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Background

Placement is crucial but time-consuming
Congestion modeling and optimization are important
Trial global routing
Analytical model

Congestion modeling via Deep learning
Fully Convolutional Networks
Generative Adversarial Networks
Graph Neural Networks

Observations

Observations: prediction only, useless in placement
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Observations: distribution shift during placement
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Congestion-driven placement with DNN
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RUDY(x,y)

PinRUDY(x,y)

MacroRegion(x,y)

Network
Forward

Congestion Map

fR(M) ∈ RM×N

Gradient w.r.t. locations
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Gradient w.r.t. features ∇ML
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Gradient w.r.t. congestion map
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Congestion Penalty L = 1
MN ‖fR(M)‖22

Backward Propagation Forward Propagation

Look-ahead via Cell Flow Prediction
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Solutions

Cell flowmeasures the motions of the cells
c′

i(xi,j, yi,j) = (xi,j − xi−K,j, yi,j − yi−K,j)
(xi,j, yi,j) is cell j’s location at i-th iteration, K is step
size
Inspired by optical flow

Grid-cell bk,l contains too many cells, need
downsampling
Sampling: ci(k, l) = sĵc

′
i(xĵ, yĵ), ĵ = arg maxj sj.

Averaging: ci(k, l) = 1
Nk,l

∑
(xi,j,yi,j)∈bk,l

c′
i(xi,j, yi,j).

Weighted-sum: ci(k, l) =
∑

(xi,j,yi,j)∈bk,l

sj

Nk,l
× c′

i(xi,j, yi,j).
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Invariant feature space learning

Cell flow prediction + invariant feature space learning
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VAE-like Structure

KL Divergence Loss

Prediction Loss

Reconstruction Loss

Loss Function

DREAMPlace + Look-ahead congestion optimization
Gather placement features
Predict the future status
Estimate routing congestion
Move the cells via gradient
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Look-ahead Model
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Xi = [ri, pi, mi, ci]
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Congestion Model

Wirelength Loss:We(x, y)

Congestion Loss: L(x, y)

Density Loss: D(x, y)

Update

Experimental Settings

Placement platform: DREAMPlace

Baseline: DREAM-Cong (DREAMPlace + FCN
prediction)

Congestion prediction metrics:

NRMS(Y , Y ) = ‖Y − Y ‖2

(Ymax − Ymin)
√

NY

, (1)

SSIM(Y , Y ) =
(2µY µY + C1)(2σY ,Y + C2)

(µ2
Y + µ2

Y
+ C1)(σ2

Y + σ2
Y

+ C2)
. (2)

Placement metrics: (given by Innovus)
Wire Length (WL)
Worst Congestion Score (WCS)

Congestion Prediction

DREAM-Cong: FCN congestion prediction

Look-ahead-only: predict the future status, no cell flow

Cell-flow: with cell flow prediction

Cell-flow-KL: cell flow + invariant feature space learning
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Congestion Optimization

ISPD 2015 benchmarks
LACO: ours, look-ahead congestion optimization
Improve the worst congestion score
Keep the total wire length

Benchmark #Cells #Nets
DREAMPlace DREAM-Cong LACO

WCSH WCSV WL(105µm) WCSH WCSV WL(105µm) WCSH WCSV WL(105µm)
des_perf_1 113k 113k 0.47 0.40 13.88 0.47 0.40 13.82 0.40 0.40 13.87
des_perf_a 109k 110k 2.25 1.67 22.21 1.89 1.60 22.33 1.69 1.30 22.27
des_perf_b 113k 113k 0.07 0.27 16.70 0.13 0.27 16.71 0.07 0.20 16.57
edit_dist_a 130k 131k 4.05 4.14 53.54 4.30 4.07 53.62 3.50 3.14 53.40

fft_1 35k 33k 0.59 0.40 4.96 0.43 0.47 4.95 0.46 0.40 4.91
fft_2 35k 33k 0.40 0.78 5.86 0.36 0.67 5.88 0.27 0.61 5.84
fft_a 34k 32k 0.55 0.56 10.56 0.83 0.77 10.53 0.50 0.56 10.52
fft_b 34k 32k 3.50 2.33 12.13 3.50 2.67 12.16 3.33 2.33 12.12

matrix_mult_1 160k 159k 0.71 0.53 25.85 0.88 0.58 28.95 0.68 0.44 25.83
matrix_mult_2 160k 159k 0.65 0.42 25.71 0.78 0.84 29.99 0.61 0.45 25.71
matrix_mult_a 154k 154k 0.47 0.40 36.99 0.44 0.37 37.02 0.47 0.37 36.78
matrix_mult_b 151k 152k 8.69 2.65 35.08 8.69 2.65 35.29 8.69 2.65 35.07
matrix_mult_c 151k 152k 0.53 0.40 35.42 0.50 0.27 35.97 0.47 0.30 35.42
pci_bridge32_a 30k 30k 2.06 0.84 6.12 1.83 0.87 6.14 1.89 0.95 6.13
pci_bridge32_b 29k 29k 0.03 0.23 9.77 0.14 0.31 10.57 0.10 0.20 9.65
superblue11_a 954k 936k 1.10 25.00 392.78 1.15 23.00 396.98 1.10 25.00 392.93
superblue12 1293k 1293k 3.00 3.00 414.10 2.73 2.57 414.12 2.45 2.57 413.95
superblue14 634k 620k 1.10 4.17 277.32 1.06 4.67 277.69 1.00 3.50 277.97

superblue16_a 698k 697k 0.91 10.75 309.04 1.00 10.00 310.17 1.00 9.75 309.03
superblue19 522k 512k 1.70 3.67 201.34 1.30 4.33 202.36 1.57 3.50 201.27
Average - - 1.64 3.13 95.47 1.62 3.07 96.22 1.51 2.93 95.46
Ratio - - 1.00 1.00 1.00 0.99 0.98 1.01 0.92 0.94 1.00

Conclusion

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

More accurate congestion prediction leads to better
congestion optimization

Up to 8% improvement in the maximum routing
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