i RRAE 2 5
Fo HA BT F B B o = 5 AOS . RIS, Sign-Off By
B0 B AR5 ] R 2 A Ak

(1) Sign-Off T H[b]—tkm &, F4E 2 Fh
STA R TR, HEH Pt A AaEES. H
T T EFUESS & 5, BT s 17l
NIV BB T O T AN FRE, AR
L[] F B 4R 4 T

(2) SI R, F Rl Sign-Off T.H
(ARSI T AR Fliz 47 s (] iz Sz {1 T S AR X,
1M SI A B IR 3 A S, PRt AT L% SR
FAE S| BC 25 10N S| AL, 78RR R F s
TS 1) Fr Atk o A AT v A

(3) & T AR BT 43 1T (path-based analysis,
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