Mitigating Distribution Shift for Congestion Optimization
in Global Placement

Su Zheng*<, Lancheng Zou?, Siting Liu?, Yibo Lin=, Bei Yu!, Martin Wong*

'Chinese University of Hong Kong
“Peking University

Background Solutions Experimental Settings

= Cell flow measures the motions of the cells

« Placement is crucial but time-consuming = Placement platform: DREAMPlace

= Congestion modeling and optimization are important * G, yz’,j_) ~ (ﬁi’?, _l xi_f’j’ yi’jt_- gt/riw_'lt(’j) tion, K is st + Baseline: DREAM-Cong (DREAMPlace + FCN
. Trial global routing : glxzzé, y; ;) IS cell j's location at i-th iteration, K is step orediction)

= Analytical model . Inspired by optical flow - Congestion prediction metrics:

= Congestion modeling via Deep learning . . e NRMS(Y',Y) = [Y - Y, , (1)
= Fully Convolutional Networks 3 = | A R (Yinax — Yinin) v/ Ny
 Generative Adversarial Networks SSIM(Y,Y) = Cuypy + C1) 2oy v + C) )
- Graph Neural Networks ’ (13 + 113+ C1) (03 + 0% + Cs)

« Placement metrics: (given by Innovus)
A1IX 5_ J ™ ol Eo2 | DN LN « Wire Length (WL)
\' V2L @ @ - Worst Congestion Score (WCS)
AIX /7
N/ NN T — \ . .
AVAVAS R = Grid-cell by, contains too many cells, need
downsampling A Congestion Prediction
- Sampling: ¢;(k, 1) = s;ci(z5,y5), ) = argmax; s
g - Averaging: ¢;(k, 1) = — i 5, i), . .
Observations rading cil . ) = N 2oyt C’L(fj 7 y’f) - DREAM-Cong: FCN congestion prediction
- Weighted-sum: ¢;(k, 1) = >, ven, 75 X Cil®ig, Yi): | |
% S = Look-ahead-only: predict the future status, no cell flow
= Observations: prediction only, useless in placement = Cell-flow: with cell flow prediction
Sumpling - = Cell-flow-KL: cell flow + invariant feature space learning
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= DREAM-Cong
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= Observations: distribution shift during placement | | NRMS 192 SSIM
 Invariant feature space learning
| o LR ] Congestion Optimization
S ;lL Locations pr;
TS + ISPD 2015 benchmarks
! o * LACO: ours, look-ahead congestion optimization

» Improve the worst congestion score
« Keep the total wire length

Proposed Method

DREAMPlace DREAM-Cong LACO

Global Placement

_________________________________________

prstribution Benchmark  #Cells #Nets g \wes, WL um) WSy WCSy WLA0 um) WCSy WCSy WL )

. . . des_perf.1 113k 113k | 047 040 1388 | 047 040 1382 | 040 040 1387

o Congeg’uon_dnven p[acement with DNN des_perf.a 109k 110k | 225 167 2221 | 189 160 2233 | 169 130 2227

L : : . des_perfb 113k 113k 007 027 1670 013 027 1671 | 007 020 1657

= Cell flow predlctlon + Invariant feature Space learnmg edit_dist.a 130k 131k 405 414 5354 | 430 407 5362 | 350 314 5340

fft_1 35k 33k 059 040 496 | 043 047 495 | 046 040 491

[Random Initial Placemem] . Backward Propagation | Forward Propagation fft_2 35k 33k 040 078 58 036 067 588 | 027 061 584

________________________________________ - Gradient w.r.t. locations Cell Locations| Middle Net fft_a 34k 32k 055 056 1056 | 083 077 1053 | 050 056 1052

S o - | Wxgy” ! (3 Encoder Decoder fft_b » 1?é4kk 1329;; 3.5(13 2.33 ;2.13 350 267 ;2.;6 3.23 233 ;2.1%

. N e . = | ! ; matrix_mult_1 160k 159k | 071 05 585 | 088 058 2895 | 068 044 258

oot {V\gfzfiﬁih (];’g;?;gt} {Céﬁfgf;‘in}: || Guadient wrt. features Vaal |1 | Features M € RM <3 | m m matrix_mult_2 160k 159k | 065 042 2571 | 078 084 2999 | 061 045 2571

l e e ol Wevew? ]| [ RUDYGy) LeakyReLU | Lol RelU | matrix_mult_a 154k 154k 047 040 3699 | 044 037 3702 | 047 037 3678

I | [ VewmovewI | [0t [(PinRUDY(xy) | N “ N matrix_mult_b 151k 152k 869 265 3508 869 265 3529 | 869 265 3507

| S R I o e I e Xw matrix_mult_c 151k 152k 053 040 3542 050 027 3597 | 047 030 3542
: o 1

superbluel4 634k 620k | 110 417 27732 106 467 27769 | 100 350 27797

Reconstruction Loss

<

Congestion Map

Gradient w.r.t. congestion map
Vir oy L

| superbluel6_a 698k 697k = 091 1075 30904 | 100 1000 31017 | 100 975 30903
_________________________ fa(M) € RMV] VAFHike Structure superblueld 522k 512k 170 367 20134 | 130 433 20236 157 350 20127
v ’ al) - Average - - | 164 313 9547 | 162 307 9622 | 151 293 9546

- DREAMPlace + Look-ahead congestion optimization e S e e e (0 08 A0
- Gather placement features
» L ook-ahead via Cell Flow Prediction - Predict the future status Conclusion
« Estimate routing congestion
eration X0 300 eation No.350) o No g0ty - Move the cells via gradient

! , | pci_bridge32_a 30k 30k | 206 084 612 | 183 087 614 | 189 095 613
» 1 5 Loss Function oci_bridge32_b 29k 29k | 003 023 977 | 014 031 1057 | 010 020 965
Networl | ! gk%@ Network | [ Prediction Loss | superbluell_a 954k 936k | 110 2500 39278 | 115 2300 39698 & 110 2500 39293
- ! ;i Forward | | (KL Divergence Loss| superbluel2 1293k 1293k 300 300 41410 | 273 257 41412 245 257 41395
N : | ( )
| w, 3

Legalization

Congestion Penalty L = 1+ fr(M)|3

Detailed Placement

« Look-ahead, cell flow, invariant feature space learning
| R bring better congestion prediction

Look-ahead ‘ Predict | " B | — —___ ) . . | | |
e [ Commme ). [ N T [ et ] = More accurate congestion prediction leads to better
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Predict Without Look-ahead

= Up to 8% improvement in the maximum routing
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