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Digital Chip Layout Method Based on Reinforcement
Graph Attention Network

HOU Honggiu, TONG Minglei, LI Yiwan

(College of Electronics and Information Engineering, Shanghai University of Electric Power, Shanghai 200090, China)

Abstract: In the back-end process of digital chip design, it is a time-consuming task for the placement of macros and standard
cells, a machine learning can provide a fast and effective solution, accelerating the cycle of chip development and reducing risks caused
by manual layout. However, the layout is a multi-objective optimization problem. Currently, most methods focus on maximizing the
reduction of line length when meeting various indicators, with an exchange for a decrease in clock delay, while ignoring the potential
for further decline in other indicators, such as good congestion indicators that are benefical for reducing chip heat dissipation and pow-
er consumption; To solve the above problems, this paper proposes a new deep reinforcement learning framework with intensive re-
ward function, maps the congestion information to the images, provides a new feature embedding model to extract the global informa-
tion of the layout at multiple scales, introduces the connection relationship of the graph attention network to capture the netlist, up-

dates the policy function by using the Advantage Actor Critic (A2C) algorithm, realizes the automatic layout of the digital landscape,

and verifies the effectiveness of the proposed method on the public digital chip netlist benchmark.

Keywords: Graph CNN; GAT; digital integrated circuits; reinforement deep learning; EDA
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Value loss 0.5 CPU Intel 4110 adaptecd 1329 18 494 716 5939 20 371
Entropy loss 0.01 System Ubuntu bigbluel 560 9 227 604 657 | 3633
bigblue2 23 084 16 534 782 33 407/105 630
3.2 Eg bigblue3 | 1 293 66 1095519 |5 56922019
ISPD2005 ¥yt B4 5 T 8 AN 5236 1 2, 45/ 52 191 0 bighlued | 8 170 42 2169 183 |28 873140 529
A AR R 25 0 45 H B I D R R . 2R AR A A
HAnes g, LUK BT A o5 S A8 Bt o 72 v 2% i i ik AL, 3.4 HEXW

AR T — D8 S A R — DR R, Lk
BYLHEATRAL . 1 TR R A5 R 0 & 0L BRI
“bigblue2”, “bigblue4” 7£ RAGPlace JG ¥k BUA &) 5L 5
AR, RAXTER A 6 AN H B BTS00 . 8 A
FEATEANE B I 3,
3.3 XWHERSHM

H T VP4l RAGPlace 7EERESE AR H 2L T Z H i) TAE
ARSI T W WY Jr 8, TEAE R 5 A 19 25 A0 1 BT
JEXTE T T AR IR A R ZE . O I AE 5. ¥ DeepPR
M BN FEZS M B 128 X128, T DeepPR 1% % 15 5| 5%

“adaptecd”,

A TR RAGPlace X4 Jiy 45 B 04 i i & 5 B A e Uk 7E
Fo W BT vt i Y B AL AL A % B Baseline b, 38 i 52
sk TR R K A E R . R 7 Y Baseline
R A Sk Xof I 35 ) R A 4 AR FH DeepPR A B0 EFRAE iR A
MR CRASZS ety 128X128), ZEsRAb2 2] Iy ih, &4
T B2 il RO B AL ZE A B 25 . R 7 WTLE Y, RF 4
RAGPlace FP B AR KA TTER, 7] LA 5 1922 J5) s BRI A
{n] DA F 2 R R bl JRAS 45 . 4R T IR R
i,

EREENRE, ZEREEERDSMETRAAE, K

F 4 AR R ER HPWL (X107 Xt H 4

Method adaptecl adaptec2 adaptec3 adaptecd bighluel bighlue3
DreamPlace 7.73+1.44 Routing faild 23.19+2.82 21.58%2.11 Routing faild Routing faild
GraphPlace 8.66+2.53 12.41+£2.53 25.80+1. 21 24.40=+1.27 16.85+1.25 46.06+2.53

DeepPR 7.16+2.55 13.10+1.83 22.474+1.42 23.23+1.84 17.2042.87 35.67+1.53
DeepPR-NP 12.30+2. 89 18.15+3.03 30.1443.70 28.46+2.30 19.5443. 66 47.21£2.53

DeepPR-NOP 11.29+1.07 16.18+£2.33 29.2943.55 27.00£4.58 19.10+£4.12 46.06+4.53
RAGPIlace 7.15%1.44 10.33+1.18 21.95+2.72 22.56+2.46 11.57£2.01 36.1843.53
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PRBARK . S« T Ak P R0 RS RO A R ik - 241 -

# 5 AN JR 7 % Congestion X L 45

Method adal ada2 ada3 bigl
DeepPR 0.743 0. 835 0.742 0.732
DeepPR-NP 0. 759 0.791 0.794 0. 755
DeepPR-NOP 0.721 0. 810 0. 742 0.781
MaskPlace 0.691 0.699 0.713 0.695
RAGPlace 0.652 0.591 0.614 0.610

6 BIAGIHGEE T X ZEH A B KA 45 5

Method adal ada2 ada3
RAGPlace+ Pins 2 680 18 367 15 472
RAGPlace+ Macros 2 854 20 568 18 003

FT O OBMERITRLRK (X100 W

Benchmark
Method
adaptecl | adaptec2 | adaptec3 | adaptecd

Baseline 10. 89 17. 60 30. 25 29.00
Baseline+ MR 10. 14 15.57 28.51 28.18
Baseline+ RF 8.89 12.49 23.45 25.24
Baseline+ MF 9.56 13. 20 23.69 22.69
Baseline+ MR+ RF+MF| 7.15 10. 33 21.95 22.56

PRS2 22 i R ) 1 e T 0 o o A e g | B B 22 R R I O
Xf T adaptecd 15 . H o Z ) G| KR 22 5/, HOAR ORI
B B/ . FEFR 8 Ay Baseline [ A 27 41 28 1 FRAIE 18] 71
2 il BN RAGPlace BERIS IR . dy T 90 2€ 22 il i1 503+
AP IEIE R SR, fEERS G R R AR T4, WFEpmr
VAt 22 AN 8] 18T 1) 52 15 4 28 42 Jal) 7T LA 48 ok 4 2E 46 b 19 T
Fe. BAh, BT RAES]H GAT 08 GCN & % fl LUE #F 47
&, 1F adaptecl. adaptec2. adaptec4 Fl bigblue3 ¥ &
B TXS SR, K 9 BiR, TE adaptecd MK, FIA
GAT FHF AR HAE . R H T N ERE Z ) 1 K/ 2% 5 8
AN, X F RS ZER BRI ME, GAT K51 A% W {2

TR
8 L AR ZE vk T 0 FE AR AR i A
Method adal ada2 ada3
Baseline 0.721 0.688 0.703
Baseline+CH+ 1, 0.652 0.591 0.614
9 5IA GAT BEHLXS A7 J5) 45 24 (1) 52 )

Method adal ada2 ada4 big3
GCN-+CNN 8. 80 11.01 22.48 38.33
GAT+CNN 7.15 10. 33 22.56 36.18

4 HRIE

X A JR 1) B R ) 19 RAGPlace & — Fh 3t T DRL HE 42
AR Tk Gl R R B EG LR LK LE MR E

Ko TEAN AR ZR A 18] R 1 D0 T A R0 T 6 % H) o
TEANERMAEMT . ZINIEE A R br L3RS T A
AR o XU AR RO B I 188 A I s B A e i . B
F AR R FEROR Rl I BT Al I RN T ik JF
454 DRL J5 iR IR R Z R A0 R iR
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