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ISPD2021 Benchmark Contest
Wafer Scale Physics Modeling

Program

* Welcome, ISPD’s Benchmark Contest History

* CS-1 Wafer Scale Engine hardware

* The ISPD2021 challenge: wafer scale physics modeling

* Benchmarks, scoring

e Results, Reveal of the winners

* Analysis of the Results

* Short 4-min Team presentations 51‘10“5'1‘00“‘
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Physical Design
Benchmark Contest History
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« 2005&2006 Standard Cell Placement

o 2007&2008 Global Routing

o 2009&2010 Clock Tree Synthesis

« 2011 Congestion Driven Placement

o 2012&2013 Discrete Gate Sizing

o 2014&2015 Routing-aware placement

« 2016 Routability-driven FPGA placement
o 2017 Clock-aware FPGA Placement

o 2018&2019 Detailed Routing

o 2020 Wafer-Scale Placement for ML

« 2021 Wafer-Scale Physics modeling/ R _ | |
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Cerebras ISPD 2021 Team

. Patri
. h/?'trICk Groeneveld

V ichael James

IIIadslmir Kibardin
» llya Shara

poVv
|spD 2021 wafer ys
ntier for partitioning Pplacement and Routing

. Marvi
in Tom
. Leo W
an
g patrick Groeneve\d, Mi
llya SharapoVs Marvin
Los Altos, CA, USA

Cerebras Systems;
{gatrick, m'\chael, yladimir, ilya, marvin, \eo}@cerebras.net
ABSTRACT 1. lntroduction
Solving 3-D artial dlfferent\al equations inite Element Finite Element (FE) methods aré widely used for solving nonlinear
model is computationally intensive and requires extremely high artial differential equations (PDE’ 5). They use 2 mesh of discrete
memory and ¢ unication pandwidth- This paper describes 2 oints O model 2 region. £ methods perform the sameé
novel way where the Finite Element mesh points of varying computational pattern uniformly at all mesh points- Fast
resolution ar€ mapped © a large 2-D homogenous array © ini methods has many relevant
processors: rebras developed 2 novel superco puter that 1s ics and structural
owered by 2 21.5cm by 91.5cm W2 er-Scale Engine WSE) with i
ores. With 2.6 tr on transistors
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Cerebras: Largest
Chip Ever Built

* 46,225 mm? silicon

e 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

@erebras



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

International Symposium 2 O
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Extending CS-1:
Physics Simulations

.
.

8 "o —

* Performance level opens possibility Fast Stencil-Code Computation on a
for whole new types of computer Wafer-Scale Processor
applications.

Kamil Rocki*, Dirk Van Essendelft, Ilya Sharapov*, Robert Schreiber*, Michael Morrison*,
Vladimir Kibardin*, Andrey Portnoy*, Jean Francois Dietiker’!, Madhava Syamlal’ and Michael James*



Finite Volume Method

* Dice space into many small cubic cells.

—a ()

over time.

* Navier Stokes leads to a sparse linear /

* Track pressure, velocity in each cell & . j: @
systems at each time step. '

* Solving provides physical quantities L7
for next time step.




BiConjugate Gradient on CS-1

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

l..l=i=

3D mesh with local interactions Sparse Matrix A, a 7- point stencil



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(A4, b, xg)
To < b,po < 19

Fori=0,1,2,..do

S; < Ap;
0. (10, 17)
' (10, S;)

qi <1 — &S

Vi < Aq;
o Ty
Y vy

Xi < Xi +aip; + wiq;
Ti+1 < q; — WiYi

ai{To, Ti4+1)
w10, T7)

i

Di+1 < Ti+1 T Bi(p; — w;s;)

End for
End function



Requires Huge Memory Bandwidth

Operation FLOPS READS WRITES FLOP : 10 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 75:1
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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.
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Density
-unction

* 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.

1.0

0.8

0.6

- 0.4

- 0.2

- 0.0




Placement

Place all compute tiles in a region.
Place adapters between regions.

Connectivity score:
Minimize L, ¢ wire-length.




Scoring

* Accu racy score

Target distribution Solution distribution
* Scale solution distribution to exceed '] 1.0
the target 8 081 /\
0.6 1 0.6
. . . . \
Score: number of grid points that 0] 0l 7
are under target 0. 02 - Dv
® . H 0.0 - 0.0
Ove ra” >core: mlnlmur_n.Of Scaled solution Accuracy score: ratio of integrals
Accu racy and COﬂﬂECtIVIty 15 1.95
* Need to optimize both metrics 1.004 1.00 1
0.75 A 0.75 A
0.50 A /\ 0.50 A /\
0.25 A1 0.25 A
0.00 A Iy 0.00 A ﬁ




Meet the Teams in the ISPD2021 Contest!
T N

A-Team

The Chinese University of Hong
Kong

FA4@CollegeStation Texas A&M

FSPlanner

iPlace
Jinkela
NTU428
NYCU718
SmartFEP

XDPlacer

@erebras

University of Utah

National Taiwan University
National Tsing Hua University

National Taiwan University

National Yang Ming Chiao Tung
University

Huazhong University of Science and
Technology

Xidian University

Hong Kong

USA

USA

Taiwan

Taiwan

Taiwan

Taiwan

China

China

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

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

Cheng-Hsiang Chiu, Dian-Lun Lin, Tsung-Wei Huang
Chun-Yu Yang, Yi-Ting Hsieh, Jhu-Lin Lan, Yu-Quan Chen, Iris Hui-
Ru Jiang

YUNG-YUAN Lan, Chao-Yuan Huang, HSIU-CHU Hsu, Yu-Yu Li, Zhi-
Hong Li, Ye-Chih Lin, CHieh-Yu Cheng, Ting-Chi Wang

Yu-Ching Huang, Yen-Hsiang Huang, Hao-Yun Chang, Yao-Wen
Chang

Hong-Wen Chiou, Chun-Wei Lai, Yu-Teng Chang, Yu-Min Lee

Zhouxing Su, Canhui Luo, Qingyun Zhang, Yan Gao, Zhipeng Ll
Benzheng Li, Zhengguang Tang, Xiyi He, Dingcheng Liu, Guangxin
Guo, Hailong You, Zhongdong Qi

International Symposium
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Benchmark Set

* Bullet
* Flange
* Motorbike
Propeller

ISPD2021 Benchmark Contest
Wafer Scale Physics Modeling
=

O— 07O

e mn
L)

O

Finite Element model Partitioning into
heatmap Kernels

..................

Placement and
Routing




ISPD2021 Framework: Software

e Custom Software:

o  Parsing, Benchmark Generation, scoring, visualization

e Google Forms, Sheets, Docs:

o  Submission, Team administration, final scoring

o  Yet Another Mail Merge
e Github repository:

o  Testcases, scoring and evaluation tool
e Piazza:

o  Communication with teams, Q&A
e DOMJudge:

o  Submission of results
e Amazon AWS server:

DOMijudge

\ ISPD 2021

' The public scoreboard was frozen with 0 minutes remaining

o  Scoring results
‘YFmer -

B8 general_discussion

| am wondering what is the policy that

[ello¥#de] ISPD 2021 ¥
& uve Qea (Sl Drafts (B Reading list
Unread Updated Unresolved Following o 15
s |8
~ PINNED ~*
Instr The final stretch of the ISPD... 3nm21
Hi Teams! With just 2 more days to go we are =]
already seeing great progress with many
excellent results! Below is a qui
+ 1 Unresolved Followup
Instr Final set of benchmarks. De... 3/10/21
Hi teams! We are now ready to release the E
final set of benchmarks. There are four 3D
models with heat maps, in increasi
+ 1 Unresolved Followup
Instr  Git Repo Updates 2/5/21
This post will be updated with any changes to ﬂ
the git repo due to clarifications or fixes to
bugs. 03/02/2021:https://g
+ Added to reading list
~ THIS WEEK
Instr Reminder: deadline for ISPD... Mon
Hi teams! ISPD 2021 kicked off this morning.
The special session on the contest will be on
Wednesday March 24th at 9:15
PE size limitation Mon
According to @45, the torus-200's PEsize g
should be 800x1060. However, we believe
that the cases 'small torus', 'large to
submission questions Mon
How do you take the last submission? Is the
last submitted program for each case? Or the
last .out file for each case?
About the timing limitation of final testi... Sun
Hi, we want to know the exact time a
constraint for final result testing, what time
limit will be set to, is it same as t
~ LAST WEEK
Is it possible to distribute computation... Fri

Ban User Console « Note sttory

Class

team _internal_discussion tools ) v

tests. benchmarks

g

e

T

‘ 2. The special session on the contest is on Wednesday March 24th at 9:15am Pacific Time. Unlonunately this is 12:15am

3. Prepare a 4

te video

« Your team name, members, and where you are from
+ The outline with the methods of your approach

« A few nice details, results and pictures
* What you took away from this contest.

4. The final scores will be announced.

5. We will make certificates for all team members.

about your work. We will play this during the session. Hit the followin

6. There will be award plaques and $3000 worth of prizes to the top-3 winning teams.

We are very much looking forward to your result and the ISPD special session next week!

Kind regards on behalf of the Cerebras ISPD2020 team,

Patrick

A peek at the score that we see until now (Wednesday March 17th) . Note: we cannot disclose details here without giving way
Blue = normalized accuracy score, Red = normalized connectivity score.

Propeller Tip Scores (accuracy, connectivity)

team1

team2

team3

team4 team5

team6 team7

prelim

heatmap RANK TEAM score  BuLLer © [1 romr] Frange O [1 rowr] HoLLow SpHere @ [1 romr] Larce Torus @ [1 ront] MotorBike @ [1 ronr] PropeLLERTIP @ [1 ronr] SimpLE TEST @ [0 pomrs]
Submit 1 Padcpans  ATeam oo, 30545 31087 31088 30542 15471
Sy Collate The Chinese University of Hong Kong 2 tries 5tries 5 tries. 2 tries 1ty
= m., U e | Sore —an 2 smanFep .. | 80869 21031 21034 30871 30750 8897
Huazhong University of Science and Technology 6 tries 3 tries 1ty 5 tries 1ty 3 tries.
NTU428 30623 31035 21994 27843 29495 11760
Crasl 3 e 7 206229
error IIIegaI National Taiwan University 3 tries 18 tries 22 tries 1try 1try 2 tries
Exceeds 15 min . Fa@CollegeStation o 31744 21351 21349 31744 30118 21209
Texas A&M University 13 tries 1try 1ty 4 tries 1ty 1ty
5 XDPlacer o 000 33930 38422 26841 26841 38384 26768
Xidian University 6 tries 8 tries 1try 1ty 30 tries. 1try
6 iPlace | ,o40cc 41571 41571 36421 42490 42696 41570 11094
National Taiwan University 3 tries 3 tries 2 tries. 6 tries. 6 tries 3 tries 4 tries
7 8 1o Jinkela o000 43937 45251 33961 33961 43937 33984 33945
National Tsing Hua University 3 tries 11 tries. 1ty 1ty 3 tries 2 tries 4 tries
8 “ 14 NYCU718 . ooocoe 38741 40519 36870 36870 41300 36831 36828
Ccere ras Nataral Yang Ming GhiaTung Unersly S e s o s o oz
5 FSPlanner  ,  pocoo - - 46010 46268 - 46424 41654
University of Utah 2 tries 2 tries 3 tries 2 tries.




Scoring Results for the 4 Final Benchmarks

Rank

(D@NCDO'I#WN!

@erebras

4-design
Score

2.4370
2.3642
2.0033
1.8033
1.5919
0.5241
0.1581
0.1264
0.0363

Bullet

Accuracy Connectivity Score

0.6140
0.5194
0.4756
0.2608
0.3648
0.1655
0.0354
0.0340

0.7917
0.6771
0.5063
0.7777
0.5685
0.1636
2.2755
0.0645

0.6140
0.5194
0.4756
0.2608
0.3648
0.1636
0.0354
0.0340

Flange

Accuracy Connectivity Score

0.4614
0.4689
0.3883
0.4743
0.3849
0.1889
0.0001
0.2629

0.5810
0.6994
0.7599
0.5814
0.5341
0.1789
0.0513
0.0220

0.4614
0.4689
0.3883
0.4743
0.3849
0.1789
0.0001
0.0220

0.7089
0.7089
0.4905
0.6536
0.5585
0.1049
0.0004
0.0317

Propeller Tip
Accuracy Connectivity Score
0.7089 0.7245
0.7089 0.8102
0.7088 0.4905
0.6539 0.6536
0.5585 0.5618
0.1049 0.4163
0.0004 71.4239
0.2897 0.0317
0.0363 0.0682

0.0363

Motorbike

Accuracy Connectivity Score

0.6528
0.6670
0.6516
0.5555
0.2837
0.3116
0.1222
0.0959

0.7706 0.6528
0.8764 0.6670
0.6489 0.6489
0.4146 0.4146
0.8539 0.2837
0.0767 0.0767
0.9741 0.1222
0.0387 0.0387

International Symposium
on Physical Design >




And now
The Winners!!

1St place: $1500
2"d place: $1000

3*d place: $500
@erebras




Third Place
Third Place

Third Place

International Symposium 2
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Total score for designs Bullet, Flange, Propeller Tip, Motorbike

F4@CollegeStation
A-Team

SmartFEP

NTU428

XDPlacer

14173 0.1636 0.1789 (ON1049 0.0767

Jinkela 010354 0.0001 0.0004 0.1222
NYCU718 00340 0.0220 0.0317 0.0387

0.0000 0.5000 1.0000 1.5000 2.0000 2.5000
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Results

(public)

Team Name 4-design Bullet Flange Propeller Tip Motorbike
Rank Score Accuracy Connectivity Score Accuracy Connectivity Score Accuracy Connectivity Score |Accuracy Connectivity Score

FA@CollegeStation 2.4370( 0.6140 0.7917 0.6140 0.4614 0.5810 0.4614| 0.7089 0.7245 0.7089| 0.6528 0.7706 0.6528
A-Team 7 2| 2.3642( 0.5194 0.6771 0.5194 0.4689 0.6994 0.4689| 0.7089 0.8102 0.7089| 0.6670 0.8764 0.6670
SmartFEP 3| 2.0033| 0.4756 0.5063 0.4756 0.3883 0.7599 0.3883| 0.7088 0.4905 0.4905| 0.6516 0.6489 0.6489
NTU428 4 1.8033| 0.2608 0.7777 0.2608 0.4743 0.5814 0.4743| 0.6539 0.6536 0.6536| 0.5555 0.4146 0.4146
XDPlacer 5 1.5919| 0.3648 0.5685 0.3648 0.3849 0.5341 0.3849| 0.5585 0.5618 0.5585| 0.2837 0.8539 0.2837
iPlace 6| 0.5241| 0.1655 0.1636 0.1636 0.1889 0.1789 0.1789( 0.1049 0.4163 0.1049| 0.3116 0.0767 0.0767
Jinkela 7| 0.1581| 0.0354 2.2755 0.0354 0.0001 0.0513 0.0001| 0.0004 71.4239 0.0004| 0.1222 0.9741 0.1222
NYCU718 8| 0.1264| 0.0340 0.0645 0.0340 0.2629 0.0220 0.0220( 0.2897 0.0317 0.0317| 0.0959 0.0387 0.0387
FSPlanner 9| 0.0363 0.0363 0.0682 0.0363
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Results: Heat Map Accuracy

(public)
Team Name 4-design Bullet Flange Propeller Tip Motorbike
Rank Score Accuracy Connectivity Score Accuracy Connectivity Score Accuracy Connectivity Score |Accuracy Connectivity Score

FA@CollegeStation 2.4370( 0.6140 0.7917 0.6140 0.4614 0.5810 0.4614| 0.7089 0.7245 0.7089| 0.6528 0.7706 0.6528
A-Team 2 2.3642|/ 0.5194 0.6771 0.5194 0.4689 0.6994 0.4689| 0.7089 0.8102 0.7089| 0.6670 0.8764 0.6670
SmartFEP ‘ 3 0.5063 0.4756 0.3883 0.7599 0.3883| 0.7088 0.4905 0.4905| 0.6516 0.6489 0.6489
NTU428 4 0.2608 0.4743 0.5814 0.4743| 0.6539 0.6536 0.6536| 0.5555 0.4146 0.4146
XDPlacer 5 0.3849 0.5341 0.3849( 0.5585 0.5618 0.5585| 0.2837 0.8539 0.2837
iPlace 6 0.1889 0.1789 0.1789| 0.1049 0.4163 0.1049| 0.3116 0.0767 0.0767
Jinkela 7 0.0513 0.0001| 0.0004 71.4239 0.0004| 0.1222 0.9741 0.1222
NYCU718 8 .0220 0.0220| 0.2897 0.0317 0.0317| 0.0959 0.0387 0.0387
FSPlanner 9 0.0363 0.0682 0.0363
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A Look at the Results (Flange *»

flange/f4collegestation.out PE Placement

flange/ateam.out PE Placement
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A Look at the Results (Flange

A:0.4614 C: 0.5810
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More Teams (Flange

flange/ntu428.out PE Placement flange/xdplacer.out PE Placement
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More results (Flange

flange/jinkela.out PE Placement flange/nycu718.out PE Placement
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