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— Shoubu (RIKEN Wako), Suiren Blue (KEK),
Suiren (KEK) TDTop3

Listed below are the June 2015 The Green500's energy-efficient supercomputers ranked from 1 to 10.

\Iollll.

Green500
Rank

MFLOPS/W Computer*

Shoubu - ExaScaler-1.4 80Brick, Xeon E5-2618Lv3 8C 2.3GHz, Infiniband

1 7,031.58 RIKEN FDR, PEZY-SC 50.32

2 6.842.31 High Energy Accelerator Suiren Blue - ExaScaler-1.4 16Brick, Xeon E5-2618Lv3 8C 2.3GHz, 28.25
T Research Organization /KEK Infiniband, PEZY-SC ’

3 6,217.04 High Energy Accelerator Suiren - ExaScaler 32U256SC Cluster, Intel Xeon E5-2660v2 10C 2.2GHz, 32 59

Research Organization /KEK Infiniband FDR, PEZY-SC
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ExaScaler-1.4
(Suiren Blue / Shoubu)
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- 7Oy 5 101) v U538l GustavsonDE

lu2 D4F

IRLU I f# IS EE

+ 1THDEINS I %Z Row MajoriCZZEE

— (TRIEHNERE T 7 2 RICHE D &EERIC
- IR CTwRAVNI KB ->TERLS (HRDITIIIC

7’3:97—:5) —

IR

e PivotiEER. BHLUNDEDO X E) 77t A%XRM L
o (TRHrEEHE (DGEMM) ZHA—N—5v S

S TRk

A

 DTRSM% =

5175 D175 £ DDGEMMIC



Pivotf iz & 1735

2. {173

- BELEULLIEINZ
< DICWHELIZE
. TRIDXRTHLITD

u BIEIIRETS
- ﬁ?&?ﬁatatjm\y 71k

_JHI:,

« HPLAHE|ZEEZR%[O
TEITORVFICH -
TWiEunolEonhsH

D H
1LADFRMCEKRIEZERL



70y 7{ELUS %

7517,&5']7& pendingti3k3 & W5 OHEAXNLZE
z

— ElFBANICKF LRV D

- ERIDEEEBREICH DT HAIZNIE

DGEMM

EDIE% LU AT A _EERALEE BERT7YyTT—hk
vay: (—&=E&L W)



lU2TDA—=IN—Fv S

s TR EBEHEZINT TS
1 1t
« MOFEDLUNRE BUES
BB31ETRE <R

DGEMM

Columnl: | 473#: | DGEMM | #LUHDME
Column2: T = DGEMM 1
Column3: . {3%# | DGEMM |

L 4
L 4
L 4



Mk - Fujitsu7—*FTRLCC kX
TEZH?
e PORARA AT DT, 1617 TO
-9 5DGEMM
— M$8ELE1:16
- XEUHAZ, Ry RT—INY RIBICIER
BhH\Hh B
— 1B1E(ZTof uORDMAT




PEZY-SCRITOEE =
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« 2014/10 (for Suiren)
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« 2015/06 (Host-Device memory version)
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Playing with the rules

The Green500 rules state that the power measurement interval must at least cover 20% of the middle
80% of the core phase: For instance the period 70%-90%.

Result: 222600 GFlop -----  Avg per node: 810.1 W (4906.5 MFlop/W) ——

GFLOPS/W: —_ Max: 2405.6 W e (70%-90%) 576.1 W (6899.7 MFlop/W) —-—--
Full measurement: 5296
70%-90%: 6010 2000
Short Run: 4907 =
Short Run, 70%-90%: 6900 2 s
z%-j 1000
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Lattice QCD on Pezy

e FRIFEA IN—
- BIE— (EEX)
- FIUFEESE (B EHEXKMI)
- ¥R XK (KEK)
- $9KARS (Pezy)
« 2015.04 REBI/EFHFEB G




Lattice QCD

« QCD: Quantum Chromodynamics

- A=@K BB EER 12500 222

- TTL—FUB IR EEERERY
. BFQCD: 4RFTHEFLEDQCD
- =05 BFRLEDG L, .

- JI—FAG Yo ED
- BBRESIZEDEFL
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TRt E NIRRT E— DA



. Monte Carlo EIZ& 5 EFEE DT
121 BRITHI DR AIER T Z

=

Lattice QCD

ND1=&
i 1

- Monte Carlo jZFT7U YU I IIVEEARIZHE
- DA —ODIGIREE(T ) — B E=ER A ER
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Implementation

. 1HFm% 1thread IZE|Y HTHDHIIZHE
B

. BRITH: BRI OB FR LD T —ENKE
- THEEMNMERE: BEMICOIE
- J—RR&EIE (MPI)
- CPU - device memory DT —43E5i%
- Device global memory — core [ M T—4#51%




Lattice QCD on accelerator

« Multi-device, multi-node: GPULRILF %

%18 FE

IO

- IR AEXDOFALIEZdeviceZ{FD

- Mixed precision preconditioner

EFEEY IL/N—DHTILIE|ZE

7 1.

75,

EY) )L /N—ZF|

- Domain-decomposition preconditioner
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Development status

(2015.07FEF THIRR)

. RRMGHEFEAR. 7ILOVX LZEBIET

« Mixed precision/domain-decomposition
solver
- FotE. B1EMERR

. PezyDi=-5bDFa1—=24
- BHOOI—FHRELGHREERZ-O TV HERFE
- EEEAE, Fa—=20 D/ INDEFFEHT
- EELFODBEFZPezyftIZT1—k\v




 GPU acceleration LQCD Kernel D[U]

* Mixed precision solver (strategy) [early proposal by Buttari,
Dongrra, Langou, Langou, Luszczek, Kurzak (2007)]

e To solve Dx =b.

(0) [given r and x satisfy r=5b-Dx. (double prec.)]

/ (1) [Solve Dv =r insingle precision] \
(2) ¢=Dv

[doble prec.] —
CCL;JIE)L'i\tcaOSCiI(e (3) X=x+V [dOblC prec.] q CPU task
4) r=r-q [doble prec.] P> | HOST code

[new r and x still satisfy r=56- Dx.]
(5) [Check |r| and goto (1)]
e The iterative refinement technique with full single precision solver

(107-7) can solve full double precision (107-14) solution within 3-5
refinement iterations.

* Most computing time is spent in the S.P. solver.
* GPU is employed for Full single precision solver.



Nrom of residual vector |b-Dx|/|b|

Mixed precision solver residual
history (example)

100

0.01

0.0001

1e-06

1e-08

1e-10 +

le-12

1e-14 |

1e-16

Solver residual history (SAP-precoditioner)

inner SP solver residual
outer DP solver residual

20 40 60 80 100 120
iteration count

140

32/3x64 lattice

Outer solver : BiCGStab (Double precision)
Inner solver : BiCGStab (Single precision)
Single Precision solver is called 3 times in
the outer solver to obtain Double precision
solution.

Most of the computational time is spent in

the single precision solver =>
Accelerator(Pezy).



Domain decomposition Preconditioner
=Schwartz Alternating Procedure

(SAP)
x=M.,b=D"b

Dyr=b m (g g)(;cHl;)
OF 00 0 0

» Dypxp + Dgox, = by Xp = (DEE )_l(bE - Dono)
Dypxo + Dopxy = b,

0) x,*” =0

(1) fork =0,1, NSAP -1 Alternatingly solve

N v (D Y'Up. D x. P the equation in

E EE E EO™O
s . (k1) each domain

3) x, = (DOO) (bO -D,.x, ) = Two-color Block

(4) endfor Jacobi Iteration



Domain decomposition Preconditioner

Schwartz Alternating Procedure
(SAP)

Dop Do )\ X0 bo

- ( I (DEE)1DE00)(XE)=((DEE)1I7EJ

(DOO)_IDOE 1 Xo (Doo)_lbo

Dxob (DEE DEO)(XE)=(19E)

-||_1 - (DEE)_IDEO (DOO)_lDOE E= I_(DEE)_le - (DEE)_IDEO (Dao)_lboj
Xo = _(DOO)_IDOE'XE + (Doo)_lbo

_ :Equation after
Dy .x, = bE the Domain—DecomF)'os.ed
Even/Odd preconditioing




Current sustained performance
(very preliminary)

lattice size: 16"3 x 32
H/W: Suiren at KEK, single node, single
device

— no data transfer between CPU and device
included

Wilson fermion matrix multiplication:

— double precision: 54.8 GFlops

— single precision: 107.6 GFlops
FfELdA—RFa—Z2VIRUD AT LER
DEEbIC & D 1E8Em EDRIEEER D
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* OpenCLTOZERAFHNAFLERRK ZZ1E
— 2E148EHPCHIR R TIREEH (2015-HPC-148(8))
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PEZY-SC T D14 sEsE(ih

« MYFP(Int/50) D 4gesE(M (MFLOPS)
— 8Z¥5E. STREAMBYZ:c[i] = ali] op bi]

PZCL 144 130 49.3 68.4 60.1 432

R280X | 729 1825 22 47 241 461

W9100 | 942 525 28.6 52.0 28.1 597

W8100 | 980 450 28.1 52.2 47.1 610

E5-2670| 274 189 16.7 35.4 19.2 254
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