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Parallelism Optimization to Boost Effective Performance of Power

Constrained Supercomputers

UEeEHARA ARUTA! INADOMI YUuicHI?® INOUE KoJji%3

Abstract: This paper proposes a technique to improve parallel execution performance under power con-
straints. Power wall is one of the most serious issues for future exa-scale supercomputers. One of the
solutions to tackle with this problem is to overprovision the hardware but manage the system power con-
sumption dynamically. By means of assuming this kind of overprovisioned system, a methodology to find the
best number of computing nodes to be used for application executions is proposed. The experimental results
show that the proposed approach can achieve 1.77x performance improvement compared to a conventional

execution scheme.

1. 0goo

gogboogoboobooobuoobooboobobooboo
gobooboobooboboobuoobboooboon
gobooboobboooboobuoobooboboon
gobooboobbooboobuoobboooboon
go2011goooboboobobooboboobon
13MwWD20130000000000000000 Tianhe-2
000 8MWOOOOOOD0O0D0000000 [1jooo

! 0000 O00000O0O0O0O0O0000oooooog

Dept. of Advanced Information Technology, Kyushu Univ.
2 0000 0000000000000000000000

Dept. of Advanced Information Technology, Kyushu Univ.
3 0000oooog/CREST

JST/CREST

© 2012 Information Processing Society of Japan

DARPAD Defense Advanced Research Projects Agency
000 2100000000000000 20MWOO0O0O
00000000 0oO0o0o0oU0ooO0oooooooooo
00000o0o0O00ooo0oU0oooooooooooo
00000o0o0O00ooo0oUoooooooooooo
000000000oo0oooOoOoo oooooooo
010000000000 100000000000000OO
000000000 Booooooooooooooo
0000o0o0o00ooo0oooooooooooooo
00000o0o0o00ooo0oU0ooOoooooooooo
0000o00o00o0oo0oooooOoooooooooo
00000o0o0o00ooo0oU0ooOoooooooooo
o0ooooooooooooo
00000000000O0o0oooooooooooo



gogoooooood
IPSJ SIG Technical Report

goooOoOopoOoOoOoOoOoOoOoOoOoOoUUoLoUooUoo
00000o0o0oo0ooooooooooDo 4joo
goooOoOopoOoOopoOoOoOoOoOopoOoOopDOoOopDOoOooo
0000000000000 (D0Doooooooooo
O00o0)00oo0oooooooooooOoooOoo
goooOoOopoOoOoOoOoOopoOoOopoOoOopDOoUooDOoUobo
goooOoOoOoOoOoOoOoOopoOoOopoOOopDOOoDOoODO
goooOoOopoOoOopoOoOoOooOoOooOooooooooo
000000o000oO0O0oU0ooD (bobooooooo)oo
goooOoOoOoOoOoOoOoOoOoOoOOoUOUODOUODoOoOoO
goooOoOoOoOoOoOoOoOoOoOoOOUOUODOUOOoOODoOo
gooooOoOoOoOoOoOoOoOoOoOOOUODOUODOOoOo
000000 p)o0000o00oo0ooooooon
goooOoOoOoOoOoOoOoOoOoOoOoOoUOOpDOUOOoOoObDO
gooooOoooopooooo
gooooOooOooOoooooooooooooooo
goooOoOopoOoOoOoOoOoOoOoOooUoUopOoUoDOoooo
goooOoOoOoOoOoOoOoOopoOoOoDUOUODOUODOODOo
goooOoOoOoOoOoOoOoOoOoOoOoODOUODOUDObOUDO
goooOoOopoOoOoOoOoOopoOoUoDOUoDOULDbOUoo
goooOoOopoQoOoOoOoOoOoOoOoOOoOobOOUOOOoODoO
gooooOoOoOoOoOoOoOopoOoOoDOOoOoOOoODOoOo
goooOoOoOoOoOoOoOoOopoOoOoDUOOoOoOUODObDOOoOo
gooooOoOoOoOoOoOoOoOoOoOoOoOOOoOUObDODOOoOo
goooOoOoOoQoOoOoOoOopoOoOopDOUODUOUOOobOOoDoO
OO000@oooooooUoooooUooopoouooo
Oo00o0oooOoUoooooU0OooDooUoOoooooooo
OMODOD00000000oO0ooODOo0o0ooOooooooo
Oo0o00ooO0oU0ooooUoOooooooooooooo
goOooOoOoOoUoOoOoUOOoOUOOOUOUODOOUODOOoO
goO00oC0oO0OO0oQ0O0O0oQ0O0OO0OOO0OOUOUDUOUOODOoOooo
gdoooQoO0ooQoOoOoOoOooOoOUoUOUOOoUOUOOboboo
gooooO0oO0oQoOoOoO0OoOoOOoOoUOUDUOUODOOLOo
gooo0oOoOoQoO0OoO0OoOoOoOooDUOUDUOUOODOoOoLo
O00000ooOoDO0o000oooUoooooooDoooOoo
goooOoOoOoOoOoOob0 1g0ooooUUoUoUoooooo
o000 3000000obooooooooooooOooon
gooooOoOoOoOoOoOoOoOoOoUOODUOUObDUOUODOODO
gdooooOoOoUoOoOoUoOoOoOUOOUOUODUOUDbOODoO
gdooooOoOoQoOoOoOoOoOoOoOOUOUODUOUOODbOOoOo
gooooOoOoOoOoOoOoOOOOOOUODUOUODOOoO
OlrwO0OOO0ODOCOO0ODOOOoOoDboOooo
o0oo00o0oOoOooOoDbDOobOooOoDOobob 200 HPC
O High Performance Computingd 000 000O0OO00DOO
gdoooOoOoQoOoOoOoQOOoOoOoOOUOUOOoOUOOooDOooo
gdoooOoOoOoO0O0OoQOOOoOoOOOUOOOUOOoOoOoO
gooooOoOoOoOoOoOoOoOOOOOObOOOOOoOoO
oo00Oo0oOo0opoOoOoOoooOooboooooo 3o

© 2012 Information Processing Society of Japan

goboooooooooooooooooooooooon
gooooooboooobobo 4000000000000
gobooooobooooboooooooooooboooon
oobooooooosbo0ooooooon

2. DO00ODOoOOoOoHPCOODODOO
gboobooboo

2.1 ODO00OO0oOoobOooboo
goboobooboboooboobboobobouoboo
goobooobboobb.bi1obooboboooo
gdbodbobobobuooboobooooboobooo
goboobobobobuoobooboooobooboon
gdboobobooboobbooboboobuoobobooo
gobodobobobobuoobooboboooboobooo
gobooboboboboobooboboooboobooon
gobodobobobobuoobooboboooboobooo
goboobobobobuooboobobooobuoobooo
goboobobooboobbooboboobuoobooo
o000U0oooO0o00(oooooooooo)oo
gobbooooobboobboooooouobbooogoo
CpUODODOODOODODOOOOOOOO RAPLO Running
Average Power Limit0 (6] 0 0000000000000
gobooboboboboobooboboooboobooo
0000000000 0RAPLOOOOODOOOOOO
ODRAMOOOOOOOOOODOOOOOOOOODOO
CPUO DRAMOOUODOODOOOOOOOODOOOO
O0o0oU0oOoooooooooooo [bo
0000000O0000O0o0booOOoobooocpuOOO
0 (DRAM)DD000DOO00DO00D [7]. 000000
gobodobobobobooboobobooobooboogoo
gobodobobooboobooooooboobooon
goboodoobooboobboooboobooboooo
0000ODo00DO0O00O00bOooOOoOooobOoOobO cpeugdng
O000000000O0oOoU0o0oooO [v)00oDRAM
OcCPUOOOOOODOO 25050% 0000000000
ooooooo CPUOOOOOODRAMODODOOOOO
O (DVFSO Dynamic Voltage and Frequency Scaling O 0 )
goboodboboboboobooboboobobobooboon
ooOobObO cpUDODODOO
ogoboobooboboooboobobobobooboo
goooobobobobbbooooooooobbboooo
goboooobooboobooooooboobooon
goobobooobobooobooobobooobobooo 2
gdboodobobooboobooobooobooboon
gdboooobo0oboobooooooboobooon
goooooboobooboobouooboboooboon
goboooobgoobboobooobooobooa



gogoooooood
IPSJ SIG Technical Report

2.2 ODOOOOOOODOOO
gobooobooboboboboobuooboboooboo
gobooboobbooboobuoobbooboon
gooo
e JOOUIODUOUODLDOODDOUODbOUODDbDODODO
gobooboobbooobooboobboobo
gobooboobooboboobuoobboobo
gobogooo
e JOOUOODUOUODODODDOUODbOUODDbDODODO
oobooboobuooboboobuoobbooobo
oobooboogoo
200000000000 bOo0obOo0bOoobooon
goboooboobboooboobuoobobooboon
goboobobodoboboooboobuoobobooboon
gobooobobooboobooboooobga
gobooobooboboboboobuooboboooboo
Bt 0000000000000 OODOO NDDOODO
CPULOOOOUOUDUODOUOOOOO Bepy(N)ODO (1)
O0DooDooOoooooo cepPUDODODOOOOOODO
(2)0000
Btotal = TDProde * &% (Nypaz — N)
N

Bepy(N) =
— L other (1)

CAPcpy(N) = min(Bcpu(N), TDPcpu) (2)

0000000000000

e Byu0OOODOODO0O0D0O00O0 [W]

e Bepy(N)DODOOOODDOOONOOODO1DODO
0 CPUDDOODOOOOO [W]

e CAPcpy(N)JDOODOODOONDOOD CPUD
0oooooa (W

e Npoe0O0ODOOODOODO0ODOO

e Py, 0CPUDDODDOODOODOOD [W]

e TDP,, 0000000 TDP[W]

e TDP.py0CPUO TDP[W]

e o0TDP,,000000000000000000
0oo

000D0000000000000CPUODODOOOOO

0000 Py, 00000000000000000

23 0O00OO0OO0O0OO0OO0OC cpUOOOOOO0OOOO

oo0000ooooooooooooooo ceUOOO
cooboooooooooboooooooooboooo
cbOoobooobooobooobooooooOoOoobDOooon
0000 PRIMEAGY CX40000000CX4000000
010000

o0000O0o00O00DO0OO00O0O000 Btotal O 8,400W
coOoboooOooboooobOooobOooobOoooOoooao

© 2012 Information Processing Society of Japan

—0=0 --0=0.1 —0a=0.2 —a=0.3 —a=0.4 —a=0.5
300

100

N
=}
<}

CAPcpy(N)W]

-
w
=}

50

i 3 5 7 9 11 13 45 17 49 21 23 25 2] 29 31
/—F%

01 oa0000 CAPcpy(N)

O00NO 1003200000000 CAPopy(N)OO
10000000000000000000 CPUOODO
00000 CPUc4p(N)O0ODDOOO0OO0D0O00O0O0O
000000000000000000000000 o0
000500000000000000000000000
00000000000000 CAPepy(N)OOODOO
000000000000000000000000000
0000000000 TDPOOOOOOOOTDPOOOD
00000000000000000000000000
00000000000 000002000000000
TDPOODOO000O0D0D000O0DO0000D00000
00000000000000000000000000
000000000000 200 10000 CAPqpy(N)
00000000000000100000000000
00 CAPcpy(N)0DDOOO0O0DD00000D00000
00000000000000000000000000
0000000000000000000000a000
000000000000 20000210000000
000 CAP.py(N)0DDOOO00O00D0000000D0
00000000000000000000000000
0000000000000000
e 0000000000000 OO0OODOO0O0DO0ODN
0000000000000000000000000
00000000 TPPOOOOODOOO00 CPUD
000000000000000
e 00000D0D0O0DDOO CPUOODOOODDO
000000000000000000000CPUD
000000000000000000000000
00000000000
e 0000000000000 O0D0OO0OO0OOODO
00000000000 «0000000CPUDD
000000000000000000000000
000000000000000000000000
00000000000000



gogoooooood
IPSJ SIG Technical Report

01 CX400000

000000000 NmezO

32

CPU

Intel Xeon E5-2680

10000000 CcPUDO

2

10000000000

1608 00x 20

cPULDOOOOOOO 2.70[GHz] cX400 00000000

100 CPUDOODOOO | 51[W]

100 CPUO TDPcpy 130[W]

ooooooo0oooo 8GB x 16 000 128GBO

TDProge 420[W]

Biotal 8,400[W] TDPoge 2000000

Pother 160[W] TDP,oqe — TDPcpy 00000

—0=0 --0=0.1 —0=0.2 —a=03 —a=0.4 —a=0.5
i1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31

LT e—
A

ACAPzpy(N)[W]

-25

J—F#

02 o«0000 CAPcpy(N)ODDODO

2.4 00000
2.4.1 0OO0OO0OO0OOODOO

ooo0o0o0o00oo HPCOODOOOODOOOOOOOOO
tobooooooboobdobooooooobooocoogon
cooboboooooocoooooooooOooboOooo
coobobooooooooboooooooooobooooo
coooboboooooocoobooooooooobooooo
coboooooooooboooboboobl1boOooooo
000 TDPR,OO0OD0OOO0O0OO0O0O00O0C00O0O000O0
cooboooooooobooooboooo
cpuOOO0OO0OOOOOOO (HO()DUODOOO
tobbd0deO0oboOooobooooboooobooon
uooooooooobooOoooooooooooooboon
cooboooooooooboooooooooboOooo
coboobobooooooooboooooooooboooo
coooooooooocpUOOOOOODOOOOO
OO0 RAPLOOOOO

242 O0000OOCOOOOOOOOOOODOOO
ooo0o0ooo0oooOocoOoHPCOOOO0O0ODOODOO
coobOooobOocoOoboooOooOoOoOoOooOboOooono
e BTONPBI NAS Parallel BenchmarkO[8] 0000 00O

cooobooobooooOooOooOooboOoooooo
ooooo
e OpenFMOOOOOOOODOOOODOOOOODOOOO

© 2012 Information Processing Society of Japan

000 FMOUO Fragment Molecular Orbital methodO
O00bO0oDOO00OO0DOODOOo0OCOoO0obDOobOOgFMO
O00o0ooOoOooOoODNAOODDOOOOODODOOOOO
gdodoooo0OoO0O0O0oO0Q0OO0OO0oO0UOULoUOUoo
gooooooooooo
e MHDIOODOODODOOUODODDOOUODOOODOODO
gdodoooOooO0O0O0oO0QO0OOO0OOUOUboOUoo
gdo0oooooQ0oOO0OO0Q0OO0OOO0OO0OOUOOOoo
Ooooooo 9o
BTO MHDOOOOOOOOO MPIOOOOOOO
00000oooopoooooooOooooooooooD 1
o0ooOOobOOoO0OOob0OOo leCO0CUOCO0lIODODOObOO
eMPIOOO0OOOOODOOODOODOOOODOOOOMHD
gooooobobooooooo MPlOOOoooooo
poddddoooooooobobobobobobobboboooboo
0000000000000 0000000OpenFMO O
MPIO OpenMPOODOODOODODOOOOOODOODO
gooooooboliooooooi1oo MPIOOooono
gooooo MPIOODOOODOOOOO 1le00ooon
pgdddooooooood
googooooboobobbbbobtoodooouoooa
goooooo3oobooooooooobooooon
pddddoooooooobobobbobobbobboooboo
100000000000 000bObo0o0obDbOoooon
JooooooooBTO MEDOOOODODDOOODOO
gobboodoobobbooobbboooobobboooo
goobobobooobuobuobouoobobuoboooa
O0OpenFMOODOOOOODODOOODOODOOOOGGO
goddddoooooooooobobobobbobbooooda
goddddoouooooooooooooboon
000040000000 00000 10000000
goddddoooooooooobobobobboobooood
00 51W]000000000000000000000
godddooooooooooboboboboboboboooooo
goddddoooooooooobobobobobobobooooa
goddddooooooooooooboboboboobooobooo



gogoooooood
IPSJ SIG Technical Report

——BT -=OpenFMO ——~MHD -—ideal
35

ERAbEEE

[ e e e e e e N T T T T T T L B B B B B e |
: 3 & 7 9 11T 13 15 17 19 21. 23: 25 27 29 31
RIT/—FEK

03 OO0oobooooooooo

—BT -=-OpenFMO ~~MHD
16

15

14

ERLiEEE

12

04 0O00O0O0OO0OO0OO0OOOO11000000000

00000000000000000000000000
00000000000000000000000000
00000 CPUDODOOOOOOOOOOOOOOOO
CPUOODODODODOOOOOOOOOODONONONONODOOOO
2.4.3 0O
0000000000000000000000000
00050700000 50 BTOO 60 OpenFMOOO 7
0OMHDOOOODOOOOOOOOOOOOOOO0O0OO
00000000000000000000000000
000000000000000a=00040 «a0000
00000OOno CAPOOOODDDOOOOOODOOO
ooo0O0O00O0o00o0
0000000000000000000000000
000000 (Brotar, @)=(3,360, 0.2),(5,040, 0.3) 0000
00000000000000000000000000
000000O00000000000000000000
000000000000 0000000000000
000000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000 BTIOMHDOOOOOOOOOOOO 1.101.8
00000000000000000000 OpenFMO O
00000000 1.200000000000000

© 2012 Information Processing Society of Japan

000000000000 00000000000
00000 B 00000000000000000
0000000D0000000 no CAPODODOOOOO
0000000000000000000000000
NOODOOOOOO0O0O0NDODOOOOO Perf(N)OODO
00N, >N'0000 N,00000000000000a
0000 Perf(N,) O Perf(N') 000000000000
0ooooooo

0000000000 2000000ACPUcsp(N,)
000000000000400000000000000
00000000000000000000000000
ACPUcap(N,)0000000000000000000
00000000000000000000 00000
00000000000000000000000000
00000000000Perf(N,)>Perf(N) 0000000
0000000000000000000000000 a
00000000000000000000000000
00000000000000000Perf(N')>Perf(N,)
oooo

3. 0o0OoOnd

0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
ooooo
0000000000000000000000000
00000000000000000000000000
0000000000 NOO0O000O000000000
NOOO0O000000000000000000000
00000000000000000000000000
0000000000000000000
(1)000000000100000000000000
00000000000000000000 CPUD
0000 Pepy,,, 00000

(2)0(1)0(2)0000000000000 Pepy,,, 00
00000000000000 Npeeop 0000000
000 CPUOOOOODOOOOOOODNDOO0O0O0
00000 Nyme 00000

(3)000000000 Naceapd Naocap + 10 Niimiz O O
000000000000000030000000
000000000000000000000000
00

000000000NOODOOOO Perf(N)OODOOO
01<N<Nuweop 010000000000000000
00000000000000000000000000
O00000000N =N 000000000000



gooooooooo
IPSJ SIG Technical Report

Biotal = 3,360[W]

wtee1Q CAP  w=elem(=0) wieq=0.1 ==t =0.2

»
)

4

=

~

ER bR

e
o

-~

°

FiT/—F&

Biotal = 3,360[W]

(0 CAP == Q=01 ===q=02

=
IS

\/{

EMAiRE

o o
PO
oA

o
~

o

1 2 3 45 6 7 8 910 1 1213 14
FiT/—F&

Btotal = 3,360[W]

O CAP  wlliem=) wionQ=0.1 b 0=0.2

06 000000000 OpenFMO OO0

Biotal = 5,040[W]

=4==N0 CAP =Bmq=0 =t=0Q=01 ==mq=02 ==0=0.3

Biotal = 6,720[W]

w0 CAP weilon =0 s 0=0.1 wmibem(=0.2 it =0.3 et 0=0.4

25

25

12345678 91011121314151617181920212223
FiT/—F&

05 000000000 BTOOO

Biotal = 5,040[W]

w—t==nQ CAP == q=() ==q=0.1 ===q=02 ==q=03

135 7 91113151719 21232527 29 31
FiT/—FE&

Biotal = 6,720[W]

wte=O CAP =llemq=() === =01 w=bem(=02 ==em=03 ==t q=0.4

14

14

[

12 g
0.8

/\

12
1] @
(X :

0.6 /.
0.4 /
0.2

gl

12345678 91011121314151617181920212223
FiT/—F&

Biotal = 5,040[W]

wtemO CAP el =0 ot @=0.1 i =0.2 wmtem=0.3

FiT/-F&

Biotal = 6,720[W]

w10 CAP wllis =0 s =01 i 0=0.2 st 0=0.3 st 0=0.4

2 18
18 ~ 1.6 A 1.6
1.6 / 14 /(' 14 4
,4'——' % ~ .
14 / i / - o
1 1
A g R R
=2 = =
- ® 08 ® 08 /
i - sl Mo //" Hoe —
0.4 /-/ 0.4 /.,— 0.4 /
0.2 0.2 0.2
= 4 /
0 — —_— 0 f—— e o/f
12 3 45 6 7 8 9 101112131415 12345678 91011121314151617181920 13 5 7 9 11 13 15 17 19 21 23 25 27 29
FiT/—F# FiT/-F FiT/-F

07 O0O0OO0OO0OO0OO0OO0OO0O MHDOOOOOOOODOODOO

00 Npocap < N < Numsxy 0000O0000000OO
cooooooooooobooooooooboooo
000 Npocap <N < Numsx 0000000000000
O N = Npoeap+1 000 N=Num 00000000
ooo

00000000000000000 N = Npyocapd
N = Npocap +10N = Ny, 0000000000000
cooooooooooobooooooooboooo
cooooooood

4. 00O

gobooooooocooboooooobocoobooooo

© 2012 Information Processing Society of Japan

00000000 204000000000000000
00000000000000000000000000
20 BTOO 30 OpenFMOOD 40 MHDOOOOODO
ooooo

Biotar=3,360W] 000000000000 0000
00000000000000000000000000
000000000 0Bw=>5,040[W]06,720(W] 00 00O
00000000000000000000000000
0000000000000000CPUDOOOOOO
00000000000000000000000000
00000000000000000000000000
000000000000000



gogoooooood
IPSJ SIG Technical Report

02 0000000000000000000000000BTO

Biotal[W] 3,360 5,040 6,720
« 00102 0]01|02]03 0]01|02]03]04
gooooooobooo 13 9 4 | 20 18 14 11 || 27 26 24 22 31

oooooooooo 13 9 4 | 20

18

14 11 || 26 26 24 24 29

03 0000000000000000000000000O0penFMOO

Biotal[W] 3,360 5,040 6,720
o 0[o1]o02] o|o1|o2]03| ofo01]|02]03]o04
0000000000 | 13| 9| 4|20 | 17| 14| 8|2 | 25| 24| 22| 16

oooooooobooo 13 9 4| 19

17

14 8 || 26 25 23 20 16

04 00000000000000000O0O0O0O0O0OOOMHD 000000000

Biotal[W] 3,360 5,040 6,720
ot 00102 0]01|02]0.3 0)01|02]03)| 04
oooooooogoo 15 9 4 1 20 20 18 10 || 27 27 | 25 30 | 30

O1ooMHEDOOOOOOOOOOOO

5. Uogg

IEEE, 2012, pp. 36-44.

IEEE, 1991,

gooooooooo 15 9 4 20 18 16 9 27 27 27 27 27
gopogoblooobogbooooobooooboobooo challenges in achieving exascale systems,” 2008.
O000D0O000ODOO00oOoooOooooooooon [3] N. e. a.Ishikawa Y. Maruyama, “Hpci 00000000
0o (2012).
goooooooooooooooooos
0000000000 [W]O edOo00ooooooo B B0B0,0000,00000,0000,0000,00
O0,and 000, “Cpu00000000ODOOOOOO
gobodoobboooobbuooobuobboooo 00000 hpeDODODOODODOODODOODO,” 0000
(Biotat, @)=(3,360, 0.2),(5,040, 0.3) 0 0 0 B0 a 0 0 000000, vol. 2013, no. 21, pp. 1-8, 2013.
00000000000000000000000000 [6] Intel, {ntel:lntel 64 and :a—32 architectures softeware de-
veloper’s manual (2012).
000o00o0oO0O00000000 7700000000 [7] K. Yoshii, K. Iskra, R. Gupta, P. Beckman, V. Vish-
Oo000000O0O00O0O0O0OO0OOOOOoOoOoooon wanath, C. Yu, and S. Coghlan, “Evaluating power-
monitoring capabilities on ibm blue gene/p and blue
00000000 6%x000000000000000 gene/q,” in Cluster Computing (CLUSTER), 2012 IEEE
International Conference on.
[8] D. H. Bailey, E. Barszcz, J. T. Barton, D. S. Browning,
R. L. Carter, L. Dagum, R. A. Fatoohi, P. O. Frederick-
uobboooooobboboooobboooabnn son, T. A. Lasinski, R. S. Schreiber et al., “The nas par-
000000 ooooooooooooooooog allel benchmarks summary and preliminary results,” in
Supercomputing, 1991. Supercomputing’91. Proceedings
mooooouooooodoooouooooodoon of the 1991 ACM/IEEE Conference on.
dobooobooobobooboobouoobobooboon pp. 158-165.
9]

cooooooooooobooooooooboboooo
0o0ooooooooow%hoooooooooooo
cooooooooocoooboooooobobooobooooo
cooooooooooobooooooooboooo
000000000 0ooUooooUooooooo 6%0

cooboocooooooooooon

U0 0Ooooobooooboooooboooobbooono
00000000JST CRESTOOOOODOOOOOO
coboobOoooooobOOoooooobooOoooogon
ooooooooooooboooo

gooo

[1] H.M.E.S.J.D.andH. S., “Top500 supercomputer sites.
http://www.top500.org/.”

[2] P. Kogge, K. Bergman, S. Borkar, D. Campbell, W. Car-
son, W. Dally, M. Denneau, P. Franzon, W. Harrod,
K. Hill et al., “Exascale computing study: Technology

© 2012 Information Processing Society of Japan

K. Fukazawa, T. Ogino, and R. J. Walker, “Configuration
and dynamics of the jovian magnetosphere,” Journal of
Geophysical Research: Space Physics (1978-2012), vol.
111, no. A10, 2006.



gooooooooo
IPSJ SIG Technical Report

BHNRCTYNW] / a

08 OO00O0OOO0OOOO0OOBTO

nREFE nSBET

IER{btERE

BENNCIYNW] S a

09 0000000000000 OpenFMOO

IERbtEaE

BHNRCTYNW] / a

010 ODOOO0OOOO0OOOO0OGOMHDOOOOOOOOO

© 2012 Information Processing Society of Japan



