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ppOpen-HPC: Open Source Infrastructure for
Development and Execution of Large-Scale
Scientific Applications with Automatic Tuning
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We propose an open source infrastructure for development and execution of optimized
and reliable simulation codes on post-peta (pp) scale parallel computers with
heterogeneous computing nodes which consist of multicore CPU’s and accelerators.,
named “ppOpen-HPC”. ppOpen-HPC consists of various types of libraries, which covers
various types of procedures for scientific computations. Source code developed on a PC
with a single processor is linked with these libraries, and generated parallel code is
optimized for post-peta scale system. Capability of automatic tuning is important and
critical technology for further development on new architectures and maintenance of the
framework.
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Method, FEM), 75471% (Finite Difference Method, FDM), A R{AFE% (Finite Volume
Method, FVM), 55/t #3{k (Boundary Element Method, BEM), f{E%]#F{L (Discrete
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ppOpen-HPC

Optimized Application with
Optimized ppOpen-APPL, ppOpen-MATH
1 ppOpen-HPC DH#ERK

DO IS, 2—F—7 177 L) 5 ppOpen-APPL, ppOpen-MATH, ppOpen-SYS
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TEEEREBRCTED, ZTOXIRITATITIREIT TV r—varvar (4 Il
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Applications
N
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Matrix Linear

[Assemblel Solver Vis.

HPC-MW for T2K

GeoFEM, HPC-MW etc.

Matrix Linear :
o Assemble  Solver s

HPC-MW for Earth Simulator
Fortran, C, MPI, OpenMP ...

Matrix Linear :
e Assemble  Solver R

Vector, Scalar, MPP ...

HPC-MW for
Next Generation Supercomputer
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GeoFEM, HPC-MW DOBRZEN LK 10 ENB L7=23, A =2 REBEEREEIT LY
ZREE L, ZIEHI LW, HPC 2 AU =7 OXLEHTYEI VR LAELS ko
TW5, 7V r—2a VERBEBEDNIENOEZDE, T/®TL—4F, a7ty
P OFEANR EITE WV EMED—RETZEDNA T FHABY AT BT, &S
FHEMREZERTCEDL I IR0 7020 T LITERICHRETHY, EiEEE
TRECBEHT AT IV r—var7ul I L5508 T 57008RENRKRD L Tn
2o

ppOpen-HPC TiE, KEMET 7V r—v a VERICEELRRBRE ML E2H T 5%
B 11545 C, REW e 5 DOBEBILFIEEZ Y AR — 95 HPC I KA U =7 258
B L, TNEXXDHMEEATIAT IV, VATV 7 y=T, "—FRU=TIK
GFa—= 722008 Fa—=o0 7 ar "M 2% 5, BEERET AT
FUVIEEBDN— R T =TI T BT a—= T RMNETH IR, dFEE AT 20
EbbLTL0Fa—= 7 EEIR#ECTHY, BEIF2—=C 7HBIEXEETH D,

3. AEAA

31 BRETHB7—FTIOF¥

AKFRIZBNTH =7y hETDRA NI RS — LU AT AL, ~TrY=7 A
REHE ) —FEATDHT—FT7F v L, UTFTOLITHET D :

o KEE/—FNIE, UTO2o008 bR ENsb DL T5 !
> 8~16 aTRELZATH~NLFaTIKINEES CPU (KA  CPU)

Vol.2011-HPC-130 No.44
2011/7/28

> Ht~HEOaTERETLIEEOT /T Lv—%, av ey
. TrvZVv—%, arat v ¥iL PClExpress (Rt SNVLL T D 2 DD —
A EET D
> GPGPU : " A b+ CPU #*5 CUDA %7213 OpenCL {2 & » THIFHT 3
> Intel Many Integrated Core (MIC) 7 —F%7 7 F ¥ [(7) TSI A =—
=17 (Knights Ferry, Knights Corner 45) : 8 0S, =11 /31 T ME1H)
T5
e J—FM*y FU—7% Infiniband D K 5 REiE Ry FU—27 2ET S
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Hitachi SR11000/J2
18.8TFLOPS, 16.4T8B

ARBEAEVEFR-TEHIASIE
|

MPPAFEAT, U A—IZkBHR—
| | | |

Hitachi HA8000 (T2K)
140TFLOPS,31.3TB

MPIIZ k51 F{E, AEDIEELAEEIFRLY
| |

PFLOP System w/o Accelerators
O(10°)PFLOPS, >150TB

Post T2K/Heterogeneous

O(10%)PFLOPS
EHEDOI—4vh
Peta = ‘ ‘ ‘ Exa ‘
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AL (FVM), BERZERE (BEM) (FricmidiZ EREME (Fast Multipole Method,
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DB EEZRILT 2T 4 7 F VB THY, FORTRAN, C, C++, OpenCL ZiZ X
Ha—H—7u T ANLIEONHEL N R = TIRFELRZWEEA VX 7 =2 — A
Pz 5,

ey

Finite Volume Method

FRERE

Finite Element Method
FEM

E0E

Finite Difference Method

BRERE

Boundary Element Method
BEM DEM

BERERE

Discrete Element Method

[X] 4 ppOpen-APPL D xt4 & 3 2 BER L T-14
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o BRI, REEOWM O 0SS AABRTREL T 5,

o BRI, BB~ NY 7 AAEREICOWTIIEEBINIC T 0 S T A EAKT DT
bOT 7 L — MEREE i 2, GPGPU I Ik S N7 v /7 L& ERk
THEOOT T L— MEREEFE A2 bDET D,

3.2.2 ppOpen-MATH

ppOpen-MATH 1%, KEME S I = L—3 3 U ICHEOBUE AL FRERE 2 F2 819 5 3@
BT 477 VHTHY, MG (ZHKT-15), GRAPH (77 74LB), VIS (FA[1k),
MP (17U 7)) oK S, ppOpen-APPL, —H'—7F 1 7' F AR ®
b BMHALTEORMEEZENL, e BB T D, £ R —Fx b
OMEIZLL T oMY TH D -

*  ppOpen-MATH/MG : (i) « RECFE S EM TIEZRILBEFIEE L, Bk
7o B % 2 TE DO NIRRT 5 K 5 7R & $2 13- 5 Krylov #4322 W 84 S 1R
LT A4 770 (12)
* ppOpen-MATH/GRAPH : fHIg/3&] - HHl, VA —F Vv I7REDT T 7
HEERETHIATTY,
*  ppOpen-MATH/VIS : RFTM b ELe R 7 VB M T2HEH LY 7v
XA LA TAT7Z Y [13)
e ppOpen-MATH/MP : DT 7V r— a U EFEEG L, KIFET — X Rk,
W E T T DHERDTZODT v TSV Ty —, UTOL ) Rtktes A
T5
>  ppOpen-APPL O KR — ¥ Dk~ RBf{LFEL TR —ML, =
Wot, ZWRTh v 7V U TRRE R R B, B o B TR X
LZETNAMON TV T AREE T 5, RS TIEICE U TEEK
DTV RAENRA T TA T DERE R IRILT D,
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P A X)) G U TSI FE T S,
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s TIURIL—FEMATLHLEICEE{L I/ CUDA, OpenCL (2 X Y 5tk
SNLa—REEEBAEKRT LI EEFRERET D,

ppOpen-APPL @ 5 DD EEBULFIEIZ VT AL S AE Y bound R FIETHH 2D (FES

BHEE L LTIE FMM-BEM Z48E), AE VT 7 &A% — o Ol EIR &2 8 <
ZEIXEETH D, ppOpen-AT/STATIC (I L7za XA T THY, TulJ L,
ppOpen-APPL, ppOpen-MATH O 2% 6E D i i (b % §#HIIZAT 5 . ppOepn-AT/DYNAMIC
T 2 A LARICRBEILEITD TA T 7V THDH, RFETIIEFED AT 5
ABCLibScript (15) %762, ppOpen-APPL, ppOepn-MATH 0 3= B 43 (2 ik L 7= 5%
WAL KERE &2 5772 \C B33 %, ppOpen-APPL, ppOpen-MATH JHUAS I 51 ZF B o 2 5 4
ECoT 7Y r—va VIBRERDICT O, LT LLREOEESSELND DT T
1Z72\>, ppOpen-AT IE, ppOpen-APPL, ppOpen-MATH, K (Nx—H—T7 v/ F hD—
BSOMEEICIRE L C, B GHEET—x7 7 F v, HEEE, MEYAX) st
Ttz 7 v 77 A& BEA T 2 HERE A2 4205 5, ppOpen-AT #fEHA 3 1ix, &t
BRSBREE AN LT b A 72 ppOpen-APPL, ppOpen-MATH % H #8152 & A3 H]
BBTHY, 77V r— 3 VBREILFORTRAN, C, CHHE TR LR L7 v 7 Z
LAEFH LT DI ENTE D,
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3.2.4 ppOpen-SYS

ppOpen-SYS I AT ALY 7 b =27 HEDVDOLA ¥ —ThHY, /—FHEETA T
Z U (ppOpen-SYS/COMM), it fERLik 7 4 7' F U (ppOpen-SYS/FT) 7 5k
I, REBEHFHEICEBWT, §H — NHOBEIISLATH 0, AR5 cH
EFELTWDLT 7Y r— g SEBEER E O@ENETH LD, BEITATTVIC
VEZEROIRESND, KO —5 > hEeTHRAMRZ A —VERETLY
RO R VIBEEZEBT 5720, / — FE#IEZ 14 77 Y ppOpen-SYS/COMM % BH %
T5, £, 77V r—va VEREIL, BELHICMEET VT AL EZFTIRTE D8R
BERMHT DT 477U & LT ppOpen-SYS/FT ZBi% T 5, WA NZ A —)b, =
TH A=V AT NIFE TP T IREO a7 2463579, Mt (Fault
Tolerance) (X3 AT LDz D& MHADWEETH 5, ppOpen-SYS/FT 17 7V 7r—
Va Y ORVEICIE U RIS ATRETH 0, RIS PR RE 2 P2t 5,
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LAY T NUxT, 7TV r—2aryOEMFORERBIOL LICETT 5, 5
ITHIER S S 2 L— &, T2K — 7 v AR a VEO KB GBS 2T A OF) 5
HE ThD, ppOpen-APPL [TERICHEB L TWET 7V r— 3 VIS E, 204y
PTOFMEN, xR, BBRICED ) ONTERY ANTHET D, REDITE
1IRT X9 I EAL, ppOpen-APPL BIREE HE, 2EOKMHFEMK Y ¥ — )&
O T Oa—F =BT, ZRAF—/Ly AT 5L ETOTHBRGE, Z—%
v T ERARNRERT =V 2T 5 (ERK 26 FERKITC ITEATE, B+ PF
) CTOMEE, KBRAEEET SH, £, Tk 25 FERTCEICRBRERE (A =—a 7T HH
INR g FAE) BEANL, =7 v BT DHRRANE AT — )L AT LBEBAG &
[AIRFIZ ppOpen-HPC BFIATE 2 X2 ICH#Efia 2729, #EE LI L GEES

FhEL, K% - KERTORZHINHE 27 I I 078 e LTCoFIAIZL Y B
D RANTET D, RPFIETIE, AL 24 FRKCARE, BREHIRIRIC 4 B, M A2 AT
LZTPETH D, TOEHPICAEETIANA N—V 2RET D, 6300, 54 EONEH
X = NeTARRARNRE A — VU AT AERBET AN, FAUND~LF
a7y AK, GPUZ 7 AZMITORER, KiEfbbF T L Tk 5,

#F 1 ppOpen-HPC DABIA T ¥ = — b

ANBANE s - B H—ly b= BHFERIR
. . Open-APPL Open-ATH k& 7o~ /L F a7 7 | WART2K HKT2K
- 6 . SRy pptp » PPOp i
i | PPOPeRATPLY D BT CRIEH T ORI S 2, Grus o xn ol 5 k£ iET 5. | SO AT A | SCKBAY AT
H24% OlmMMﬁNﬁr %memnwwfmh&4§° R (FH, KFPED #E~0BA, #HESlEs | Rarvta—% GPUZ 7 A% (HK)
PPUP PPUP i T % GPUZ 5 2 4 Mavta—#
! ppOpen-HPC D2 FEHE (ppOpen-AT, DYNAMICE [ | BRI 27 A KRR Y AT L
iﬁk ppOpen-HPC (ppOpen-AT /DYNAMIC% [ <) D) ZZORMETIZ—EBYERT D, 77V 7 | KarybBa—F GPUZ 5 2% (HK)
—ar~HHT LI LIV ERLIUBEXD, | GPUY T AKX Haryta—4#
o . . N . H—y NETBHRARNRY R — )L AT AR BRI > 2T A
iﬁ; :j;A&X& A AT 1T ppOpen-HPCT 1 | I3 DppOpen-HPC % ~ & L B MBIB b4 & MR | HA FT2KY AT A | ANHA=—aT 7 524
LT 5, Harvvta—H
R AT A
Al %3\ T/ABA L 7=ppOpen-HPC% ET7 7' U r—3 = %i;{gf;;ﬁ
% ARANRE Ry — R A7 AT ppOpen-HPCSERRIR | v ~#AT 5 Z LIk v, BICKE, Kk Lok | AR FT2KT X7 A g _
H27%k RS TN /N = :Za7x&
b ° Har e a—

o OEKT2K: FRk 20 4F 6 H L 0 @), ©— 2 452 140TFLOPS, @QGPU 7 7 A ¥ (HK) : Fpk 23 4 4 AIZH K ITC IZEA S D GPU 7 7 A4, NVIDIA TeslaM2050 32
BHHE, QR KK AT b El 2454 AICHRITCICEASN D A—/R—a v B a—#, B— 7 MHEE IPFLOS B2, @O/ A=—a7 7 5 2 &  Ypk 25 EERTEICHR K
ITCICHAZINDA=—aT IV T AX  ORA L TK VAT L AKFEDZ —7 > N EFTERARNALE R — )b~ Yk 26 IR ITC ITE A, v — 7 48 %+ PFLOPS

(©2011 Information Processing Society of Japan



T T S
IPSJ SIG Technical Report

4. MIELOEBR

ARWF7EIE, 1. OFETHITZ 5§ DOHEBIZEB LTEMT 52, AETIEHERCE

HT U TOHREIZHOWTHRHATS ¢

o MU RAMGIEEGDT-T — X i
o EfFE - WERIEHI
o RAFERHE

41 R MY REMBFEZEOL-T—2HE

T — S G IR FHE AR k%<%@¢5:&m;<ﬂ6h<w5d%ai&m%ﬂ
HALTETRTHIELZ & O D 72O —KICHH STV % coalesced memory access 13,
T2K (BRR) DX 572 ceNUMA 7 —F 7 7 F ILHEDS v/ F a7 CPU THEEWH)
REGDH T LN TET, sequential memory access 28 —fRICHH N T3 (K5, 6),

FTo, BATHIFETIE, R~ NY 7 ZEMIERERICRE AL, R EM
BT OME, 4 X, FEBERICELGINSZ L YE)T"< monTnb (16), F
72, ICCG LI BT 57 — XK T 2 [BIBE T 2 72 128 A IS4 TV 5 reordering D f
W2 A DRBATHIAR 7 FARIOMRE, ICCG EDIRTENENRE S BigoTND
EonplbH 5 (12),

FESDEEED D ZDIZT —F O reordering X RA[ R ToH 5 A, ppOpen-AT 12 & D
HEIF2—=r 7880 C2ROHRETa v X2 RMWICERT 52 HI12iX
ppOpen-HPC WNHIZ KT 52T — X BEEN DR D L) REENLETH D, Ey

Initial Vector

Coloring | color=1 ‘ color=2 | color=3 | color=4 _
(5 colors)
+Ordering *
| color=1 || color=2 || color=3 || color=4 |_
Coalesced

IR [1[2304[sle[78l [1/2[3[4[sle[7[@ (1123456 78 [1234[5le[7[8] 1]2[3[e[sle|7d

i {1 2222 o7 44 S5 el 7777 BEER

X5 #HfgT —FT7 7 BADOEOOT - X HEE 56, 8§ AL v KOHFE) (9)

Vol.2011-HPC-130 No.44

2011/7/28
1.50
O3 Initial
B CASE-1
g m CASE-2
% O CASE-3
£ 1.00
£
[
o
w -
2 050 [
K] X
&
0.00 U L

Flat MPI HB 4x4 HB 8x2

Parallel Programming Models
6 =W ARERE (REEYS, BEEDY) 12X 2Tt & KEE O RIEEE
(128 B3, 6,291,456 HHE, T2K (HK) 51227 (32 7 —FK) M) (9)
Initial & : Coalesced, CASE-1M : Coalesced + NUMA, CASE-2M : Coalesced + NUMA
+First-Touch, CASE-3  : Sequential + NUMA + First-Touch

HB 16x1

HEOL Y RBAMED D 5T — X #E T, REAFSMNTIIEIMCTRIT S Z &80
BTHDH, ARERED LI RARBAIRT -2 #EOEAETYH, BHRE~HAOMEZEN
LEFNCRKE R T AT T OBERITR VAT 2 LR FRETH D, AWFFETIE, DL
RRRFTHAT O,

T2, BREMEOSE, FEFZOV A X, MEHFESE D ILU BURTAE FIEIZEB
A7 ANA NBEERET DL, BAHEOR WM TRl /e & 57T 2R ET
&5 X5 RFEERT D,

4.2 BEE - BERYEIRE
RANRE R =V AT ATRaTEREE PO THO4— 5 —
W, Fut AWOWIEDRIVIINEATH S, AIFEOBE, WEIX

2757

o RIS SME O JEAMEEL & D (—x—lE
o AT —H, /INHEMEFIO Allreduce FEAIE (N, &K - I/ MEDOFHE)

R EMEET, BEETOLOIHENDRL, VAT UVRMEL R —AN%
<&607»%:77§X&TMA479yPﬁﬂfuﬁ?iyﬁ%?»@ﬁﬁmi
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(a) 80
I AHB 8x2 W HB16x1
60
. @FlatMPI 2 HB 4x4
d -
Q 40
[7,]

0 fg @@ iiziiulﬁuigg -

0 e I B L
10 100 1000 10000
CORE#
® 060
S 0.0 .
5 (ge8e
5 I
5 0.20
& " AHB 8x2 WHB16x1
- @ FlatMPI  $HB 4x4
000 L ivvin i
10 100 1000 10000
CORE#

X7 MGCG EDFFEMEFE ((a) MGCG Y v "—#HEFRE, (b) MGCG Y /v/3—1 X
Wiz 0 FHERER) (Bl Stz Y LoN— %, CM-RCM(2), 16~8,192 =7, T2K
(B K)) (Weak Scaling, 262,144 &L/ 27, BRKRIBEMRL : 2,147,483,648 /L) (R
BVE 2 U AR o = R ki) (12)
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D MPL 7R ERAEEROT ZENTES, K T7TIEZREARTERCBITLRT Y 0
BRXE2~ LT 7V v FRTLEf & 3% ARE (MGCG %) T T2K (RK) @ 512 / —
K (8,192 27) ETHEMAL THEVH (Weak Scaling) TH 5 [12), 1 Vv MH
AETMPL 7 rERAEZFAEIE, Yy FHIZ 4 ALy RO OpenMP |2 & - T % HB4
X4 N, AFUTIZER, WMEORTUANEATEY &K LMEEARYV, KERET
MBI L TIZIE-ETHIN, £7n I3 72T a7 BN i
WHEo T XY 720 OFERFRI SIS H 5

~NVF 7Yy RROFETHE, FICHWEFLZEBNT, BE0A——~y
RIZ L 2RI TRBEE IS/ D, ) 7 IR LI FETITIRFEN MPL 7 ot 2804
HEVRESWEERE, | aT70RTYAFZY vy FEOHEZER L TWHH, =
7§ﬁWMTé& DAFUL S IV TV IR WER DRENE & R D FIREMEN & 2,
KA RRH R =V AT ATIEZOL ) RERICHLT D720, HEERPTO
MPI 7' & & A O 7 & %) SRS FEET 2RO MR BE N LETH D,

43 EAMEER
RAEFEEHEA (Mixed Precision Computation) 1 1. THIFZHRA hXF 27—,
TV A=V AT ADOX—T—KE2oTEY, FFICHERIKRORREE CHEL
FEheT 52 Lix, FHEE, ENHEBELEVHIBANOLEETH D,
ARHFFE TIIRTALER AT SCAE fif 1512 DU T Tterative Refinement (17]) (ZE2S &, 17510
PEEITI U Tl 7287 A — X O BEEREFIEE, AR TH =S5y hedbH~Tnm
ST ART =X T VT HTHE ) — R ELTEETLHTETHD,

5. BEHR

BrBAiEt R o FEZ L@ E 7 4 77 k25 &5 HPC S Py =7
(E2)@74747@,_<E%ﬁ%ﬁ WZESLS D TH Y, BEfFOBLFZEIEE
2\ TR ITE e 2RI oA A B & L T, Domain Specific Language (DSL),
27 VT MIFREICL DT v 7T AHBAERREOIIE L EAIZR > TS (18],
ARG MANE, FHEMEZEBTF =2 —=2 23234 F ppOpen-AT IZ LV HH W5
HEEERICBOWCEENICREL SN A 7T Y, 77V r—va vz BEER
T%,?797*?5V%%ﬁﬁﬁ?@<?47?9%%%@@@%k%<@ﬁ?%
52 Lizh D, BlziE, OpenMM (Stanford X5) (19) X GPU [z ik iz
HEH %ﬁ?é YFENFa—FHEBBAIA T I VEETH D, N— ROV =T ITKFELR
WA VX T 2 — A ERT BN, BEIT 2 —=0 T OT AT 4 TIEBMY AhbhT
[/\f(J:[,\O
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Oak Ridge National Laboratory (ORNL) 23/ & 72 - T, KE=x/LF—4 (US
Department of Energy, US-DOE) O#fFZEFTHE, %X % —IZ2 XV Hybrid Multicore
Consortium (HMC) [20) 23#1#%k S4v, #Rx 7238 DM LT CPU » GPU #
BYVATAIATTERYVEAEZER L CWD, BEIFY =Yy b T 7V r— a0
BRE &R O BERE T BER 2 TR IIRIE TR TH D, AEARNE 2 XA O B
FTLIALALFALTHY, =7 P A7 —N v AT KNFEHAHIT TOEERE 722 Feil 2
T® 5, International Exascale Software Project (IESP) [21) & &b CEIBRAIIZHIHE L
TATE =V,

6. FLOH - BEREE

HEVF o—= JHE BT 57 7Y r—3a RS - SEZITBRE,
BESEIC DT~ Tz,

ppOpen-HPC (2 k5T, WA MK AT — )L AT KMZEBT D KRBT 7Y r—
a VBARRENEMR SN, HEHI AT AOMEERERIRFIEHIT I LDTEET S
Vor—var @M TRBICHERREL Y, KRB Il —va itk iR
B oERZINET 2 2 ERHIfFINLD,

ppOpen-HPC 1T K ITC IZ R 26 FEITEA SN AR A hARXF R — )V UV AT Kk
=2y P LTWON, Fixlg~wLFar7 s A%, GPUY TAY, A=—aT
FAXTORANARETH D, iz, PC, /I TR Z R TOT TV r—va v
BAFEERE (W) 1RO 2) S LTHAHATE S, A—7 Y —RE LTART S
ZLIZEoT, MIEENSKNHEK Y 7 —F T, @7 7Y r— 9 VB
BELTCEMMAERETHY, BBECHEAT LI LICED, RN AMBRICERT
D, R¥ - RERTOHRBICHAT LM, o —, 25, EEREHLFELLE
iR, EEASLEWRT S, W TFe I I SHEOHBEEM & L TRHATEZ L
<, 2K, HEEMNRERERDLTETH D,

ppOpen-HPC @

SE Xk

[1]  ppOpen-HPC : http://ppopenhpc.cc.u-tokyo.ac.jp/

[2] FBAEIR IR BRI ADENT FEHEEF 2 (CREST) WFZEREEL TR 2 h & 25— Lk
RERFRICE T DV AT LY 7 My = T HIFOAIH ]
http://www.jst.go.jp/kisoken/boshuu/h22/2ndterm/teian/koubo/04-ch2202.html

[3] HEKZFEEHIEME % — (Information Technology Center, The University of Tokyo) :
http://www.cc.u-tokyo.ac.jp/

[4] Okuda, H., Nakajima, K., lizuka, M., Chen, L. and Nakamura, H., Parallel Finite Element Analysis

[5]
[6]
(7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18
[19
[20
[21

— DD D

Vol.2011-HPC-130 No.44
2011/7/28

Platform for the Earth Simulator: GeoFEM, Lecture Notes in Computer Science 2659, 773-780
(2003)

BE¥ERE - FEFE, HPC X R v =7, BN 55-3, 49-56 (2003)

HMPP : http://www.caps-entreprise.com/fr/page/index.php?id=36&p_p=36

Intel Many Integrated Core Architecture :
http://www.intel.com/technology/architecture-silicon/mic/index.htm

The T2K Open Supercomputer Alliance: http://www.open-supercomputer.org/

Nakajima, K.: Flat MPI vs. Hybrid: Evaluation of Parallel Programming Models for

Preconditioned Iterative Solvers on “T2K Open Supercomputer”, IEEE Proceedings of the 38th

International Conference on Parallel Processing (ICPP-09), 73-80 (2009)

KIBESE - ML - AR - MBS, —ROTAREHEET 7Y r—3 a2 @ CUDA [i

VF F2d L PERERTAS, 1E SRR ATEHE  (HPC-129-20) (2011)

PENFE, NEEA Y Y 2 OGRS RS & ARTDE, E BT SRR
(HPC-116), 163-168 (2008)

SIS, AT a T REROFLEE R, FURSR B PATFJE T JE 8k No.1374 TR

BARSHEL 7 v TV X 5O IR LR, 1-10 (2011)

PIBATE - B F, A7 B SR A L 7o REUBOE A AT L FE,

e (HPC—107), 91-96 (2006)

PSS - RUGFIR - JDEE— - AR - BEEEE, MXNIBEIC XD KEER Y T 2

L—yay, SIS EHS (HPC—109), 215-220 (2007)

Katagiri, T., Kise, K., Honda, H. and Yuba, T., ABCLibScript: a directive to support specification

of an auto-tuning facility for numerical software, Parallel Computing 32-1, 92-112 (2006)

FRRZETE - BOTREME - SRS - B - PREOFE, Xabelib : WHMBA#IT =2 —=> 7o

V4 —7 x—RA OpenATLib ZFIH L= KEARET 4 7 Z ) OB, Rtk BEFHRE 0D

DHEF 2—=27, ISHEH (AAISHEEPRRRE) 204, 25-37 (2010)

Georgescu, S. and Okuda, H., Conjugate Gradients on Graphic Hardware: Performance &

LRV LN

Feasibility, Proceedings of 9th International Workshop on State-of-the-Art in Scientific and
Parallel Computing (PARA 2008) (2008)
Escript/Finley : http://www.uq.edu.au/esscc/escript-finley

OpenMM : https://simtk.org/home/openmm
Hybrid Multicore Consortium (HMC) : http://computing.ornl.gov/HMC/
International Exascale Software Project (IESP) : http://www.exascale.org/iesp/Main_Page

(©2011 Information Processing Society of Japan



