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Program

•Welcome, ISPD’s Benchmark Contest History 
• CS-1 Wafer Scale Engine hardware 
• The ISPD2021 challenge: wafer scale physics modeling 
• Benchmarks, scoring  
• Results, Reveal of the winners
• Analysis of the Results
• Short 4-min  Team presentations

Questions? 

Please use Zoom chat 



Physical Design 
Benchmark Contest History
● 1988 Macro Placement
● 2005&2006 Standard Cell Placement
● 2007&2008 Global Routing
● 2009&2010 Clock Tree Synthesis
● 2011 Congestion Driven Placement
● 2012&2013 Discrete Gate Sizing
● 2014&2015 Routing-aware placement
● 2016 Routability-driven FPGA placement
● 2017 Clock-aware FPGA Placement
● 2018&2019 Detailed Routing
● 2020 Wafer-Scale Placement for ML
● 2021 Wafer-Scale Physics modeling
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Cerebras ISPD 2021 Team

● Patrick Groeneveld
● Michael James
● Vladimir Kibardin
● Ilya Sharapov
● Marvin Tom
● Leo Wang



Cerebras: Largest 
Chip Ever Built

• 46,225 mm2 silicon
• 2.6 Trillion transistors, 7nm TSMC
• 850,000 processor cores
• 40 Gigabytes of On-chip Memory
• 9 PByte/s memory bandwidth
• 100 Pbit/s fabric bandwidth



CS-1 Supercomputer Hardware
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The wafer-scale physics modeling problem



Extending CS-1:
Physics Simulations

• At Supercomputing 2020:
• CS-1 achieved previously impossible
• Faster than real-time on 1M+ cells

• ISPD21 Challenge extends these 
results to realistic scenarios.

• Performance level opens possibility 
for whole new types of computer 
applications.



Finite Volume Method

• Dice space into many small cubic cells.
• Track pressure, velocity in each cell 

over time.
• Navier Stokes leads to a sparse linear 

systems at each time step.
• Solving provides physical quantities 

for next time step.



BiConjugate Gradient on CS-1

• Krylov subspace method to solve linear system Ax = b.
• Structured sparse A to model local interactions in 3-space

Sparse Matrix A, a 7- point stencil3D mesh with local interactions



Inner Computation Loop

Operation Count FLOPS % FLOPS
Vector Multiply-Add 6 12N 30%
Sparse Matrix-Vector 2 24N 50%
Dot Product 4 8N 20%

Function BiCGSTAB(𝐴, 𝑏, 𝑥!)
𝑟! ← 𝑏, 𝑝! ← 𝑟!
For i = 0, 1, 2, … do
𝑠" ← 𝐴𝑝"

𝛼" ←
𝑟!, 𝑟"
𝑟!, 𝑠"

𝑞" ← 𝑟" − 𝛼"𝑠"
𝑦" ← 𝐴𝑞"

𝜔" ←
𝑞", 𝑦"
𝑦", 𝑦"

𝑥" ← 𝑥" + 𝛼"𝑝" + 𝜔"𝑞"
𝑟"#$ ← 𝑞" − 𝜔"𝑦"

𝛽" ←
𝛼" 𝑟!, 𝑟"#$
𝜔" 𝑟!, 𝑟"

𝑝"#$ ← 𝑟"#$ + 𝛽"(𝑝" − 𝜔"𝑠")

End for
End function



Requires Huge Memory Bandwidth

Operation FLOPS READS WRITES FLOP : IO Pattern
Vector Multiply-Add 2N 2N N 2:3 Local
Sparse Matrix-Vector 12N 7N N 3:2 Neighbor
Dot Product 2N 2N 0 1:1 All Reduce

Processor FLOP : IO
GPU 1000:1
CPU 200:1
CS-1 ⅔:1



Sparse Matrix - Vector
Communication Pattern

1x1x1000



ISPD 2021 Challenge

• Real simulations use irregular mesh!

• Extend kernels:
• Each tile holds 10x10x10 grid points.
• Adapters perform 2x2:1 interpolation.

• Formulate placement & routing problem.



Density 
Function
• Map from 3D space to 

desired resolution.



Partitioning

Solutions partition into fixed 
resolution regions.

Resolutions are powers of 2.

Approximate target density.

Sub-meshes must align.



Placement

Place all compute tiles in a region.

Place adapters between regions.

Connectivity score:
Minimize L1.5 wire-length.

1 1 1 1 1 B B 2 A A 2 A A 2 A A 2 A 3

1 1 1 1 1 B 3 A 3 3 3 3 3 3 3 3 3 3 3 3

1 1 1 1 1 B B 3 3 3 3 3 3 3 3 3 3 3 3 3

1 1 1 1 1 B 3 3 3 3 3 3 3 3 3 3 3 3 3 3

C C C C C C C C C C 3 3 3 3 3 3 3 3 3 3

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

D 4 D 4 D 4 D 4 D 4 D 4 4 4 4 4

4 4 F 6 D 6 D 6 D 6 D 6 D 6 D E E E 4

4 4 4 F 6 6 6 6 6 6 6 6 6 6 6 6 G 7 7 E

4 4 4 F 6 6 6 6 6 6 6 6 6 6 6 6 G 7 7 7

5 5 5 F 6 6 6 6 6 6 6 6 6 6 6 6 G 7 7 7

5 5 5 F 6 6 6 6 6 6 6 6 6 6 6 6 G G 7 E

5 5 5 F 6 6 6 6 6 6 6 6 6 6 6 6 G G 7 7

5 5 5 F 6 6 6 6 6 6 6 6 6 6 6 6 7 H H E

5 5 5 F 6 6 6 6 6 6 6 6 6 6 6 6 G H 8 8

5 5 5 F 6 6 6 6 6 6 6 6 6 6 6 6 7 H 8 8

5 5 5 I 6 I 6 I 6 I 6 I 6 I 6 G H 8 8

5 5 5 5 9 I 9 I 9 I 9 I 9 I 9 I 7 H 8 8

5 5 5 5 9 9 9 9 9 9 9 9 9 9 9 9 7 H 8 8

5 5 5 5 9 9 9 9 9 9 9 9 9 9 9 9 7 H 8 8



Scoring

• Accuracy score 
• Scale solution distribution to exceed 

the target
• Score: number of grid points that 

are under target

• Overall score: minimum of 
Accuracy and Connectivity
• Need to optimize both metrics



Meet the Teams in the ISPD2021 Contest!
Team Affiliation Country Members

A-Team The Chinese University of Hong 
Kong Hong Kong

Jinwei Liu, Xiaopeng Zhang, Xinshi Zang, Shiju Lin, Jingsong Chen, 
Bentian Jiang, Lixin Liu, Fangzhou Wang, Evangeline F.Y. Young, 
Martin D.F. Wong

F4@CollegeStation Texas A&M USA Yishuang Lin, Hailiang Hu, Rongjian Liang, Yaguang Li, Jiang Hu

FSPlanner University of Utah USA Cheng-Hsiang Chiu, Dian-Lun Lin, Tsung-Wei Huang

iPlace National Taiwan University Taiwan Chun-Yu Yang, Yi-Ting Hsieh, Jhu-Lin Lan, Yu-Quan Chen, Iris Hui-
Ru Jiang

Jinkela National Tsing Hua University Taiwan YUNG-YUAN Lan, Chao-Yuan Huang, HSIU-CHU Hsu, Yu-Yu Li, Zhi-
Hong Li, Ye-Chih Lin, CHieh-Yu Cheng, Ting-Chi Wang

NTU428 National Taiwan University Taiwan Yu-Ching Huang, Yen-Hsiang Huang, Hao-Yun Chang, Yao-Wen 
Chang

NYCU718 National Yang Ming Chiao Tung 
University Taiwan Hong-Wen Chiou, Chun-Wei Lai, Yu-Teng Chang, Yu-Min Lee

SmartFEP Huazhong University of Science and 
Technology China Zhouxing Su, Canhui Luo, Qingyun Zhang, Yan Gao, Zhipeng Lü

XDPlacer Xidian University China Benzheng Li, Zhengguang Tang, Xiyi He, Dingcheng Liu, Guangxin
Guo, Hailong You, Zhongdong Qi



Benchmark Set
• Bullet
• Flange
• Motorbike
• Propeller

heatmap



ISPD2021 Framework: Software
● Custom Software:

○ Parsing, Benchmark Generation, scoring, visualization

● Google Forms, Sheets, Docs: 
○ Submission, Team administration, final scoring
○ Yet Another Mail Merge

● Github repository: 
○ Testcases, scoring and evaluation tool

● Piazza:
○ Communication with teams, Q&A

● DOMJudge:
○ Submission of results

● Amazon AWS server:
○ Scoring results



Scoring Results for the 4 Final Benchmarks



And now
The Winners!!

1st place: $1500
2nd place: $1000

3rd place: $500



Third Place
Third Place
Third Place
Third Place



Team SmartFep
THIRD PLACE

Jens Lienig
General Chair

ISPD2021

Laleh Behjat
Technical Program Chair

ISPD2021

Patrick Groeneveld, Michael James, 
Vladimir Kibardin, Ilya Sharapov, 

Marvin Tom, Leo Wang, 
Cerebras 

2021 ACM International Symposium on Physical Design

Wafer-Scale Physics Modeling Contest

Canhui Luo, Zhouxing Su, Zhipeng Lü, Qingyun Zhang, Yan 
Gao

Huazhong University of Science and Technology



Second Place
Second Place
Second Place
Second Place



Team A-Team
SECOND PLACE

Jens Lienig
General Chair

ISPD2021

Laleh Behjat
Technical Program Chair

ISPD2021

Patrick Groeneveld, Michael James, 
Vladimir Kibardin, Ilya Sharapov, 

Marvin Tom, Leo Wang, 
Cerebras 

2021 ACM International Symposium on Physical Design

Wafer-Scale Physics Modeling Contest

Jinwei Liu, Xiaopeng Zhange, Shiju Lin, Xinshi Zang, 
Evangeline F.Y. Young, Martin D.F. Wong

The Chinese University of Hong Kong



First Place
First Place
First Place
First Place



Team F4@Collegestation
FIRST PLACE

Jens Lienig
General Chair

ISPD2021

Laleh Behjat
Technical Program Chair

ISPD2021

Patrick Groeneveld, Michael James, 
Vladimir Kibardin, Ilya Sharapov, 

Marvin Tom, Leo Wang, 
Cerebras 

2021 ACM International Symposium on Physical Design

Wafer-Scale Physics Modeling Contest

Yishuang Lin, Hailiang Hu, Rongjian Liang, Yaguang Li, 
Jiang Hu

Texas A&M University





Results
(public)



Results: Heat Map Accuracy
(public)



A Look at the Results (Flange)

A: 0.4614 C: 0.5810 A: 0.4689 C: 0.6994 A: 0.2883 C: 0.7577



A Look at the Results (Flange)
A: 0.4614 C: 0.5810 A: 0.4689 C: 0.6994 A: 0.2883 C: 0.7577



More Teams (Flange)



More results (Flange)



Thank You!


