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City Rank in Top100

Shanghai 1

Suzhou 7

Wuxi 14

Nantong 24

Changzhou 34

Jiaxing 50



Sunway-I:
- CMA service, 1998
- commercial chip
- 0.384 Tflops
- 48th of TOP500

Sunway BlueLight:
- NSCC-Jinan, 2011
- 16-core processor
- 1 Pflops
- 14th of TOP500

Sunway TaihuLight:
- Peak > 100 Pflops
- homemade CPU

"FC �CPGE1 9OLACPP
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Simple for more

Wide vector

Scratchpad buffer instead of cache

Inter-core communication and synchronization support

Inherited core group structure (divide and conquer)

�9# �CPGE1 !7O%7CE<
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Peak Performance 3.06 TFlops
Memory 32 GB
Memory Bandwidth 136.5 GB/s
# core group 4
# cores 260
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n � 4PCL�:LCLS 7UALNYHAPVU 6PLYHYJOF
p JVTWBAPUN UVKL

p JVTWBAPUN IVHYK

p ZBWLY UVKL

p JHIPULA

p LUAPYL
JVTWBAPUN
ZFZALT
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System TaihuLight Tianhe-2 Piz Daint Titan Sequoia K

Peak Performance (PFlops) 125.4 54.9 36.2 27.1 20.1 11.3

Total Memory (TB) 1310 1024 340 710 1572 1410

Linpack Performance (PFlops) 93.0(74%) 33.9(62%) 19.6(54.1%) 17.6(65%) 17.2(85.3%)10.5(93.2%)

Rank of Top500 1 2 3 4 5 8

Performance/Power (Mflops/W) 6051.3 1901.5 10398 2142.8 2176.6 1060

Rank of Green500 17 118 6 109 100 277

GTEPS 23755.7 2061.48 ### ### 23751 38621

Rank of Graph500 2 8 ### ### 3 1

HPCG (Pflops) 0.48 0.5801 0.48 0.3223 0.3304 0.6027

Rank of HPCG 3 2 3 8 7 1

Sunway TaihuLight V.S. Other Systems

16



Sunway TaihuLight:
- NSCC-Wuxi, 2016
- 260-core processor
- 125 Pflops
- 1st of TOP500

Sunway Exa-Pilot System:
- 2018
- 5 ~ 10 Tflops per node
- 10 ~ 20 Gflops/W

Sunway Exa-Scale System
- 2021?
- 1000 Pflops
- 30 Gflops/W

"FC !R1T%< 6%AFG1C 1%0GI<



Motivation and State of the Art

Major Challenges

Our Contributions

Performance and Simulation Results

Summary and Outlook
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(�
% DLUJOBHU 3HYAOXBHRL-
• b,	�			 KLHK VY TPZZPUN
• b
		�			 PU7BYLK
• 
		 IPSSPVU 1"F SVZZ



n %� LHYAOXBHRL aVULZ

n 6PNO PUALUZPAF LHYAOXBHRL
aVULZ  !* HIVCL� JVCLY VCLY
(	� VM AOL SHUK
p %	� TH7VY AYHUZWVYAHAPVU SPULZ

p %
� WVWBSHAPVU

p %(� OFKYVWVDLY WYV7LJAZ

p �	� SHYNL TPULZ
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n "BTLYPJHS 3HYAOXBHRL $YLKPJAPVU
p LEAYLTLSF KPMMPJBSA PM DL AHYNLA HSS AOYLL

RLF LSLTLUAZ  APTL� SVJHAPVU� HUK
THNUPABKL� JVUJBYYLUASF

n @BI�WYVISLTZ HYL MLHZPISL HUK
ZAPSS TLHUPUNMBS
p AHYNLA ADV VM AOL AOYLL LSLTLUAZ

p YLKBJL AOL OHaHYK HUK YPZR

7R0COGA%I 0%O7FNR%HC 9OCBGA7GL1� 7FC #I7G0%7C �OC%0

Zhang, Heng
AD 78-139



n �MALYZOVJR WYLKPJAPVU
p RUVDU SVJHAPVU� WYLKPJA APTL HUK THNUPABKL
p TBJO LHZPLY AOHU LHYAOXBHRL WYLKPJAPVU� IBA ZAPSS BUYLZVSCLK

n 1HALNVYPaHAPVU VM YLNPVUHS LHYAOXBHRL YPZRZ
p UV SPTPA VU APTL� MVJBZLK VU SVJHAPVU HUK THNUPABKL
p SVUN�ALYT LCHSBHAPVU VM YPZRZ

n 3HYAOXBHRL YPZR WYLKPJAPVU  MVY OLHCPSF WVWBSHALK HUK PTWVYAHUA
PUMYHZAYBJABYLZ� IHZLK VU ZJLUHYPV ZPTBSHAPVUZ
p ZJLUHYPV�VYPLUALK  SVJHAPVU ZWLJPMPLK� HUK APTL PUKLWLUKLUA�
p HJJBYHAL WYLKPJAPVU VM IVAO AOL THNUPABKL HUK AOL OHaHYK KPZAYPIBAPVU

0U%0MICP LD 6C%1G1EDRI !R&�9OL&IC0P
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Cray T3D, 1996
- 256 CPUs
- 8 Gflops

Earth Simulator, 2003
- 1,944 CPUs
- 5 Tflops

Jaguar, 2008
- 29,000 CPUs
- 35.7 Gflops

Cray XK6, 2012
- 896 GPUs
- 135 Tflops

SEM

SPECFEM3D
Tianhe-2, 2014
- 1.5 million cores (KNC)
- 8.6 Pflops

Cori, 2017
- 612,000 cores (KNL)
- 10.4 Pflops

SeisSol

EDGE

K Computer, 2014
- 663,552 cores
- 0.804 Pflops

K Computer, 2015
- 663,552 cores
- 1.97 Pflops

GAMERA

GOJIRA

Jaguar, 2010
- 223,074 cores
- 220 Tflops

Titan, 2013
- 16,384 GPUs
- 2.33 Pflops

Titan, 2016
- 8,192 GPUs
- 1.6 PflopsGPU non-linear

AWP-ODC

n @$3143!�2
p ZWLJAYHS LSLTLUA

n @LPZ@VS AV 3253
p KPZJVUAPUBVBZ 5HSLYRPU MPUPAL LSLTLUA

n 5�!3%� AV 5#87%�
p PTWSPJPA MPUPAL LSLTLUA

n �D$�#21
p MPUPAL KPMMLYLUJL
p WSHZAPJPAF ZBWWVYALK
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Sunway TaihuLight, 2017
- 10,140,000 cores
- 15.2 Pflops without compression
- 18.9 Pflops with compression
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300 km x 300 km x 50 km

20 meter, 10 Hz

15,000 x	15,000 x	2,500
(562.5 billion grids)

100 s / 0.001 s = 105 (time
steps)

30~40 variables per grid

~500	FLOPs per grid

, "<MGA%I 0%O7FNR%HC !G0RI%7GL1 !C7RM

memory size: ~150 TB total flop: 100 Eflop
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Titan Sunway	TaihuLight
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Titan Sunway	TaihuLight

290 GB/s

136GB/s

"FC 6C0LO< -%OOGCO

3.06 T

1.45 T

2x

1/2

4x more
challenging
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n 2FUHTPJ YBWABYL ZVBYJL
NLULYHAVY  VYPNPUHALK MYVT
15�42!�

n @LPZTPJ DHCL WYVWHNHAPVU
 VYPNPUHALK MYVT �D$�#21�

n #AOLY BAPSPAPLZ-
p ZVBYJL WHYAPAPVULY  b*	 A0 PUWBA�
p �2 !VKLS 7UALYWVSHAVY
p %LZAHYA JVUAYVSSLY  b
		 A0

ZUHWZOVA�

8RO 0%O7FNR%HC !G0RI%7GL1 1O%0CTLOH

Source Partitioner

Restart 
Controller

3D Model Interpolator

LZ4 Compression, Group I/O,  Balanced I/O Forwarding

Snapshot/Sesimo 
Recorder

Velocity 
Update

Stress Update

Source 
Injection

Stress 
Adjustment For 

Plasticity

Dynamic Rupture Source Generator 

(Based on CG-FDM)

Seismic Wave Propagation 

(Based on AWP-ODC)

Next Timestep

3D Vel/Den Model

Fault Stress 
Init

Friction 
Law Ctrl

Wave Eqn 
Solver
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(1)	MPI decomposition
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(2)	CG	block	partition

'%
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Finished	area

Computing	area

Buffer	area

Unfinished	area
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(3)	CPE	block	partition

(4)	LDM	utility	scheme

next
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n 1VTWBAL MYVT :2!

n � JHYLMBSSF KLZPNULK 2!� ZJOLTL AV VCLYSHW 2!� HUK JVTWBAL

"FC �6,�&%PCB 6C0LO< 6LBCI

CPE

64 KB LDM
DDR MEM

(data in compressed form)
DMA get

DMA put

Load A

Compute A

Store A Load B

Compute B

Store B Load A

Compute A

Store ALoad B

Compute B

Store B

Synchronous DMA Asynchronous DMA



"FC �6, %1B -RDDCOG1E !AFC0C

Time

CPE

1

2

3

4

64 ...

computation DMA read/write

64 CPE share the DMA bandwidth, with multithreading to hide the latency.

(1)	Overlap	in	different	CPEs
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processed
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compute
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compute

DMA load
compute
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Compute
and
DMA
concurrently

(2)	Overlap	inside	CPE
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Left	boundary Inner	part

Right	boundary DMA	transfer
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Register	communication
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CPE

�L0MOCPPGL1� !NRCCWG1E 0U7O% 9CODLO0%1AC

Peak Utilized %

Flops 765 G 94.7 G 12.2%
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size
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34 GB/s 25 GB/s 73.5%
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size

64 KB 60 KB 93.8%

64 KB
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DDR MEM
(data in compressed form)
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functions

decompress
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Peak Utilized %

Flops 765 G 94.7 G 12.2%

Memory
size

5 G 4.6 G 92%

Memory
BW

34 GB/s 25 GB/s 73.5%

LDM
size

64 KB 60 KB 93.8%

64 KB
LDM

DDR MEM
(data in compressed form)

DM
A

compute
functions

decompress

compress

enable even larger problems

pumping more data in and out



Additional complexity and cost

Extra LDM read/write due to
compression/decompression operations

Broken floating-point instruction pipeline

�L0MOCPPGL1� 7L7 %1 0%P< "%PH
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Additional complexity
and cost

Extra LDM read/write due to
compression/decompression
operations

Broken floating-point
instruction pipeline

�L0MOCPPGL1� 1RO7FCO 8M7G0GW%7GL1

CPE

(a) Collect statistic from coarse grid (b) Computation workflow
Coarse Fine

(d) Compression algorithms

(2)

(1)

(3)

dma_get 

Decompressed block

W

T
N

(c) Decompress-compute-compress scheme

Compressed grid

dma_put

min/max

13-point stencil
In-place 

decomposition

sign exp (8b) frac (24b) sign exp (0-8b) frac (7-15b)
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)(log minmax2

(str, r1,r2, ,r6,sigma2,yldfac)

sign exp (5b) frac (10b)sign exp (8b) frac (24b)

1EEE754 32b to 16b FP conversion

(vel,ww0,phi,cohes,taxx, ,taxz)

sign exp (8b) frac (24b)

IEEE754 32-bit floating point format

sign frac (15b)

8

)/(1 minmax

�� 

��� 

VV

VVVVV

cmpr

16-bit floating point formats

(d1,lam,mu,qp,qs,vx1,vx2,ww)

LDM

Main Memory

16b to 32b decompression General 32b computation 32b to 16b compression

Host Memory

Host Memory: 

CPE:

1/3 of original performance



Additional complexity
and cost

Extra LDM read/write due to
compression/decompression
operations

Broken floating-point
instruction pipeline

�L0MOCPPGL1� 1RO7FCO 8M7G0GW%7GL1

compress every point
on the fly buffering a plane

1/3 to 90% of original performance



Additional complexity
and cost

Extra LDM read/write due to
compression/decompression
operations

Broken floating-point
instruction pipeline

�L0MOCPPGL1� 1RO7FCO 8M7G0GW%7GL1

90% to 120% of original performance

LOAD	LDM1,$ra
SSL	$ra,	$ra
STORE	$a,	LDM1
LOAD	LDM2,$rb
SSL	$rb,	$rb
STORE	$rb,	LDM2
LOAD	LDM3,	$rc
SSL	$rc $rc
STORE	$rc,	LDM3
LOAD	LDM1,$ra
LOAD	LDM2,$rb
ADD	$ra,	$rb,	$ra
LOAD	LDM3,	$rc
MUL	$ra,	$rc,	$ra
STORE	$ra,	LDM2

LOAD	LDM1,$ra
SSL	$ra,	$ra
LOAD	LDM2,$rb
SSL	$rb,	$rb
LOAD	LDM3,	$rc
$rc $rc
ADD	$a,	$b,	$a
MUL	$a,	$c,	$a
STORE	$a,	LDM2

switch the buffering of temporary
variables from LDM to registers
by using intrinsic assembly
instructions, especially for
function calls



Additional complexity
and cost

Extra LDM read/write due to
compression/decompression
operations

Broken floating-point
instruction pipeline

�L0MOCPPGL1� 1RO7FCO 8M7G0GW%7GL1

La Lb Lc Ld Da Db Dc Dd + - + - C1 C2 S1 S2

Load a,b,c,d

Decompress a,b,c,d

op for a,b

op for c,d

compress 1,2

store 1,2

Da Db Dc + - + - C2
La Lb Lc Ld Dd C1 S1 S2

Pipeline	0:
Pipeline	1:

Da Db + - Dd + - C2
La Lb Lc Ld Dc C1 S1 S2

Pipeline	0:
Pipeline	1:

La Lb Da Db + - Lc Ld �� Dd C1 S1 + � C2 S2

11 stage

10 stage

reorder instructions

120% to 130% of original performance
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Number of processes
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Ideal (Linear+Compress)
Ideal (Non-linear+Compress)

Linear                           (Peak: 10.7PFLops, Para. eff. 97.9%)
Non-linear                    (Peak: 15.2PFlops, Para. eff. 80.1%)
Linear+Compress        (Peak: 14.2PFlops, Para. eff. 96.5%)
Non-linear+Compress (Peak: 18.9PFlops, Para. eff. 79.5%)
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Peak Best Efficiency

Titan 27 Pflops half machine: 1.6 Pflops, 11.9%

Sunway
TaihuLight 125 Pflops without compression: 15.2 Pflops, 12.2%

with compression: 18.9 Pflops, 15.1%
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n � JVTWSLAL MYHTLDVYR DPAO IVAO KFUHTPJ YBWABYL HUK ZLPZTPJ DHCL WYVWHNHAPVU
TVKBSLZ

n �U LSHIVYHAL TLTVYF ZJOLTL AOHA ZVSCLZ AOL TLTVYF JVUZAYHPUA� HUK HJOPLCLZ H
WLYMVYTHUJL VM 
(�% $MSVWZ
p H JHYLMBSSF KLZPNULK 2!� ZJOLTL DPAO HYYHF MBZPVU AV JVHSLZJL AOL 2!� VWLYHAPVUZ
p VWAPTPaLK ISVJRPUN JVUMPNBYHAPVU NBPKLK IF HU HUHSFAPJ TVKLS
p OHSV LEJOHUNL AOYVBNO YLNPZALY JVTTBUPJHAPVU

n #U�AOL�MSF JVTWYLZZPVU AV MBYAOLY PTWYVCL AOL WLYMVYTHUJL AV 
��, $MSVWZ

n 4BABYL DVYR
p JVBWSLK ZPTBSHAPVU DPAO TLJOHUPJ TVKLS VM IBPSKPUNZ
p NLULYHSPaHAPVU VM AOL JVTWYLZZPVU ZJOLTL MVY VAOLY ZJPLUAPMPJ JVTWBAPUN HWWSPJHAPVUZ
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For more details, please refer to the above papers
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