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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 CPGE 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 CPGE O CE
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Peak Performance 3.06 TFlops
Memory 32 GB
Memory Bandwidth 136.5 GB/s
# core group 4
# cores 260

8SCOSGCT
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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 R T 6 AFG C 1 GI



Motivation and State of the Art

Major Challenges

Our Contributions

Performance and Simulation Results

Summary and Outlook

8R IG C
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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 ZWLJ YHS LSLTLU

n @LPZ@VS V 3253
p KPZJVU PU V Z 5HSLYRPU MPUP L LSLTLU

n 5 3 V 5 87
p PTWSPJP MPUP L LSLTLU

n D 21
p MPUP L KPMMLYLUJL
p WSHZ PJP Z WWVY LK
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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 O FNR HC G RI GL C RM

memory size: ~150 TB total flop: 100 Eflop
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Source Partitioner

Restart 
Controller

3D Model Interpolator

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

Snapshot/Sesimo 
Recorder

Velocity 
Update
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(Based on CG-FDM)

Seismic Wave Propagation 
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Fault Stress 
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Wave Eqn 
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(3)	CPE	block	partition

(4)	LDM	utility	scheme
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n 1VTW L MYVT :2

n JHYLM SS KLZPNULK 2 ZJOLTL V V LYSHW 2 HUK JVTW L

FC 6, PCB 6C LO 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
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Time

CPE
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64 ...

computation DMA read/write

64 CPE share the DMA bandwidth, with multithreading to hide the latency.
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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
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Additional complexity
and cost

Extra LDM read/write due to
compression/decompression
operations

Broken floating-point
instruction pipeline

L MOCPPGL 1RO FCO 8M G GW GL

CPE

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

(d) Compression algorithms
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(1)

(3)

dma_get 

Decompressed block
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(c) Decompress-compute-compress scheme

Compressed grid

dma_put
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16-bit floating point formats

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

L MOCPPGL 1RO FCO 8M G GW GL

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

L MOCPPGL 1RO FCO 8M G GW GL

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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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 JVTWSL L MYHTL VYR P O IV O K UHTPJ Y W YL HUK ZLPZTPJ H L WYVWHNH PVU
TVK SLZ

n U LSHIVYH L TLTVY ZJOLTL OH ZVS LZ OL TLTVY JVUZ YHPU HUK HJOPL LZ H
WLYMVYTHUJL VM ( % MSVWZ
p H JHYLM SS KLZPNULK 2 ZJOLTL P O HYYH M ZPVU V JVHSLZJL OL 2 VWLYH PVUZ
p VW PTPaLK ISVJRPUN JVUMPN YH PVU N PKLK I HU HUHS PJ TVKLS
p OHSV L JOHUNL OYV NO YLNPZ LY JVTT UPJH PVU

n U OL MS JVTWYLZZPVU V M Y OLY PTWYV L OL WLYMVYTHUJL V , MSVWZ

n 4 YL VYR
p JV WSLK ZPT SH PVU P O TLJOHUPJ TVKLS VM I PSKPUNZ
p NLULYHSPaH PVU VM OL JVTWYLZZPVU ZJOLTL MVY V OLY ZJPLU PMPJ JVTW PUN HWWSPJH PVUZ

7L IG C O 0 O FNR HC G RI GL
L R T GFR GEF



n @131- FPMLUN 1 P @ L L 2H 2HUPLS V LU 9PT SZLU
8VZO AVIPU SL 0YL LY HUK 2H LP  KPZJ ZZPVU HUK
HK PJL VU OL LHY OX HRL ZPT SH PVU VYR

MCAG I ,AH LTICBEC C P



n 3 LFR 1R 8 UMLUN :PHV 8PUaOL FHUN HUK L HS cAOL @ U H AHPO :PNO @ WLYJVTW LY- Z Z LT HUK
HWWSPJH PVUZd @173 13 167 7UMVYTH PVU @JPLUJLZ (, *  % ) - *%

n 3 LFR 1R 1VUNO P 6L 0PUN LP 1OLU L HS c , MSVWZ VUSPULHY 3HY OX HRL @PT SH PVU VU @ U H
AHPO :PNO - 3UHISPUN 2LWPJ PVU VM 6a HUK L LY @JLUHYPVZd PU YVJLLKPUNZ VM OL 7U LYUH PVUHS 1VUMLYLUJL
MVY 6PNO LYMVYTHUJL 1VTW PUN L VYRPUN @ VYHNL HUK UHS ZPZ  @1 * % WHNLZ , 6 2LOBL -CII 9OGWC
% *

n 3 LFR 1R 8 UMLUN :PHV HU 2PUN L HS c LKLZPNUPUN 1 @3 MVY L H @JHSL 1SPTH L VKLSPUN
LYMVYTHUJL HUK BS YH 6PNO LZVS PVU VU @ U H AHPO :PNO d PU YVJLLKPUNZ VM OL 7U LYUH PVUHS 1VUMLYLUJL

MVY 6PNO LYMVYTHUJL 1VTW PUN L VYRPUN @ VYHNL HUK UHS ZPZ  @1 * % WHNLZ VUL V VM OL 2LOBL
-CII DG IGP P % *

n 1OHV FHUN DLP E L 3 LFR 1R L HS c 1VYL ZJHSHISL M SS PTWSPJP ZVS LY MVY UVUO KYVZ H PJ
H TVZWOLYPJ K UHTPJZd PU YVJLLKPUNZ VM OL 7U LYUH PVUHS 1VUMLYLUJL MVY 6PNO LYMVYTHUJL 1VTW PUN

L VYRPUN @ VYHNL HUK UHS ZPZ  @1 ) 2LOBL -CII 9OGWC WW (* ) @HS :HRL 1P B HO B@ % )

n 3 LFR 1R 8 UMLUN :PHV DLP E L :HUUPUN DHUN HUK L HS c LMHJ VYPUN HUK W PTPaPUN OL 1VTT UP
TVZWOLYL VKLS  1 VU OL @ U H AHPO :PNO @ WLYJVTW LYd PU YVJLLKPUNZ VM OL 7U LYUH PVUHS

1VUMLYLUJL MVY 6PNO LYMVYTHUJL 1VTW PUN L VYRPUN @ VYHNL HUK UHS ZPZ  @1 ) WW ,), , @HS :HRL
1P B HO B@ % )

n 8PHY P 4HUN 3 LFR 1R DLUSHP GOHV 0PUN LP 1OLU DLP PL GOLUN HUK 5 HUN LU FHUN cZ 2 - :PIYHY
MVY JJLSLYH PUN 2LLW :LHYUPUN WWSPJH PVUZ VU @ U H AHPO :PNO d PU YVJLLKPUNZ VM OL 7333 7U LYUH PVUHS
HYHSSLS HUK 2PZ YPI LK YVJLZZPUN @ TWVZP T  7 2 @ WW ) ( )% H % *

For more details, please refer to the above papers
or contact haohuan@tsinghua.eud.cn.




