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DEVIEW

1.1 ASIC Design Flow

ASIC (Application-Specific Integrated Circuit)?
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1.1 ASIC Design Flow

Netlist
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1.1 ASIC Design Flow

Physical Design Flow (=2|& 2H X » =28 S %)
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1.1 ASIC Design Flow
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1.1 ASIC Design Flow
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Example (Synopsys ICC2): Initial State

Macros Chip Canvas
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After Floorplan

Example (Synopsys ICC2)
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After Placement

Example (Synopsys ICC2)
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1.2 AS-IS

However,
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1.3 IMPACT
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2.1 Overview
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2.1 Overview

RL Process

- U35k O|0| M E 2 Macro CellS HiX|
- Macro Cell HiX| 2t& = Force-Directed MethodZ Standard Cell HiX]
- Wire Length2t Routing Congestion?| &3/ 0|23l RewardE |4t

Chip RL Agent Places Macros One at a Time Force-Directed Method
canvas Places Standard Cells

r.= r.=0 r,=0
: =0 a, 1 a, 2 - :
B H

o g

=-HPWL-c*Congestion
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2.1 Overview

Network Architectures

- Macro Feature(x, y, w, h, type)2} Netlist Graph& GNNO{| &=

- Netlist Metadata2t Macro / Graph Embedding= Y= 2 2 Chip
Canvas?| 2} HjX| HHo|| Cliet AEEXE &5

Masked

policy
IBSEo8 %A 128 x 128 x 1
Feature embeddings Policy and value networks
64 x 64 x 2
32x32x4
Graph conv. Edge &5l 16x16x8

Mac embeddings ean
feat : De- || De- |, De- De- De-

. conv conv onv conv con
Netlist
graph - Macro

embeddings

Current ‘
macro id Policy network 128 % 128 x 1
Netlist
metadat | g




2.1 Overview

Training Process

- Z|CH 207} Block(Netlist)©2 £ Pretraining (¢ =: H{X| &2}, =4
Reward)

- X|F shg CHe| NetlistOl| CHSH Fine-Tuning

- Pretraining= S M, W O WEH shskl= 3240 #5E

Placement cost

0.25

0.20

TPU Block 1 TPU Block 2 TPU Block 3 TPU Block 4 Ariane RISC-V
CPU
Blocks

0.15

0.10

0.05

0

Zero-s hot: sub-secon d " Fine-tuned for 12 h
Fine-tuned for 2 h I From scratch for 24 h

Placement cost

0.4-

0.8+

2

0l

0

L. OO O L — 3

= Train policy from scratch - Fine-tune a pre-trained policy

Training time (h)
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2.2 Detalls

Standard Cell Clustering

- hMETIS 7| = 0|20l Netliste| Standard Cell= Clustering
- hMETIS= Multilevel2| Hypergraph Bisection Clustering &'
- Standard Cell Clustering= &5l GNN, FDM2| A| = 2t}

G. Karypis et al. Multilevel Hypergraph Partitioning, DAC 1998
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2.2 Detalls

Force-Directed Method (FDM)
- Standard Cell= HjX|ol= ME X0l Dt
- 21219| L E A1O]0j| Weight x Distance®| &=0| 2tg2oiCt 1 717"
(L= E A0 HAEE0| == 71710]0]| RIX])
- Standard Cell2 FDMQ 2 H{X|EtO 2M RL2| Sparse Reward 2X|E 23}

K. Shahookar and P. Mazumder. VLSI Cell Placement Techniques, ACM Computing Surveys 1991
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2.2 Detalls

Graph Neural Network (Basics)

CNN on an image:

Convolutions Subsampling Convolutions Subsampling Fully connected

Jure Leskovec. Stanford CS224W: Machine Learning with Graphs, http://cs224w.stanford.edu
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2.2 Detalls

Graph Neural Network (Basics)

But our graphs look like this:

8 N
® .D or this: o> ‘
@ @ .. :. o
® & ® o 9 ® ¢

Jure Leskovec. Stanford CS224W: Machine Learning with Graphs, http://cs224w.stanford.edu
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2.2 Detalls

Graph Neural Network (Basics)

TARGET NODE

l

INPUT GRAPH

Neural networks

Jure Leskovec. Stanford CS224W: Machine Learning with Graphs, http://cs224w.stanford.edu
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2.2 Detalls

Graph Neural Network (Basics)

TARGET NODE

l

INPUT GRAPH

Jure Leskovec. Stanford CS224W: Machine Learning with Graphs, http://cs224w.stanford.edu
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2.2 Detalls

Graph Neural Network (Basics)

TARGET NODE

l

INPUT GRAPH

Jure Leskovec. Stanford CS224W: Machine Learning with Graphs, http://cs224w.stanford.edu
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2.2 Details PR

Graph Neural Network (Basics)

®
By
P
o ™
z w
®¢ 0® o
VIVIVIVEEY
e m e A

————————————————————————————

Initial O-th layer embeddings are
b= " equal to node features , embedding of

/ v at layer [

_ L
Y =lo(wi ) NI

ueN(v) \ - \

Average of neighbor’s  Total number
previous layer embeddings  of |ayers

\ Embedding after L | |
layers of neighborhood Non-linearity

aggregation (e.g., ReLU)
Jure Leskovec. Stanford CS224W: Machine Learning with Graphs, http://cs224w.stanford.edu



DEVIEW

2.2 Detalls

Graph Neural Network
- Node 0t OtL|2} Edge0]| LSt Embedding2 et&6t= A9 Implicit Graph
Neural Network {1 =& X|QF (Edge-GCN)

While not converged do
Update edge: e;; = fei(concat|feo(vi)|feo(vs)|wi;])
Update node: v; = mean,c y(,,)(€;;)

end

F. Gu et al. Implicit Graph Neural Networks, NeurlPS 2020
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2.2 Detalls

Graph Neural Network
- GCNZI Hju3s M &M E22 o5 d55 EY
O

-
- HIESZ 201 HIBA[H(Implicit) 2] £/40]| &|et Generalization 232 £

0.0625
- Edge-GCN == GCN

'\ \\
0.0600 \ '\

0.0575

0.0550

Average Zero-shot Performance (Lower Is Better)

0.0525
25000 50000 75000 100000 125000 150000

Training Step
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2.2 Detalls

Reward Function
- Wirelength, Congestion, Density2| =X 2}t0]| st Jt5sHAto 2 Ho|
(p: placement, g: netlist)

R, , = —Wirelength(p, g) — ACongestion(p, g) — yDensity(p, g).
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2.2 Detalls

Reward Function: Wirelength (HPWL)
- NetO| HiX|E B9 S22 HIOQ =2 Wirelength& A}
(HPWL: Half Perimeter Wire Length)

2 HPWL(i) = (max,c;{x,} — minyc;{x,} +1)

+(Maxyeiy,} — minge;iy, 5 +1).
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2.2 Detalls

Reward Function: Congestion

- .= Grid Celldj| CHet Vertical / Horizontal Routing Allocation= &=

- I =2 10%2] Congestion 32| ™+ X|Z Reward0j| gHY

- Congestion 2= Smoothing o}7?| 25l 5 x 12| Convolutional Filterg A&
- J=tol Congestion 7|t 2 =F0|A HZ0X| §US
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2.2 Details

Reward Function: Density

- £ Grid Cell ¥%0| I=PH| AFBEIS 22 2| 9/8H Penalty =g

- E=0{ Density ThresholdZ B+ Grid0j| L5l Masking A& (Hard Constraint)
- Density Threshold 4f2 0.62=2 27

- TAIH Q! Density AHl¢F FE2 ==20AM HE0HX| 55
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2.2 Details

RL Agent

- 24HPPO AL

- Pretrained Model=Z 167l Workerz 6A|2F &2 Fine-Tuning
(Pretraining2 207 Worker2 48A|2I gt&)

- 2 WorkerOIC 10742] CPUR} 2GBL| M2 2| AIE

- Nvidia Volta Graphics Processing Unit (GPU) At
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2.3 Experimental Results
Name Method Timing Total area (um?) Total power (W) Wirelength (m) Congestion
WNS (ps) TNS (ns) H (%) V(%)
Block 1 RePlAce 374 2337 1,693,139 3.70 52.14 1.82 0.06
Manual 136 476 1,680,790 374 5112 013 0.03
Our method 84 23.3 1,681,767 51.29 0.34 0.03
Block 2 RePlAce 97 6.6 785,655 3,52 61.07 1.58 0.06
Manual 75 981 830,470 3.56 62.92 0.23 0.04
Our method 170 694,757 313 59,1 0.45
Block 3 RePlAce 193 3.9 867,390 1.36 18.84 019 0.05
Manual 18 0.2 869,779 142 2074 0.22 0.07
Our method 22 1.38 20.80
Block 4 RePlAce 58 1.2 944,211 2.21 27.37 0.03 0.03
Manual 58 17.9 947766 217 2916 0.00 0.01
Our method 52 0.7 942,867 2.21 28.50 0.03 0.02
Block 5 RePlAce 156 254.6 1,477,283 3.24 31.83 0.04 0.03
Manual 107 97.2 1,480,881 3.23 37.99 0.00 0.01
Ours 141.0 3.28 36.59 0.01 0.03

Here, we compare our method with the state-of-the-art method (RePlAce') and with manual placements using an industry-standard EDA tool. For all metrics in this table, lower is better.
H, horizontal; V, vertical.
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3.1 Objective

Key Objectives

- & [ Ch==ot B X4l (e. g. without FDM)

-2 ==0M FHHL2E AE0HX| 242 Congestion 8% 52| LA}

- HiX|of| CHet 52t Q1 R E A2 Z &-86t= Neural Network £ ALE

- GeneralizationZ HiX[St11, £7 NetlistOl| CHSt From-Scratch St5= S HE &



DEVIEW
2021

RL Process
Placement by RL
Chip RL Agent Places Macros One at a Time FOFCG'D‘ Method
canvas Places . rd Cells
P10 a, r,=0 a r,=0 a. i r_=-HPWL-c*Congestion

il

]
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3.3 RL Environment

States

- 21 &AX19| Feature MHE (width, height, is_macro, n_pins)

- O|HH stepOj|A] HiX|E Cell2] Index (Macro -> STD Cell, & -> 12 A £ HjjX|)
- 2 AX1e| A1 F £l (Nets)

- Hypergraph HE{2| 91-2LtA|F Ordinary Graph FE[2| HZ A2 T

Example Net F F
B |
Drive Cell (in)

Load Cells (out) Load Cells (out)

Drive Cell (in)




3.3 RL Environment

Actions

- N x NO £ L}+= Canvas &57t2| Grid Index
- 21 Grid2| 590 Cell= HRX]
- C}= CellS HIX[E &~ Sl Y2 Masking

Canvas

Cell to Place

Mask

=)

Canvas

i

Cell to Place

Mask
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Canvas

i
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3.3 RL Environment

Actions

- N x NO £ L}+= Canvas &57t2| Grid Index
- 2F Gride| =Y 0] Cell= HiA]

- CI= CellS HIX[E = Bl= YY¥2 Masking

Canvas Mask Canvas Mask Canvas

i-

N

Cell to Place Cell to Place
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3.3 RL Environment

Actions
- N x NO £ L}+= Canvas &57t2| Grid Index
- 2} Grid2| 5Y0]| Cell= HiX|
- 05 Cell= BiA[E &~ Gl= Y92 Masking ‘
Canvas Mask Canvas Mask Canvas

i-

R

Cell to Place Cell to Place
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3.3 RL Environment

Rewards

- Wirelength®} Congestion?| 2= g4t (p: placement, g: graph)
- A AHY EHEZ I8l Wirelength, Congestion 2t2t0]| Coefficient -8

R, , = —a Wirelength(p, g) — B Congestion(p, g)
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3.3 RL Environment

Rewards: Wirelength
- B = Net0| Cigt HPWL (Half-Perimeter Wire Length)2| 58

HPWL(i) = (max,c;ix,} — mingc;ix,} +1)

+(Maxye;, 5 —Minye; Y, 5 +1).

[
[
|
- 2
1
|
[
1
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3.3 RL Environment

Rewards: Congestion

- Congestion Grid Cell)fiA2] Routing Resource C{H|, NetO| 2 416=
Routing ResourceZ 82| (v: Grid Cell)

- &, Demand& £0|= A2 = TAN[H QI Congestions E& + U=

C(’U) _ demand(v)

supply(v)
I— demand?} H|{|2tA]
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3.3 RL Environment

Rewards: Routing Resource Demand (1)
- HYX|7} ==l Net= Complete GraphZ H o
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3.3 RL Environment

Rewards: Routing Resource Demand (2)
- Complete Graph£ Minimum Spanning Tree (EE= Steiner Tree) = Bigl
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3.3 RL Environment

Rewards: Routing Resource Demand (3)
- 2 Edge0l]| C{gF Routing Resource Demand& A| Lt
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3.3 RL Environment

Rewards: Routing Resource Demand (4)

- £ AXIE A 2 U BE L0 £ A (B 67H)
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3.3 RL Environment

Rewards: Routing Resource Demand (4)

- £ AXIE A 2 U BE L0 £ A (B 67H)
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3.3 RL Environment

Rewards: Routing Resource Demand (5)
- Grid CeII (0,1) 0| AM 2] Expected Routing Resource DemandE ALt

-------------------------------------------------------

Horizontal Demand 1.0 Horizontal Demand 0.5 Horizontal Demand 0.5
Vertical Demand 0.5 Vertical Demand 0.5
Horizontal Demand 1/6 x 1 1/6 x0.5 1/6 x 0.5 =4/ 12

Vertical Demand 0 + 1/6x0.5 + 1/6x0.5 =2/12
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3.3 RL Environment

Rewards: Routing Resource Demand (6)
- AlAtst 4/12, 2/12E 22 Expected Routing Resource Demand Mapdi| 7| &

Expected Horizontal Demand Expected Vertical Demand

4/12 2/12
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3.3 RL Environment

Rewards: Routing Resource Demand (7)
- Grid Cell (1, 1)= X|LI= 74§°| = (= 49()




3.3 RL Environment

Rewards: Routing Resource Demand (8)
- Grid Cell (1,1) 0l|A]2] Expected Routing Resource Demand& A|tt

Horizontal Demand 0.5 Horizontal Demand 1.0 Horizontal Demand 0.5
Vertical Demand 0.5 Vertlcal Demand 1.0 Vertlcal Demand 0.5

E

Horizontal Demand  1/6 x 0.5 + 0 T 1/6 x 1.0 t+ 1/6x05 =4/12

Vertical Demand 1/6x0.5 + 1/6x1.0 + 0 + 1/6x0.5 =4/12
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3.3 RL Environment

Rewards: Routing Resource Demand (9)
- A|Aot 4712, 4/12 & 212t Expected Routing Resource Demand Mapdj| 7| &

Expected Horizontal Demand Expected Vertical Demand

4/12 2/12

4/12 4/12
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3.3 RL Environment

Rewards: Routing Resource Demand (10)
- g2 HHOo = B.E= Grid Celldf| CHeF Expected Routing Resource Demand& |4

Expected Horizontal Demand Expected Vertical Demand

3/12 4/12 1/12 3/12 2/12 1/12
2/12 4/12 2/12 4/12 4/12 4/12
1/12 4/12 3/12 1/12 2/12 3/12
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- Recap 2021
3.3 RL Environment g
Rewards: Routing Resource Demand (11) ﬂ
- A4 ZA31E Global Congestion Map0j| 2t
Horizontal Global Congestion Map Vertical Global Congestion Map

v 3/12) 4/12| 1/12 3/12 2/12] 1/12

| 2/12| 4/12| 2/12 4112 4/12| 4/12

' 1/12] 4/12]| 3/12 1/12 2/12] 3/12

|
l
I
l




3.3 RL Environment

Rewards: Routing Resource Demand (12)

Rece

M

AN

‘:2
\I\_/

- L= Edge0]| Ciel Congestion Demand& Global Congestion Map0i|

Horizontal Global Congestion Map

Vertical Global Congestion Map

L XSk

3/12

1/12

2/12

1/12

2/12

3/12

3/12

2/12

1/12

4/12

4/12

X
—
]N

1/12

2/12

(o)
S~
—
N_

-_— e == =l

A

A

t__ S s . LB | L |
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3.4 Graph Neural Networks

Graph Neural Network

- Implicit GNN ELC} Automatic Differentiation Tool(e. g. PyTorch)0|- &%t
191 THO|/J0] =2 DeeperGCN £ ALE

- Residual Connection= A5l 242 XM X Over-Smoothing &4

Input : Input : Input
I - I I
I e @, I / PlainGCN I ResGCN I DenseGCN \
ot e N [ o k=16 f=64 k=16 f=64 d=1 k=16 f=64 d=1
: OOOO Ly 2. S £ z Wz Hz : T :
— i OOO ‘o Uk S8 88 ScHS8HSS H» PlainGCN | 1 ResGCN | DenseGCN
5o 8 S VI O x sdllgdflgt | k=16 f=64 I 7| k=16 f=64 d=1 I | k=16 =32 d=1
Input | = @-T 0 F 1f{] ¥ g = = - Output / - , — , —%
r Qr o : | PlainGCN 1/ ResGCN 1/ DenseGCN
B i s i i } k=16 f=64 : 1 k=16 f=64 d=2 1/ 1 k=16 =32 d=2
[, v J , v | 7‘ / ™
|/ ! | ! |
GCN | MLP |/ I |
Etons Fusi ; Block RSB0 \{ Pla'n.GCN : \ | ResZBCN : | Dens;GCN
Block usion Blo Block \\/| k=16t 1 \\ /| k=16 =64 o= 1 \\ | k=16320=
< /\ /\ / E‘—‘l»(if-64 b\ (L 1(}3:64d 26 O\ k 16f-§2d 26
. [ PlainGCN | | | ResGCN : | DenseGcN
k = # of nearest neighbors k=16f=64 | | k=16 f=64 d=27 : k=16 f=32 d=27
@ ra f = # of filters or hidden units % ' b | 8
- : I |
N c t PlainGCN ResGCN , DenseGCN
onca d = dilation rate Backbone ! Backbone : Backbone

G. Li et al. DeepGCN: Can GCNs Go as Deep as CNNs?, ICCV 2019
G. Li et al. DeeperGCN: All You Need to Train Deeper GCNSs, arXiv 2020



3.5 Policy Network

Policy Network (1)

- HiX]El Cell 2| Embeddingz} HiX|2 Cell2] Embedding= 2D Grid Space 0| A

Aggregation % Concatenation

Proposal: Feature Embeddings

Macro
Features

>

Netlist

Graph

Graph
Conv

Current Macro Embedding

concatenation
(broadcasting)

‘ d Node
Embeddings

Aggregation

Egbfdding Size

Cell Numbe/p/

Grid Cell Rows Numbet

©

\ J

Grid Cell Colomns Number

(r, c, cell) = 1 if cell is placed in (r, c)

0 otherwise

™
Sl

Embedding Size/x;/
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3.5 Policy Network

Policy Network (1)

HHX| =l Cell

Aggregatlon % Concatenation

' Proposal: Feature Embeddings

Macro
Features

Graph
Conv

Current

=2| Embedding} HiX|& Cell2] Embedding2 2D Grid Space 0i[A

concatenation
acro Embedding (broadcasting)

Netlist

Graph

Grid Cell Rows Numbet

‘ d Node
Embeddings

Aggregation

Embedding Size
O

il

_________?r_
Sl

Grid Cell Colomns Number

(r, c, cell) = 1 if cell is placed in (r, c)

0 otherwise

Embedding Size/x;/
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3.5 Policy Network

Policy Network (1)

- HiX]El Cell 2| Embeddingz} HiX|2 Cell2] Embedding= 2D Grid Space 0| A

Aggregation % Concatenation

Proposal: Feature Embeddings

Macro
Features

>

Netlist

Graph

|
Grid Cell Rows Numlbei'

Graph
Conv

P2

Current Macro Embedding

concatenation
(broadcasting)

Node

@)
®_
2

- il
=

. O

\{

Aggregation

Egbfdding Size

Embeddings

©

GISrid Cell Colomns Number

—

\ J

(r, c, cell) = 1 if cell is placed in (r, c)

0 otherwise

™
Sl

Embedding Size/x;)/ ’

_— - -
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3.5 Policy Network

Policy Network (1)

- HiX]El Cell 2| Embeddingz} HiX|2 Cell2] Embedding= 2D Grid Space 0| A

Aggregation % Concatenation

Proposal: Feature Embeddings

Macro
Features

>

Netlist
Graph

Grid Cell Rows Numbet

Graph
Conv

R

Current Macro Embedding

=
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

concatenation
(broadcasting)

—

Grid Cell Colomns Number

(r, c, cell) = 1 if cell is placed in (r, c)

Node

Aggregation

Egbfdding Size

Embeddings

Cell Numbe/p/

©

L

J

0 otherwise

™
Sl

Embedding Size/x;/ ’

=
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3.5 Policy Network

Policy Network (2)

YA A L] (N_ROWS, N_COLS, EMBEDDING_SIZE x 2)2]

Embedding= Convolutional Neural Network(e. g. VGG)E S0l

=
A8l E 4

Embedding Size Grid Cell Rows Number

Embedding Size x / P
Conv Conv R Conv _—
1

Grid Cell Colomns Number

The last output map shows
probability distribution for placement
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Netlist

- Macro 7li==: 18

- XA Cell 2H2~: 122,406

- TIA| Net 7ll+~: 127,548

- Single Core CPU with L1 Cache
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3.7 Evaluation

Evaluation Metrics

- WNS (Worst Negative Slack): 42| A7t £ Clock FrequencyS
A = U=X| LIEILl= X (8= Violation)

- Frequency: O|4E|= Clock Frequency
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4.1 Scenarios

- Macro placement with a single std cell cluster
- Separated masks for std cells and macros
- Placement w/o heuristics

hpwl: 0.272165, congestion: 0.304872

868.4 hpwl: 0.261529, congestion: 0.517619 hpwl: 0.292008, congestion: 0.511718
868.4 ‘ — 868.4 ‘
839.4 839.4 839.4
il 810.5 1 810.5
781.5 4 781.5 781.5
752.6 752.6 752.6
723.6 723.6 723.6
sl 694.7 694.7
665.7 1 665.7 | 665.7
sase 636.8 1 — i ' — 636.8
s 607.9 607.9
SIae 578.9 578.9
550.0 550.0 550.0
521.0 521.0 521.0
492.1 492.1 4 1 —] 492.1
463.1 463.1 g : — 463.1
434.2 - 434.2 434.2
405.2 - 405.2 405.2
376.3 1 376.3 376.3
347.3 4 347.3 4 347.3
318.4 - 318.4 A 318.4
289.5 - 289.5 289.5
260.5 - 260.5 260.5
231.6 - 231.6 1 231.6
202.6 202.6 202.6
173.7 1 173.7 4 173.7
144.7 144.7 A 144.7
115.8 115.8 A 115.8
86.8 - 86.8 86.8
57.9 - 57.9 A 57.9
28.9 1 28.9 1 28.9
0.0 0.0 +—T—"—— — . . —— 0.0
S SN S emansden el ssas
NAOPITITLSITRETTIARSPIPIRLOLEETETRNORTES
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4.2 with a Single STD Cell Cluster

B = Standard Cell= ofLte| Clusterz2 Hod

- Backend Engineer£0| Floorplan A|, Macro Cell2 & Canvas2| 2 A{Z|0f|
2|X|A|2]|11, Standard CellO| Canvas®| 7|20 2 HiX| x| A& st= Zof| 2t
- Macro cell] 42 7120 99 Maskingst Canvas?| B A{2|0]| HYX]




868.4

839.4
810.5 T
781.5 A
752.6 A
723.6
694.7 1
665.7 1
636.8
607.9
578.9 A

550.0
521.0
492.1
463.1

434.2
405.2 A
376.3
347.3 A
318.4 A
289.5 1
260.5 A
231.6
202.6
173.7 A
144.7
115.8 1
86.8 -
57.9 4
28.9 1

0.0

|CC2 Evaluation

RL Placement

hpwl: 0.272165, congestion: 0.304872

]
IEEEEEEE. I
e e e e el lllllllllllllll

%0

4053
434,
9%63 - A
g;llnlll-l
5790
6079
536,9
655 P
694 P
723 5 -
752‘7 §
781-6 .
810_6 4
839.5 J
858,5

28,9
579
868
115.8 -
1448
73,
2027
5211
5500 i

Cell Density Map

DEVIEW
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Global Congestion Map
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4.3 Separated Masks for STD Cells and Macros ™ **

Standard Cell= Ct+2| 2 AEZE B
- Netliste| Group @2 E 24510 S AH Jl|+=E 50l2 27
- Macro cellQ] 42 7120 99 Maskingst Canvas?| EA{2|0]| HYX]

hpwl: 0.261529, congestion: 0.517619

i
i

[ [T T T[]

([ | — |
]

-I.l

S Do ¥ ® B NN © OB YT TMHMANNNNODOON N D DANANO DL DN

F o N YO N O N OO NN NS N O WM N N O O X

N o N o N o L 9 N
TIARAVSATIASIRILG AL ECRNARGTT &
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|CC2 Evaluation

RL Placement Cell Density Map Global Congestion Map

hpwl: 0.261529, congestion: 0.517619

868.4

530 4 | RN —
010 I EREREE ---u---|!===!lllll
| 000 | INEN IRRN

| | | | (] | I Py e
s | N .---JIIIIIIIII
= A DR == ===
sl 00 || T
. IHEEE B [ T i | BRI
cors | T BESNT
578.9 A .-.- .....
550.0 L = L[ [ []
521.0 EEIE EEiEiE
w2 ) HEEEN | S
| SEDE
ol I m e
= U N =
ij (o T sty B L

el !!LI I.II.IIJFEI .

e W™ T =l 1] [

| "'IIIIIII-HI“II ] [

BOY e T L | | T N
Y| 0 | .

| | | | (] | ] &

e R EE

s | .

. IHEEE B .
| 000 ||

., IHEEE B

0.0 -l-l-l-l-l-l
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4.4 Placement without Heuristics

Macro CellZ} STD Cell ClusterE Canvas XA|| 23240j| HjX]
- Macro Cell2| H{X| £|X|0]| CHet HeuristicE XN|A

I 4
| |
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|CC2 Evaluation

Global Congestion Map

Cell Density Map

RL Placement

hpwl: 0.191760, congestion: 0.484356

868.4

839.4

810.5 1

781.5 A

752.6 A

723.6
694.7
665.7
636.8
607.9 A

405.2 A

. B, ll: toBa: B & ol T

m m & 1N 1N © © ™~ ™~ © O O O O
O~ 00 0O O A N M & N W i~ 0 O
7%18630741852
m Mm N N N N A A
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4.5 Experimental Results

Benchmark Results

- OFM A| JFX| Alad H|O|AREICC2 Auto Placement & Human Placement?]
HHX| Z1f H| W (E]O] =)

Single Cluster Bounding Box Non-Heuristic

Path Group

WNS FREQ WNS FREQ WNS FREQ WNS FREQ WNS FREQ
Group O 0.00 143MHz 0.00 143MHz| 0.00 143MHz 0.00 143MHz 0.00 143MHz
Group 1 0.05 144MHz 0.06 144MHz| 0.14 146MHz 0.05 144MHz 0.07 144MHz
Group 2 045 153MHz 0.42 152MHz| 0.49 154MHz 045 153MHz 0.42 152MHz
Group 3 0.79 161MHz 0.79 161MHz| 0.65 15/MHz 0.76 160MHz 0.79 160MHz
Group 4 260 22/MHz 265 230MHz| 266 230MHz 2,70 233MHz 255 230MHz
Group 5 267 231MHz 274 235MHz| 2.73 234MHz 2,76 236MHz 2.63 234MHz




4.5 Experimental Results

Placements during Training

lteration 1

hpwl: 0.350944, congestion: 0.491453

868.4

H

839.4

810.5
781.5
752.6

723.6
694.7 1
665.7 1

636.8

607.9

578.9
550.0
521.0
492.1
463.1

=
I

434.2

405.2

376.3
347.3
318.4
289.5 A
260.5
231.6
202.6
173.7
144.7

115.8

86.8
57.9

T"

=
|

28.9

0.0

115'8

3474

lteration 150

hpwl: 0.301617, congestion: 0.501587

868.4
839.4 A
810.5 A
781.5 A
752.6 A
723.6 A
694.7
665.7
636.8

607.9

578.9
550.0
521.0
492.1
463.1
434.2 A
405.2 1
376.3
347.3 A
318.4 A

289.5
260.5 A
231.6 A
202.6
173.7 A
144.7 4
115.8 1

86.8

57.9 1

28.9

0.0

%0
2Q9

529

86-8
115-8
144'8

173.7
202,
231.6

260. 6

289_5 2fa

318.4 b

347_4_

375. g

905, 3

9B 5
46 3. 2

992 5 1

%217 -

550' 0

579 o

60y 4 -

636 ¢ 1

65,5 -

6.94_ 8

7235

7525

781.6 T

810' 6
839.5
868, 5

lteration 500

hpwl: 0.274838, congestion: 0.515486

868.4

839.4

810.5
781.5 A1
752.6 1
723.6
694.7 1
665.7 1
636.8 1
607.9 1
578.9 1
550.0 1
521.0

492.1

463.1

434.2 A
405.2 A
376.3 1
347.3 1
318.4 1

289.5
260.5 1
231.6 1
202.6
173.7 A
144.7 A
115.8 A

86.8 1

57.9 1

28.9

0.0

240)

28,9

57 9

86 8
115_ 8
194 8
173 >
20> >
237 6
250' 6
289 5
579.0 il
60, 9
636_ 9
6658
694_ 8
7235
7525 4
781.6
820, -
839_ 5
86g 5

DEVIEW
2021



m DEVIEW
2021

4.5 Experimental Results

ing

Congestion Maps during Train

0| 2 CongestionO|

oH =l
=

X]
-

ot50

lteration 1k

lteration 150

lteration 1

congestion ~ [ 0.0000, 0.5479]

6C 87 LT 9T ST vZ €T 7Z 1Z 0Z 61 8T LT 9T ST ¥T €T ZT 1T OT

congestion ~ [ 0.0000, 0.5526]

6C 87 LT 9T ST vZ €T TZ 1Z 0Z 61 8T LT 9T ST +T €1 ZT 1T OT

|

congestion ~ [ 0.0000, 0.5506]

|
6

RN S| | [s| [s{[s[ [ [ [ ][] [s| /e

|
6

1011121314151617 18 1920212223 242526272829

HIEIIFIIII

1011121314151617 18 1920212223 242526272829

1011121314151617 18 1920212223 242526272829



DEVIEW
2021

4.5 Experimental Results

Training Progress
- HPWLZ= =0|CHt o5




4.5 Experimental Results

Congestion & HPWL Shift

- 80| XIsi=|H Congestionzt HPWLS| &I} &

0.8

0.6

0.4

I| | “
0.2 W \

ML 1| B
I l | | |
‘l l|||IU i

| lflll

0 200

hpwl_histogram

HIP

al
li |“um h HMM&I&“N\ ll |

400

600

800

1N |
|
|
D

1k 1.2k

_________________________

0.58

0.56

0.54

0.52

0.5

0.48

0.46

0 200

congestion_histogram

400

600

o
220z 0|

800

1k

1.2k
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°.1 HES OHX[H

AlZ} Al HrExﬂE A A|StC}?]
Ifl_l-% xI-J— |_|_ EE-“:"
tﬂExﬂ MA|o| ate ™ = ARZHOf|H M 53

LS L—

OS2 MLY|z2 =8 s

< Design Flow >

System Specification

|

Functional Design

l

Logic Design

l

Circuit Design

Physical Design

Layout Verification

Y. Lu et al. The Law of Attraction: Affinity-Aware Placement Optimization using Graph Neural Networks, ISPD 2021

Fabrication & Testing

A. Agnesina et al. VLSI Placement Parameter Optimization using Deep Reinforcement Learning, ICCAD 2020
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5.2 Xtz =T fA|

Scale Up & Generalization

- 100 ~ 2007K2| Macro Cell, 2f 1002t7H2| Standard CellZ 1dEl Netlist HiX]
- C}YFSH NetlistO]| Lt Generalization2 2 h&0]| CHSH HEf 4

- Simulated Annealing / Genetic Algorithmz} 22 HitH=2 0 2 RL1} A5 H 2l
- 2tHo J|=S O 8 2[Xet ZX[0f| =it B8
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