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conj_grad BE% oD E1 TRy ] FhEg

[2] GPU ME#:EE MPLI 71477 Y GMPL OBE% (M)
PEH > CUDA 72 & D 8L GPU Bt 2 W A LB BB 9~ 5 8540, MPT {5 % GPU O — =
JVEAT ERIRFLIR S D BN B D A3 MPT JE8(E A REEIRICAT A D DITAR A R CPUDALTH D |
Z D72 CPUHD MPT 71 775 K% GPUNEAIMET 2 72 D12 Id Gl 1T E 7 3R 73 0 GPU
W —=FWALZ BEDRRAET DI TR ITIUT R B 72, 20810 531 22 MIAEF] GPU
TV = ara—7 4 JIBWTKRERGE 720, Tun I I OB LT A
v DHLIICEY, T rr T AOEEREREIETIELHEH K ERS>TWD, RIFIET
—<TlX, ZORBEEMRIT D202, GPU DI —F/ba— K ETHEEE GMPT B & IFOH
LHHLWT L—ATU—27 L LTGWPI (GPU-self MPI) 484 « 32 L 7=,
WMIRIRN D, GPU IXREENT S A ATl 2, WE2 5 HHEIC InfiniBand D X 5 72
WEEEZ IO Z SIXTE R0, 2072, EBEO MPT @534 A - CPUIHFE L |
GPU il & AR A & CPU DR CIBEKB E ROV ¥ — 0 &R HBET ¥ XNV EERT 5, 2D
BIE T ¥ RV O cudaMemcopy D XK 5 721@HF D AE ) IS AME S Z LI1XTE 220,
PR B, 2D OBIEILGPU 2> B AR A b CPUICHIEINRE > Tnd Z & 2 E L TV B,
GMPT TIX GPU (AR A k CPU EWATL CTEVHIT D Z L2 BETLNETH D, D CUDA
BB ClL, ARA R CPUDT RLRZERIZ GPU DT RLRZEMEZE Ao L, 22205 T
A BFEETDH LT, PCle 2N LIRAEMIZRIEAE A ) EMEER T 52 L3 TE L, 22
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T, ZZWHITNT 78 AT AIEHREERDO Y 7Ry 7 7 285K T, WA= 7
ET T T — FEY IR L THEREFEROSLY I 2179, K 2-1 122 0+ %217,

CPU GPU
host memory device memory
Host to Host to Device
De\.ric? Buffer | L. copy L Buﬂﬁr{ﬁopy)
e WP il o
U\ polling by CPU C —
N
1 dequeue I
Device to Host Device to
Buffer(copy) enauene Host Buffer
: L polling by CPU .
/?I% ; ~
[ J
|
= N
I ™™ notify I

X 2-1 GMPI THWA E U X U AE VEIREE 72 GPU « IR A RE DY > 7Ry 7 7
e

ZZT, /— FRIMPI BEMHREZ CTE D LTI T SERWEOHIZ, GMPI T2l 7
Ny 772 HOWTETOBET —F 20D &3, GPU %fi& MPI 23 GDR ZED§RE A i > T
B OVERE CHEFRD WPT BIENFEBIND L OITKEI LI, 20, VoI Ny 77 &flio
TRVEY S5 DI WPT B OB IR R ORRETZ T TH Y | BERNRLERDIET —XIZ
GPUIA E VITEW-EE T, EEO W IO EZNRD,

GMPT (W TiE, (a) MPT BIZIFSTZONTA A b CPU ICHIEZ R4 LB A2\ 2 sd A
— Ay R SIS, (b) e 7T LAD0EESHMI ZH/NNROFHTITZH, L) 25
DAYy b3dH5D, OIZOWTIZHEHTHLD, (@QBELWLRLE I DX, R0 7
v 7 7R E R Ul T — 2 RHOMERBIC K & <UKET D, £ 2T, k> MPI-GDR/IB
(InfiniBand £ GDR % F\ 7= MPT i815) & GMPI D REAEEMEAREE . pingpong i@fF & AV T
FEAM U7z, RERAX 2-2 128, 2 ZC. MVAPICH2-GDR % GDR % FH\ 7= MPT AR DIE(E L A
TV ThDHN, FEOBERNIIILT GPU D AT U GABEEINET L TND I & ZIRGE
T 5720, GPU L DR AT G22I IER B, 22T, ZORBI=aR MbED2EE
VAT UV bE LTz, Zive GMPT IC K DB EMHRED IR 21T o TR R, I RSN D K9
2. AvE—TEDN KB BEE TOREWEEIT 10~200fE OMREZEITH 573, ZhxiBx
HEIFEAEERBRIKTIZ W ERbhrolz, LoT, ®HABREDOEIDORA vy E—UThil
E. EFEM DAY v RARELIEE, WA GPU 711 7T 2 o P DOAFEMEN A L% & Bif &
ns,
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2-3 Himeno Benchmark (SMALL) @ GMPT {4:REFEAM

BUFE GMPT (X E 72528 T MPT O RPBIEUT kG L TR 23 NAS Parallel Benchmarks
BEDEANR L Fv—7 BT 5200 v MIFEESATWS, 2R AW T, Himeno
Benchmark % 2 / — R CHEAT L728E OFHIRE R4 X 2-3 1 R$, 2 2 Tld 3 %% 2
J— RGBT L8, 7 — % O aH & ek FnnE (Try 7 AT A4 Nigks
VEELT2) O21Y ONEGEE Lz (YA X1 SMALL) . #meE LT, Ebh
D FENFHETS GMPL DG A —/S~ RITEE O CUDAMPT IZH K E WS, FIG L E
Ft 7101 Cdo o T OZIARIHNT NS < BIERFH SR TH DL & 2 50D 3 [FORERHA3 )
Mo TNDHN, MEFERM TIT 40~20%F2E ORI E - T %, Himeno Benchmark
BB IS ARG A EO/ NS WETH D7, FHERERS X0 ZE 2T 70 7
—va AR WTE, SHITHRBENEEY. WPLICED2 7 v 7T I 72 v EREED
LEZ N5, 728, Himeno Benchmark (ZB1F 54 Y )/ 2— K (CUDA+MPI) X 1317 17
THHDITK L, GMPT iR TIE 1210 /T & /hE < e o7z, ZEITIFIE 100 17T 1 HIF5TH D23,
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ETNU T a7 I v TORBLAT > E RS2 CPUMPT D7 v 7T Kb OBfEME
D3RO T < 7R DRI S b, A 1%1E GIPT B% DFEE O LI 2TV, F— 3Ny K
O Z HiEd, €0 LT, X0 AR K = — RO MPT b 21TV, =2 — Nkl & %
fELLER 2D TV TETH 5,

2B, ABFFRILIEIALEL A2 ACST2016 [ZFWTHFE &, Outstanding Research Award
EZE LT,

[8] PGAS EF&EMITEIET A 77 Y GASNet » GPU A1)} 3 & TCA £ (FP)

GASNet X >#[E LBNL (Lawrence Berkeley National Laboratory) CBAZE Z#17=. PGAS
(Partitioned Global Address Space) BT /L EIMEFADIKL ~IVBETA 7TV THDH, EL
AE Y ETMPT X0 b#EVIEEZFEBL T 5, THE T GASNet 1% CPU 2T D WFE1E DA %
KRIZ L TELN, BUE, 2% GPU 7 7 A XISk ¥ D PE5ED LBNL IZ L - THED Hiu T
W5, & ZTHA 1L, LBNL @ GASNet/GPU BHFETF— L & L[EMFFEZ 1TV, 56777 InfiniBand
ERGELTHEDTNDY 77 LU REEELWATL, Tihae TCA B H HV, lE OM:RE
AT O MR D TV D, ABFRICE D . A%AR ILEND b d GPU k5 L L
72 PGAS ET IV EFEDRIEIC TCA ZRBICHND Z ENTED X HITD ERIALTVD,

TCA | GASNet/GPU (LA, GASNet/TCA) Dkt « S23E1%, A CTik~<7= GMPT (2Ll T\
%o GPUIA BFEA S 415 GASNet JBIE ZRIX, AR A M CPU & GPU THFINHE LU XD X
Nl AE Y ZEFICEEINTY) 7Ny T 7@ L, GPU MOEEY 7 = A h &R A K~ CPU
MZITH ST TCA BEIC K> TERL, ZOMELELHmMEDY 7Ny 77 TRY, -
7ZL. GPT TV 7 =X MIZDOEFE NPT lfE 25| S E S TWZDITHF L, GASNet/TCA T
I% InfiniBand Z%f4 & L7z GASNet/GPU (LL'F, GASNet/IB) CTHEINDHFEAT 1 haiL %
TCA DR S APT THEET L7020, LV —EBOTRNPLETHD,

[X] 3-1 |2 GASNet/TCA IZ331F % GPU £ AR Ak CPUDRD Y 7 =2 N &5 T /37~ bl
EHEORF 27T, ZOHEZAV, X 3-2 [ORT 4507 —Filake— FaFEE L,
T TCTHEET NI L, GASNet (2B TIid segment & FRIEN D 7 K L A ZE[M 2 1@15 12
Héﬁfﬁ:&kkﬁ%bfwéﬂ\ﬁﬁmcmwwwu7mk&47ﬁi:®S%mm%n
DIEFHFLTNDL I ETHDH, WHI GPU LERTIEYIR, 7 — X ITFAMIZ GPU EIZAFIEL T
WD ERGET BT, ZD 1 D721F D segment L GPU AE Y EICHFTET A Z L1275, [X3-2
DFBEE— FIINEZEH L TV D,
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src. memory  Send buffer Recv. buffer Dst. memory

o
(a) BtoB (Buffer to Buffer)

Src. memory Dst. memory

<Segment> <Segment>
DMA
)

(b) MtoM (Memory to Memory)
Src. memory  Send buffer Dst. memory

@ t <Segment>
| DMA

(c) BtoM (Buffer to Memory)
Src. memory Recv. buffer Dst. memory

Send buffer Recv. buffer (clone)
b
<Segment>
oM, . @

' Transfer Packet (DMA/PIO)
"-:.'w&" Notify Update Msg.
Msg.r (—IEW L
(d) MtoB (Memory to Buffer)

~/

3-1 GASNet/TCA IZ331F % GPU - CPU 4 3-2 GASNet/TCA\ZEITH 4 >D
WIEDT=D DT o MBfE S wEE—FK

LBNL THAFE 41TV % GASNet/IB 1% GPU A #5#k L 72FH5 / — RIZ InfiniBand 23 E# S
NTWVWLZEEHMELTWND, AL NE TCA ORI T THEELA vE2EESHRZ,
GASNet/GPU TEFE SN DA TD core 1@fF AP & —#FD extended API ZFEEE L=, 72k,
extended API |Z42TC core API THIET S Z L HA[EET, A EIZEE L T eW extended API
1%, FEHE L 7= core API THEIFHETH S,

GASNet |Z—WREHALEMN T 2D TlEAe <, A E U T PGAS E7 /MZH-S< UPC
LOSHEFREZRELTCWDER, 7l I 3072k a—F L UL TRIHAT S Z L IdaE
Th %, £ T, GASNet/IB & GASNet/TCA DPERELLER &, (KL~ R@E T A 77 U B TIT
ST, PEREHAMIZHE KBTI D GPU 7 5 2 Z HA-PACS/TCA % VN TIT - 7=,

4

1, [—o—GANeUTCA GPUTo GPU) —e—GASNet/TCA (GPU to GPU)
—e—GASNet/TCA (CPU to GPU) 35 -—e—GASNet/TCA (CPU to GPU)
10 GASNet/TCA (GPU to CPU) R GASNet/TCA [GPU to CPU) |
GASNet/IB (GPU to GPU) = GASNet/IB (GPU to GPU)
z
5 g | [ T®TGASNet/IB(CPU to GPU) @ 25 | —e—GASNet/IB {CPU to GPU)
El —e—GASNet/IB (GPU to CPU) p 2 v b
= MPI/B (GPU 1o GPU) 9 £ , | % GASNet/IB (GPUtoCPU)
< 6| 5 —8—MPI/IB (GPU to GPU)
k-1 8=
= 215 |
4 &

[

=] ]
=]
n

4 16 64 256 1024 4096 16384 4 64 1024 16384 262144 4194304 67108864
Size [bytes] Size [bytes]

3-3  GASNet/TCA & GASNet/IB D& FEAEY R EHE L DL AT 3 B8 Riig B

3-3 1%, GPU F721X CPU AFEY B Y E—F/— KD GPU £721L CPU AE U ~DF —
HELEDBE LA T o KON RIEORIER R TH D, Z Z Tid GASNet/TCA & GASNet/IB
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Ofic, 2EFEF—% L LT W/IB OFRBBEE VD, HELTHHWEWD
IX. ” GASNet/TCA (GPU to GPU)” (F#t) &~ GASNet/IB (GPU to GPU)” (¥ft) Th 5,
F—HEREt Byte & FERIT/N S WX TIE GASNet/TCA D LA 7 > 1% GASNet/IB [Tt~
3 EIFRFER X WA, B0E Byte BREE CIXAA E7213 TCA OFNEF/NE L 720 2137072 5,
o, T XK 256KB ZAER GG TIRMF ISR L, N NiEE RS &L GASNet/IB 1
O THRENKE KT LTS DIZKF L, GASNet/TCA [ZMHOWET, 3. 3GB/s FEEE CFE
WD (ZAUTHERAI 2 B — 2 1ZITVY) , GASNet/IB OMEREDME T4 2 DI, GPU A Y D4
HFENRE/L I TE ST, TCA i Clx Page—Locked Host Memory Z Vv 7= PCle L5 —
HHRERIE(LEITO TWDDTENELTWD EEZXBND,

WIZ, GASNet/GPU (Z351F % extended API & LT, ZWRICHAIGEIRD KA A LT
FEICEIAVEND, ZRITAT VU NHREEEZRE LTy 7 A T4 NEREIZET

PERERFAM A 1T > 7=, TCA #§#§ CILFPGA ~N— RD =7 ET7 v 7 A N T A Nfgkz B — 2
=TV E LTI ZENTE, ZOLHIRT TV r—rva 2 HELLBEEIZBWTED
IR ERET D, TxIXZDOT a7 AT A RERED extended APT % TCA [A]1F 1 Heiiif k52
LT, MREZK3-41RT,

3.5

3+

25

2+

Bandwidth [GB/s]

32 128 512
N (Size = 8 x N? [bytes])

=8=GASNet/TCA (Block) === GASNet/TCA (Block-Stride)
GASNet/TCA (Stride) GASNet/IB (Block)

=8=GASNet/IB (Block-Stride) =8 GASNet/IB (Stride)

== 11PI/IB (Block) =8=NPI/IB (Block-Stride)

—e—MPI/IB (Stride)

X 3-4 7w 7 AKNTA NigkzGief i N2 — 2 ® GASNet/TCA & GASNet/IB @ Lhiis
(GPU to GPU copy)

Z 2 TlE. “GASNet/TCA (Block—Stride)” (AL P#f) & “GASNet/IB (Block-Stride)”
(&) ICER LTHHE 2V, li# & b3y RIRIZHOTWAH A, 2 IROCHEIROEFEE (N)
73256 Z i 2 500 725 GASNet/ 1B 23 037~ 5 DIZ%F L ,GASNet/TCA TOMEREIK Fid/hE W,
b, 7B ERE{l (Page—Lock) 23 TCA | THHEZR L TWAH D72 Bbivs,
7pB, HMiZR Stride #AE TITESHEREN/H TV RV, 4L GASNet/GPU TIET — X D
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pack/unpack ZEFTERU=®D (memory to memory copy #4719 DT) ThbH, MPI/IB T
IZRA v — Y DOWEZ(EDRERIZ pack/unpack 17> TS 72 OPEREN BV,

AHFFEIL CCS & LBNL O3 RIBFFERFNC IS\ T T, FRICEEARER S Oiin & HA-PACS
Z 72 MPT/IB OVEREREAIE, LBNL 25 O ILRIRFFEH 23 CCS % RAMEHR ICiThni=, [
LFEIFRRK DB TH 2 LALEMT B D,

[4] EBFEHZEHE=— K ARTED @ Xeon Phi (KRNO)[H] i)} HRER (L (FF)

ToRR 26 AEFE X D . E TR O RAE 7 v —T L OIEFEISEE LT, [WZ—7T
WA Ea—2EORBEY AT AATIZBHEEZED TS, B8 IFEICESSET
a2l —3 g a— K ARTED (Ab-initio Real Time Electron Dynamics) % Intel Xeon Phi
A=—ar7 oty FTICEELEIT> T\ 5, AL, BERE 2 —CTEAT O K
A =—a 7 7 AKX ThHDH COMA LT 277 L—4_ Intel Xeon Phi (KNC: Knights
Corner) CO@MMERRIATEZEBTHZ LICLY, R AT L% LV RANFIHT 2 &I
Wk 28 HEEEIE AT E DO WM Intel Xeon Phi (KNL: Knights Landing) 7' vt v ¥ % 7z
#EX 5 7 F A4 (Oakforest—PACS) ~DBAE HIREFIZ AN TN D,

ARTED % RSDFT (Real Space Density Functional Theory) ZJeA L L., ZHTREAIN
To AR E 2 R R S5 21— R T, —fD RSDFT (TEEARLHRAY/ NS 7R ZEM R A A D
FIREIC X L, REOEBZEMFREZZEIT ), 207D, —fRORBUIFILEE L By |

72 R A A L EWH| T vt R THET LD TIE R L, &ﬁf%wﬂﬁ%ﬁﬂmﬁ#éo%ﬂ
B RAA O TIIAT VR E 72 D08, ZHICBE LTItk LZzwniz o, flifEiskic
B9 25 (Halo@fg) 1354 L, b 0 ICHEBZEMOFHFERD Allreduce LLEEHHE
AT B0, Z OBERENE 100 FLE DWW 7 1t 2 TlEA— "~y K& iER b0, /- T,
AAFGETILZER] R A A DR % Xeon Phi ECEHD AL v RTED X 5 IZ2h=RAYIC LT
D INTEFEL T 5,

BIfED KNC 7—F7 7 F % @ Xeon Phi T, F>y UV 61 HOaT7nHY, £a7
NWTHRRKADDN—RT7 =T ALy REFIHTE 5,1 203 T IX0SLEIZ [T HiL b 728
BR240 DAV Y REE#TLO20END D, S HIZ, 512bit O AVX MFIZLY | [FEEZE)
IR A e K 8 O SIMD MLEA[RECTH H, Lo T, 1 DD MPI 7'm A% Xeon Phi F v

:UD%TTXVmeﬂmﬁ%ﬁﬁ%é\bek%@XVyPVNw&wéAvxw
BN 24T D22 T AUE 72 B 7220, £72.60 D a7 REREL~vx v v a2 G357
TR T I RBANG = B LT ATV REICERETHILERD D,

UEDOEZOT, AV na—REX 4-1 O8I RETREILL, 2230 71285
HEN b 2B L7z, & 2 CIfToemBEkIIU FOEY Th 2,
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[Fl—Z2flo st L CRAR DA EZE D Y T TWESHBOERE LR TINCE & DT,
ZHIZED, 2R LTIk x7 MVEBDBRESICR D,
Z2fi S BN 3T 2 A IBE RS 2 OFSIS RO A VT v 7 AFE R RIRHE %
WTITOIVTW D% §RA T > 7 AFSINZE S # 2 7=, Xeon Phi TIFEELL
RIRFEDPIEFIBENTD, A 0T v 7 ARSI ZZR U R, A€ ) BREENZL
< THMRMICERIZR D,
RERN—TNTEZIALZITo TVDLELRD 5B EBRITIZZ D/L—T N THWNZ
ZHE N2V DIZ OV TIE non—temporal store 27 4 L7 7 4 JH/RL., Fv v
TaRnHEiienk ol Lz,
HADIEFAZEFE L, ATV T 7 vAREGE Y~ b LI Lz,
BTz, BHERZ bRV IZ Xeon Phi DA > b Y vy 7 s FTEL
ZEIZEY, FERY MUEEBINT S Z LT, S HICEEMARREEETT o7z, ZOETIC
ONWTIE, A% KNL 7 —F7 7 FrMITICHELZE T LILERH D,

real(8), intent(in) :: B(@:NLz-1,8:NLy-1,8:NLx-1)

complex(8),intent(in) :: E(@:NLz-1,@:NLy-1,8:NLx-1) [ 3 ITERA| I ZE J
complex(8),intent(out) :: F(B:NLz-1,8:NLy-1,8:NLx-1)

fidefine IDX(dt) iz,iy,modx(ix+(dt)+NLx) .=t =
#define IDY(dt) iz,mody (iy+(dt)+NLy),ix 12T i?l{*ﬁf&d’ﬁ
#define IDZ(dt) modz(izs(dt)+NLz),iy,ix (BlRT—7IEER)

do ix=8,NLx-1

do iy=@,NLy-1 s - s =
!dir‘y$ vectir‘ nontemporal(F) #VJ/J%&ELQL‘!%JLHE*EK
do iz=8,NLz-1 (for Intel Compiler)

v=8; w=08

! z-computation

v=w+Cz (1)*(E(IDZ(1))+E(IDZ(-1))) ...
w=w+Dz (1)*(E(IDZ(1))-E(IDZ(-1))) ... [ AE) B ESR B ST }
! y-computation
! x-computation

F(iz,iy,ix) = B(iz,iy,ix)*E(iz,iy,ix) &
& + A *E(diz,iy,ix) &
& - 8.5de*v - zI*w

end do

end do

end do

[X] 4-1 Xeon Phi M2l STz B — Ry

INSOREEEETEN LR, 4V Y ra— Rick, Xeon Phi - ToOEITHE
REMKIEIZM EL7z, ZOMREEE 4-1 (rT, 2B, &Kk d 2R1DFE 22— FED OMEEE
1% 30. 06GFLOPS Tdh o =705, T AU EHEIIIT 224, 5GFLOPS & 720 . #9 7.5 fZ DO MeREm % 5%
L7,
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# 4-1 ARTED —F/ba— K (MPI a2 N) Ol & HERgm E

(Openp 240 Thread | Griops | E—pef:

BEIRIMIL{ERE 130.4 12.15 %
HHARE 113.7 10.58 %
ERHEREL (A) 114.9 10.70 %
ET7 AT I AREL (B) 179.4 16.70 %
AT YIREEAIRLE(C) 142.7 13.29%
(B) +(C) 221.4 20.61 %
2 HELERE (A+B +C) 224.5 20.90 %

AWFZETIL, ZO&K#E{ba— R a2 _X—2Z(Z, Xeon Phi 721 T < AA b CPU ® Xeon T
ey E L7 n e A A LT L, COMA £ 2 HD Xeon CPU & 2 £ Xeon Phi 71— K
EWVS ., = RROAY Y —2 &R LlcmMRERH R 2 1T L7z, 2 £ Xeon 1T NUMA 77—
XTI F I L DA ARVBAENINTNDD, ATV ORFELZAEINERT 5720, %
CPUIZ 1 > FTODMPI e AZEEL, ALy FIFIZ CPUANTHLD L OIC Lz, fR
BINZ, /— 4720 4 DO MWL Ve AZ2E6H852 8L L, 727201, Xeon & Xeon Phi
TIEBE DT BERENE W=, MPT Fut 2| ZE 0 Y T HRBETE L., Aroyid £
L7z (B ARSE) o ZORR, Si0, Z%Igt& L7z COMA D ARTED ®FEATT 128 / — K&
TO strong scaling #FEH L7z, / — NEEEIMLTZGED XA LAT v 78720 OFATES
%X 4-2 12T,

aCcruU ONative OSymmetric (Even)  BSymmetric (Balanced) |

410

seEl
2
|

m
%)
=

|

tion |

k2 [
— [=a}
= =

|

ime / Itera

—
(=)
=

|

=

=
=

Computation t

(=]}

16 32 64 128
Number of Nodes

4-2 ARTED @ COMA DT (strong scaling)

4-2 Tl Ffl 7= CPU O D FEAT, Xeon Phi % Native mode T3E4T L 7= Xeon Phi
DIHDFEFT, CPU & Xeon Phi % i J7{# - 7= Symmetric mode TOFEAT, % L T CPU & Xeon Phi
DOBEMSE A EZE L Chiw{b L7= Symmetric mode TOFEITEZRLTWDH, 16 / — RDOHFE .
Al S A7z Symmetric mode FEATCIE, CPU D ADIFEITLEA~H 2. 2 s O PEREM | & 7
Tzo LInL, /J— FEBH 2 21228, ZNEND 7 — A TOMREZEN/ NS 8o TN,

O
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Z U, strong scaling (28T HBERFHEIAR ML v 7 BFEAEL TWDHDTILZ: < | Xeon Phi
FOEBOUHEN/NSL R N R =T RRD D 0B ERER TE R0, B
BNERTFTLEZEIZEDHDTHD,

SRRV RERWE L MY A X - WIER YA X 2RO L) REE R E L,
Oakforest—PACS | AKFIZIZ KNL 7' 1 & » ¥ CO KRB S PERRLEL N EBLCE 5 L 9 W% L
TW FPETH D,

[5] TCA/Infiniband N1 7'V v FEfF FF)

PEACH2 Z Zh=RANCHIA 2478 & LT, 6517 7 & F L —FZ 5L 57 XcalableACC (235
VN C L PEACH2 23 S u7= TCA S@{E 8 & 3k InfiniBand 24T L CRIFI 2 HF2E 24T - 7=,
AT, 8fF D pairwise 72 EDOF#E{L AT o722 & T, MIAEIRAHE (Halo) DIEATIEHA
Daik v EHa Lz, £72, B354 7V v NlEIC L D4EMHEE (Allreduce) AT
HZ LT, 5 (Reduction) DFEFTEFRINAEME L TV 5, #7lZ. Reduction O FELTHRHEA
InfiniBand (IB) X L CEEETH D720, IB IZK LT /A 7V v Rl Himeno X
VI —7 OREY A X Small (64X64X128) (2B TN 41%DMEREM LA =R L2 (X

5-1)
2.5
5
0
o
O
]
o™
=
=

1x2x1 2x1x1 Ixdx1 2x2x1 4Ax1x1 1x8x1 2xdx1 4x2x1 8x1x1l 2x8x1 8x2xl
a8 G, k)

BCalc ®MHale ®™Reduction

w
[FS ISy

—
= g1 o

Elapsed time [sec]

L

MV2GDR s
HYBRID Hsmsan
MV2GDR I
HYBRID mssm
MY2GDR s
HYBRID m——
MY2GDR s
HYBRID mss——
MY2GDR mss
HYBRID s
MY2GDR s
HYBRID
MYZGDR s
HYBRID

5-1 Himeno X F~—727 (FIEY 1 X Small)

2. 2EME{E (Allgather, Bcast, Allreduce) (\ZxI4 B N1 7V v NiBEDOFEIELIT
ST, NAT Uy NBEICX2EMBEE TIX, BEVA X L@y Z2@mE &
(TCA/PEACH2 or IB) ZIEIRTHZ & T, mVMEENELNTWD, FFiL, IBITR LT
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ATV RIBEITERK 47% (X 5-2) | 42% (X15-3) . 21% (& 5-1) OMEREM E& R L
TW5,

= \MYZGDR/IE ™ Hyprid =*=Relative Perf.

10000 2 _
=
8 1.6 £
2 1000 —
: -
= 1.2 8
5 100 12
3 08 g
5 06 5
£ 10 £
= 04 5
3 ‘=
O 02 &
o
1 o ¢
9 i>z © 9 B o0 S s> B S0 AV e JPACe] b=
NGRS (ﬁa ~ Q‘L qpb: bp@ %Cb\ Q:(Qj\@ '5%0’\&\ q,@%&bé\ %
o
N 9 \Q
Send Size [Byte]
5-2 Allgather (8 /—K)
AV ZGDR/IB - ™ Hybrid =*=Rzlative Perf.
16000 2
i)
& 16T
3 1000 -
g 1.4 Do:
= 1.2 <
.5 100 1 E
3 0.8 79:
5 06 §
£ £
£ 04 %
O [rask
O 0.2 ©
(a8
0 2
» 0 b& e ‘L el “u D L0 AV Wb D AD =
N ,f/o \ Q,Qb‘ Q@ N a) q:(o <o(b ’\q/b‘ q/‘b A %
0 q/@ 43’1/ S o

Send Size [Byte]

5-3 Bcast (8 /—K)
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7% 5-1 Allreduce OMEE [ u sec)

MPI_Allreduce Hybrid_Allreduce Speedup

(MPT/Hybrid)
8 /—F 18. 322 13. 390 1. 36
16 /—F 22.83b 16. 007 1.42

F7m. YV —Aa— RO % g U7 f5 5. Hand—coding 12%F L CTEBEB LS ED
O— NTE TR TEX A Z L B R L, ] 5-2 2 Himeno X F~—7|281F % SLOC DL
TN

% 5—2Himeno N> F~v—7 VY — A a— R

MPI TCA OpenACC XMP Init Calc Sum
Serial 72 27 99
Hand—co 141 16 18 110 29 345
ding
XACC 12 23 88 29 152

[6] XcalableMP (21} 2BIAYZ X 7 W FIFeR (kb, HEBE[CCS 7 = v —])

XcalableMP (XMP) 2.0 mOEMSND TETH D, /WA T Y BELAIT O#E) & 2 73
FIMERE DRI HIEDIRE L | O TPl 21T o7, ftik 7k L LT tasklet ¥ER-3CA BN
L. 78y 7 abAXx—000a— Rz O CRBEASE CTh 5D StarPU & MERE « A PEME O Lk
ITo 7,

SIHAE Y BREEIZIB T D2 2 A 7 WHIBSRE A BB 5720121, /— FaiBE<H %
I W OEGFRERETRE T2 ERH D, L, /— FAIZ TZDHET?BEJH‘@NE I% OpenMP
4.0 BB LTz task R3O depend BiTHRT Z ENAIREZD, /— REBESHX A7 EO
KAFEAMR A2 9 BEBRIL MPT, OpenMP FLIZAFAE L72\V, Z DT OARMFETIL, / — RN TIAT
SNDHHXAIZHNT WL ICLDBEEEAREISYE, ZOBEORETIZEY X A7 OFTEHET
5 hEE ) — FRICTOERFRRE Lz, X 6-1 12/ — FEBES X A7 BOKRFRROF %2R
9, taskA [ THHE L72BCH] A[0:25] % taskB S WA 4. taskA & taskB OEIZIXFELTIE
FECARIFBIMRNIFIET B, ZOHA. 7 — F 1 TiE taskA OFHEK THICEAS] AL0:25] & 3%
fE L. /— K4 Tl taskB (283 L 72BRIC taskA M HIEDOZERE T (ES B IXZERD Ny
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Ty EERT) ALV FTERGT S, LIER-o T, X AT NTHEREORZIT L 43 A
FIVREICBTDIREMREZRET 2 2N TH D,

XMP IZBWTHE ARV AFIZT Y T I 7% T H8561%, OpenMP & AHAH TREbR 3
HMEND D, ECA T Y BREICEIT HEI X R 7 WHIMRE A FZBLT 25513, XMP @ task
FERICIC R W FEAIT ) — R&ERE, XMP @ task 712 7 NIZT OpenMP @ task 57 LR L O
depend Hilc LV /— RINDOH 27 Z4R L, OpenMP @ task 7' 1 v 7 NIZ CTHE S XMP Dif
%59 5, BEIZIL. XMP O EESZ %15 & LT- gmove FR/R3CX° coarray 2NV B
Lo ZAUHOFLR TIL, WELIMIIZIE MPI+0penMP & FRIEEOFLR A RO HN D720, 7 r s
T MFEHEIC R DT, E DT XMP ITHTT2 R R E LT tasklet FERICAIBANL .
FREONH A B — DR R TR ATRE L § 2 Z & THEME DM La BT,

Nodel Node2? Node3 | Node4

taskA

send

Af0:25)]>B

receive

taskB

A[0:25] |A[25:25]|A[50:25]|A[75:25]

X 6-1 sy ATV BREIZBIT D 2 A7 {KIFEOH

6-2 |2 tasklet fERLIZ L D70 VT I 7 flERT, tasklet fEmslid, =—% N
OpenMP [FAIERDIKAFBIROFLRITIN 2,/ — FEBWIZIKARR OGS OB FORR, =
BT —F %N T oy 7 7 R0F(T ) — REEET D, KIFFLRIE OpenMP task depend HilA]
FRIZ in, out BX WNinout & L, &b T XMP O/EEAN Z ek 45, BEFFIL. XMP 23
Bt 7 7 L— b = FESGTHRMICEER L, S 5104 7T &0 FEM 708 s il s
ARETH D, 2 DX, FEIT// — RiZon Hilc LV taskA X/ — K 1, taskBiX/— K 4
Thbd, 7. out HlZFEdh 7z /) — FESIZE Y taskA DEITE THRIZ MPI_Send (12X Y
Bl AL0:26]% 7 — R 4 ~FE L, in Silliib iz / — FES, Ny 7712k /— R 1
225 MPT_Recv (2 KV Z2A5 L7281 AL0:25] ZEdHI B ~&H L. taskB DA 2 BHiGT 5,

tasklet fE/RLE W=7 07T AOFHBICIT, FEKFEFERSEIEE o % — @ COMA
AW, 1 27— FRd7cy IPI 7et2&2H0 YT, KK16 /— K 16MPI 7rERX L35,
Flo, J—FHNOA VY FEUT 16 16 ~e BB SHEL, fRELZTR T T ATITT YT
VA3 %1TH a— K TH D, tasklet FaEn3C & BAHEMFSETH 5 StarPU TRtk L7==
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— &S L, PERE « EPEMED B 21T 5, StarPU L., 7 T v AESLIE 8 B BhFIERT ST
TRHRENPED LN TND, ~T R Y =T AREREIZE T L2 27 5Lt 57 2
ALTATTZYTHD, £, AL tasklet FER XD Pl TH D720, EEEIZ=
WA FITHEREZ FEE L T=DTiE e, 24 718D a— NEWMZEE L2 — a9k
L., iMliz1T -7,

int A[100]; /* Distributed array */

int B[25]; /* Local array */

#pragma xmp nodes P(4)

t#tpragma xmp template T(0:99)

#tpragma xmp distribute T(block) onto P
ttpragma xmp align A[i] with T(i)

/*.*

t#tpragma xmp tasklet out(A[0:25], P(4)) on P(1)
taskA();

ttpragma xmp tasklet in(A[0:25], P(1), B) on P(4)
taskB();

#tpragma xmp taskletwait

X 6-2 XMP tasklet fa/RIZ XL BT v T I 7l

B 6-3 ITATHIY A KX 8192X8192, 7w v 7 H A X 128X128 DT 1> 7 a2 L XX —43
O a— ROFHEiZ/~T, DT ~LCTHD XMP 1Ta A FIckba— RE#EEE LT
MPT+OpenMP =— R T b, MRk L LT, ALy RN 8, 16 DEEIZIBWT XMP 22— RO
BENNE <, StarPU LB LT 16 7k A, £7 0B RAIIBITD AL v RN 8 DLAITHK
KT LMEOMRELTGZ, LrL, ALy FEA 1, 2, 4 D5 OMREITKLS, BIEZ DR
Kz & Th D,

Number of Threads m1 m3 4 Emg Wi

GFLOPS

XMP |StarPU | XMP |StarPU| XMP StarPU| XMP StarPU| XMP | StarPU

Number of processes ‘

X 6-3 712y 7 3l Ax—ROFM (7534 X 8192X8192)
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AEFEMEOFHINICIZA ERED 2 — MTEEHWz, XMP L, /m— b a—F7 1
Z Xk DS 7eT — % 3ENCIN A, OpenMP & IFIEFISE D FLik T A 7 &7 3 FL il 7l HE 72
tasklet f/R3CIZ LY | StarPU &l L TRIKTa— FMTHZ 8%z b/, L7zdii-
T, tasklet fERXOAEEEOEH S ERT I ENTET,

L OFEL LT, BIEDIFEEIL Send/Recy RN—ARFHETH 5720, PGAS E7E & Hfn
PEDEWHARNEE 2 W FEEEZITO ZenBITond, £, HRINOALTIERS, =
—FRZ A7 NTHAGEES XMP OEFEZFER e 975 2 &L BRENE S FHM2 T
2 — =V RARRTEREE 2R TN D,

¥, AWFFRIE OCS & EMLFAIIIEATR I AR A & DR A R AT ABRFEILFEIF
ZgEDO—E L fTbhi,

[7] REAEAZNS 2T DAERETHIY — /L SCAMP  (Fh, #ZEE[CCS 7 = 1w —1])

RA N AT KGR I FIFE A7 AT, /— K EOa 7oz
Ao S — FEERS S HICESE~ BRI ND L RIAEN D, BYLFERGET - AR
P CIXLATL Y . ey HERRoOm Bk LCBEFEO Y re vy o T e T 7 A L
ZRIA L7zt E PR ZED TWD S, AR TIZZNEER LT, A—71 77 4 [
—REY A XOWFNLER T 0 7 7 A L EFIA LT, K0 KB AT K5 TOMR TR ZT
I FEE ZHUTE S Y =V E BT D, [RIT AT A% SCAMP (Scalable MPI Profiler) &
AT TS,

SCAMP DR AT, MPT TRIE SN T 1 /5 LDEI AT LA TOHERLNBES 1 7 7 4
NEITCIT, ZUBNED KB, T2bbE0 2D — ME T e 20T AT L THET
ENFEAO MEARMPT 71 7 7 A b (Pseudo MPI Profile) | Z# 3 AT~ T 4 v Z ITHERE L,
INEWHCAT LY I 2 b= T 5 & T, ETHMOTIZIT> bOoThHD, 3
2 L—#& L LTIL, Sandia National Laboratory TPBi3& X#17= SST/macro Z 5,

(3) Propageted Data
(1) Raw Data 11 T IV T

0
1]

(2) Mofied Data (resulted CPU simulator)

7-1 SCAMP TH#§ 5 MPI profile O
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4 7-1 1T SCAMP TH 5 MPI profile D& ZRT, T I TIX 2 KILAT I EHHZ
D L%, RawData (IE T 0 7T AE2EETIFITLTHLND T 07 7 A /LT, Ziinb CPU
simulator TR LT TMPL 7' 2 & ZAHA O L7256 O 7 v 27 1) O FEATREH] A3 EHE S
Nzl 7a 77 A VEAK LIZE O Modified Data, % L CTHHEIZ MPT 7 1 25 89N
SHLEZETHEHTFROA v =V A ANEbosTRITO T 17 7 A4 /L) Propagated
Data ThH 2D, WHIT AT HIBNT/ — Mg WPT et xH) P2 HE, AT —Y
VT T fEAOIC CPU EATRERM 2N EME X du, MPT @5 BB & @5 4 — 3~ ROBINAR
BT 2D, ZOWRMAZ, CPU simulator T & 2 FFHE & MPT 7w & ZE Nz 8E LT K
WML SNy a 77 AL TRET DLV D0 SCAMP OFETH S, ZOTFIEITY
Ry WA=V U ZICblATE D, AT — U 7 OREIE CPU OFEITREH DS EARRIE
fEL7Z2WEBEL, WPT B 7 7 A VDKL DOHRZITH T2, L0 EENDOEMER Y I 2
L= g UIREITCE D, Lo T R 2T FEEDHIFETIE, 83 AT — U 7 DEH DI % kf
Gl Lz,

#define XSIZE 1000

np = MPI_Comm size();
myid = MPI_Comm rank();
xsize = XSIZE / np;
ux = malloc(sizeof (double), Xsize + 2);
uux = malloc(sizeof (double), Xsize + 2);
MPI_Send(&ux[1],1,MPI_DOUBLE, .., (myid-1+np)%np,.);
MPI_Send(&ux [xsizel,1, MPIDOUBLE, .., (myid+1)%np,.);
MPI_Recv(&ux [xsize+1],1,MPI_DOUBLE, .., (myid+1)%np,.);
MPI_Recv (&ux [0],1,MPI_DOUBLE,..., (myid-1+np)%np,.);
for(i=1; i<=xsize; i++)

uux [1]=(ux [i-1]+ux[i+1])-2.0%u[i];
for(i=1; i<=xsize; i++)

ux [i]=uux [1];

[X] 7-2 SCAMP TXIH L4257 1 /T A a— Ko AfE)

SCAMP O FEITHAMNC Y T TH O | HiT SID YD BN T — & W HITL O JLER % A5 E
LTWb, =7y ha—FRofEK 7-2 1277, ZiUL2 RITTAT b a— RO
ThHO ., WIBEFEOHFIIETrERE (hp) LHTREADT 7 (nyid) TRIESNLD,
2L OF—ZWHAET 0 77 ATIE, 20X ITHIERTSBENICIRE S DA L
IMET, 2B WL 77 7 ANVOKBELDOA D =ALTHD, L0KBER AT Lx
ELT, KELENT e 7 7 A VIR T-3 DL IGEEMT7 V7 NEEIND,
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(3) Propageted Data

(1) Raw Data

rank] ||

rank
=0 I

=0 -
Il [
\

I JIL
=
="y

MPI_Send(...,int dest=4,...);
MPI_Recv(...,int souce=4,...);

="t MPI_Send(... H

MPI_Recv(...,int souce=1,...);

- == MPI_Send(....int dest=8,..); H
MPI_Send(...,int dest=1,..); MPI Re: int =8 )

MPI_Recv(...,int souce=1,...}; B _Recu(....Int souce=8,...) B

I
Jint dest=1,..);

AERFEMRE VS — FR2EE ERBEE

7T-3 AKELENTZMPI a7 7 AILDA A—

QCD <> Himeno Benchmark O X 9 7% WITLAT I AGHR T, BE7T ot A0
L. A7 e XM TO Allreduce WENRMEL LD, £Z T, THbd
WENH = NZOWVWTERBIZR Ay Ea—% ETHETa 77 A L& SCAP O FETAKIE
LEn/=7 v 77 A% SST/macro TV = b—ya > LR EZK -4 12”7,

point—to—point H{E

100 " Real Elapsed Time(sec) —— 0.03 T
: Estimated Elapsed Time(sec) * . Real Elapsed Time(soc]
2.568lsec Extmated Elapeed Timeloc) e ] 0025 L Estimated Elapsed Time(sec)
10 ) * E 002 b "
w —
T T
w e o015 T
e e 1 oot -
E e e
o 0.005
o e . ‘ , , ,
4 B 16 32 64 128 256 512 1024 16 32 B4 128 256 512
Data Size (MB) Data Size (MB)

7-4 ping-pong ifE & Allreduce {5 DEMEHIEFER E KB L a7 7 A LDV I o
L— g URERO

-4 OEMORIT 2 7 r & A/ pingpong 18E DEMFEN L, W= B2 —F DIE(E
RT A =B %EFET L LT SST/macro DEEY I 2 L—F TEITLEHEORKTH D, &
Ay E—UH A X L CURE—EOENHTEY . ZNEMIET D72 DIZFEhlE v
RIEZMIET D & MEMEEET D2 Enbnd, £/-, AUOXTIET =431 X%
21256 D Allreduce Rl 2R LTEY | 7 —F A XL o THERBTIEL TWLHZ &
DD, Tk, 7—F VA XKAF LTEEE T 7 b avoZ(bh SST/macro ¥ X = L—
vary ETEEESNARANZ LICKD EHEISN D,

S ORARN RIS VERERTMM 2 ¥ £ 2. NPB-CG, NPB-FT, CCS-QCD ZD_> F~—7 %
R L7, ZZTIRET T U r—v g LB Fw—2 L LT CCS-QCD DFE AR,
X 7-5 1% 2 SOREY A X 4xd4x4 & 8x8x8 ITHOWT, WA —V v 7 HME LSS, T4
bOLBFIIRIHED 8 % (=2x2x2) D7 v A TEITL, CPU FFIZE DL L RN E W I HHE
DFT, AT VI VEREOBEEEIE & Allreduce E WA L7,
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" Real Elapseél Time (sec) —
Esfimatkd Elapsed Time (sec) C——

2.4x4x4 3.8x8x8 2.4x%4x4 3.8x8x8
CCS-QCD (Problem class).(nprocs)

[X] 7-5 CCS-QCD RX> F~—27 DY A A — 1 o 75 k5 5

ZORREY | BT RN A — ) U T OEETYH, 8 A XDV AT A
O TRIMEREN FEEIERE LV 20%EFEE /< HTWD Z &b hnd, ZOZEFATIRO Allreduce
DR, FWTOY v ¥ —HD T 0 AFATRE O 220" B L T b L bl
2N, AEEFHOTANIZITE TV D LR TE D,

BIfE, SCAMP O — WA RILFTH Y | BIRFR TIEZ < DIEERFEEIC L > TV D,
SRR 28 AEFERFFE Tl MPT 1 7 7 A L DK LY — b (BLEIX line editor ZfH - THH
EICAERR) OE L, V—Ra— REa 3 T TN 25 2 & T, WPT FET8REN L5
bNL T ABEDNTA=ZNET a7 7 A )VKIELDTHD/RT A —52 % a4
DHEFEEWNRET D TETH D,

¥, ABFIEIE CCS & B AU ATR I R R AU & DR A R R AT LBRFE LRI
FD—EE L TIThiTZ,

[8] %I FFT 2RI D BERKDOBEGT = —= BT % (BiR)
BFAEAG R TR Hnb T2 mEiE 7 — Y =24 (FFT) OMREZ tE T 572912,
WEROBEETF 2 — = 71T 2R ZT o7, A £ ) RSIEH RISV TTF =
—= U T EATOBRC, RERMRENRT A —F I T ey OT =% T 7 F v S — R Zf
BT252xry FU—7 ZLTHEYA X EIKGFET D720, ZHHDNT A —=Z %2 ZDH
FEFHTTF 2a—=0 7952 LI3RNEICRY 5255, BEFa—=227 %M L FFT 7
A 77U L LT, FFTW % SPIRAL 72 E 2351 b TV 5708, IBERHUCBS W THEEIF 2 —=
Y7 aWMA LI FFT 4 7 7 VITEERESN T RVWONERTH H, £ 2T, 5] FFT
[CRW TG D /T A =2 2 BBV T 2 —=0 74 2 FEIZ OV TG L7z, W81 FFT 12
BWTHALBEZDBEIL AL T I HTATAH—N"=T v 7S 5LE. BEA Y-V
YA ZDFEE AT T4 DB RS T, A—="=F v T7ORIEREL 8 b,
ZO—FHT, WEA =Y XOG5EEEZRES <, @E 1 EHZYOEEA YT
— VYA ZXPNEL 2D, BEAY FIES/NESLK D, o, HELBELA——T
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v 7 ZHLHERITIE, BEICESTAEY ANV NENEEIND, LERS>THEAYyE—Y
YA ROZEENNI R E R ERNTFAETH LB D, Fio, FFT Z#HE T 2BEOREES,
TR DERBEIT IO T B v 7 A RZOWVWTHABIF 2 —=2 T %179 Z ENAEETH D,
X 8-1 (28—t FFT OMREZ 7T, K 6-11 75 N<220 D412 1%, FFTE 6.1alpha
(no overlap) & FFTE 6.1alpha with AT (H&)F=—=27") MIIEFE CHEREL 2> T
D1, N>230 DA TEER# O RIZ L U FFTE 6.1alpha with AT OPEEENRE < 72> T
WAHZ NGNS, £7-, FFTE 6.1alpha (NDIV=4) Ti3i#fE A v&—I %A ANFEIC 4
DEENTEY 2xt2EEERENMES o TnD Z Enb, N<22 04121 FFTE
6.1alpha (no overlap) £V HMEEDNMELS o> TWND Z LRG0 5,
S A U RNESIFEREIC BT 28— %ot FET IZBW T, g A v e —U %A1 X5y
., BEOMAEDE, T LT ny /¥4 XZHOWTHB T 2—= 72179 2L T,
PEREZ S DICM ETE D 2 &R ot

6000
FFTE 6.1alpha

5000 /‘—/Q (no overlap)
—&—FFTE 6.1alpha
w 4000 & (NDIV=4)
2 3000 3 FFTE 6.1alpha
/ with AT

L
S 2000
1000 &*4#11/
0 _i,_" 1 1 1 | 1 1 1 | 1 1

R ¥ q® 4P D b o
Length of transform (log_2 N)

8-1 WH|—ot FFT OPEgE (Fujitsu PRIMEHPC FX100, 512 / — )

[9] F—3A T oy THAL TV RADIEDDY AT LAY 7 b7 (BEH. IS

AWFIE TR T 7 ANV AT b, KRBT — ZWLBSHAT R O 2 £l L, AR b
RARF—= VT —=BA TV TYA T ADIZODY AT LY 7 v =T ORFH 7o h ¥
A TFEHEL RN AT o 72, BLF, HAMICFR®R T 2,

[T 7 AV 2T A

FFEDILN T, CPU a 7 Hoshnicxt L, 727 B AERAr—LT T ML, DT 7
T ASERENEL R LRV T 7 ANV 2T LOWERIZ1TH 2 & Th D, AEEIT,
77 ANT —ZDTLEALIZ OV THFERR 21T > 7=,
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DT 7 ANV AT ADT I AMREEZ A r— VT U NIELHEOIL, fH/ —Kon
—NNVARNL—CEFAT5E, SR — FOBEFEICLVZD/ —FOr—H LA ML —
DI ST T —XIZT 7 BARGEE - TCLE D, ZOMEERLT LD NETY
7 A NEREAM ) — FOa—T VA N —DIREFT A HENR L BT, TOHETIEA
ML= DR 2 (U BB L o TLE D, T—HIREEN 2HBULLR>TLES LW
IRENR DT, ZORMEZRIT 5720, / — FETIE/FFEZHNDLZ ENEZ LD,
LN LD INETIE/ — RRITONE/M &2 EEIALREIT O 2 LIRS SHEO A
— NNy RRREATOILTWR o To, D7), EXRAARFILTTEMF LD A — 3~
RSV ERIZERR L, £0%, IR FICERT 2EOTEPHW LTV, ZoORE
EIRARMNIRR T D728, Tk 26 FEIZA b L—VICE/ Gt R &7 —Higikas 4 7 r—
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1. [TCCSHPCtEIJ—) (—MxAB., &Fd@metd) . 201642 H 1 A~2 A

2.  “HPC Seminar” (&3EFIH) &K “Japan Korea HPC Winter School” (##[E
KISTI & o H:4#) 201542 A 15 H~17 H

ZEH., SNBER. MHRAEES

4
Outstanding Research Awards: Yuta Kuwahara, Toshihiro Hanawa, Taisuke
Boku, “A proposal of GMPI: GPU self MPI for GPU clusters”, 1 #LEL 2
ACSI2016 >~ > ART U A, &, 2016 -1 A 18 H.

2. The Best Technical Talk Award: Hiroki Ohtsuji, Osamu Tatebe, “Breaking the

.

Trade-off between Performance and Reliability of Network Storage System”,
PRAGMAZ29, Depok, Indonesia, Oct. 7, 2015

3. WMEHFARKE: MEFEY, “P-WAL: W¥|n 7 ETHEEZIALORSE”, HFHLy
RYVAT LI T RN =T EARV—=T 47« VAT AMPGER, 2015 411 A 25 H.

4. SR 27 EJE ARG AEE A SCE JSIAM Letters 451, J. Asakura, T. Sakurai,
H. Tadano, T. Ikegami, K. Kimura, “A numerical method for nonlinear
eigenvalue problems using contour integrals”’, JSIAM Letters, Vol. 1, pp. 52-55,
20009.
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1. JST CREST, #M#h (f%32) . H24 4 E~H29 41, 29,000 T (H27), B
B TR A RS R — VMRS E T 5 Y AT LY 7 by = T HIROAI
AR R4 A A VBRI 61 72 T SR - S (R M & BB O 56

2. FRILSERREFTCABIZE, A (ft3) | H2T fEHE~H31 4. 8,000 T-H(H27)
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3. JST CREST, mffikdr (LFINFFESE) . H23~28 4-FE, 15,600 T-HI(H27). WFJEfE
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BT A 75 V2 L HBLFIEE > AT AOREB ISR B 5 7
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6. KDDI mFgEprRIpIZe, JII&se (fR3&) | H27 4FEE, 1,000 TH., 7 —2 {4k
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1. /NEUGEEE, PR, e, TR, A, hREIR, mEER, EEEEA, T
7T L—ZEF Y558 XealableACC (23315 % TCA/InfiniBand /~f 7' U » R
HWBE”, HHLEESRGEa L Ea—T 0 7 A7 A (ACS) |, Vol. 8, No.4, pp.
61-77,2015 4 11 H.

2. AR, FEEE, VEEAAN, EERACR, R, RS G SIS E A TCAIZ K
% GPU ME#EE 21T D Collective 1H1E D FE%E & MERERIM,” HHALEL 206
A ta—7 4 72T A (ACS) |, Vol. 8, No.4, pp. 36-49, 2015 4F 11 H.

3. Tetsuya Odajima, Taisuke Boku, Toshihiro Hanawa, Hitoshi Murai, Masahiro
Nakao, Akihiro Tabuchi, Mitsuhisa Sato, “Hybrid Communication with TCA
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and InfiniBand on A Parallel Programming Language for Accelerators
XcalableACC”, Proc. of HUCAA2015 (in Cluster2015), Chicago, 2015.

4. Toshihiro Hanawa, Norihisa Fujita, Tetsuya Odajima, Kazuya Matsumoto,
Taisuke Boku, “Evaluation of FFT for GPU Cluster Using Tightly Coupled
Accelerators Architecture”, Proc. of HUCAA2015 (in Cluster2015), Chicago,
2015.

5. Toshihiro Hanawa, Hisafumi Fujii, Norihisa Fujita, Tetsuya Odajima, Kazuya
Matsumoto, Yuetsu Kodama, Taisuke Boku, “Improving Strong-Scaling on GPU
Cluster Based on Tightly Coupled Accelerators Architecture”, Proc. of IEEE
Cluster2015 (short paper), Chicago, 2015.

6. Kazuya Matsumoto, Toshihiro Hanawa, Yuetsu Kodama, Hisafumi Fujii,
Taisuke Boku, “Implementation of CG Method on GPU Cluster with Proprietary
Interconnect TCA for GPU Direct Communication”, Proc. of AsHES2015 in
IPDPS2015, Hyderabad, 2015.

7. T. Amagasa, S. Aoki, Y. Aoki, T. Aoyama, T. Doi, K. Fukumura, N. Ishii, K.
Ishikawa, H. Jitsumoto, H. Kamano, Y. Konno, H. Matsufuru, Y. Mikami, K.
Miura, M. Sato, S. Takeda, O. Tatebe, H. Togawa, A. Ukawa, N. Ukita, Y.
Watanabe, T. Yamazaki and T. Yoshie , “Sharing lattice QCD data over a widely
distributed file system”, Journal of Physics: Conference Series, 664, 8 pages,
2015 (DOI:10.1088/1742-6596/664/4/042058)

8. Hiroki Ohtsuji, Osamu Tatebe, “Network-based Data Processing Architecture for
Reliable and High-performance Distributed Storage System”, Euro-Par 2015:
Parallel Processing Workshops, Lecture Notes in Computer Science, Vol. 9523,
pp.16-26, 2015 (DOI: 10.1007/978-3-319-27308-2_2)

9. Shin Sasaki, Kazushi Takahashi, Yoshihiro Oyama, Osamu Tatebe,
“RDMA-based Direct Transfer of File Data to Remote Page Cache,” Proceedings
of 2015 IEEE International Conference on Cluster Computing (Cluster), pages
214-225, 2015. (DOI: 10.1109/CLUSTER.2015.40)

10. Hiroki Ohtsuji, Osamu Tatebe, “Server-side Efficient Parity Generation for
Cluster-wide RAID System”, Proceedings of 7th IEEE International Conference
on Cloud Computing Technology and Science (CloudCom), pp.444-447, 2015
(DOI: 10.1109/CloudCom.2015.25) (short paper)
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Hiroki Ohtsuji and Osamu Tatebe, “Active-Storage Mechanism for Cluster-wide
RAID System”, Proceedings of IEEE International Conference on Data Science
and Data Intensive Systems (DSDIS), pp.25-32, 2015

(DOI: 10.1109/DSDIS.2015.101)

Shin Sasaki, Ryo Matsumiya, Kazushi Takahashi, Yoshihiro Oyama, Osamu
Tatebe, “RDMA-based Cooperative Caching for a Distributed File System,”
Proceedings of the 21st IEEE International Conference on Parallel and
Distributed Systems (ICPADS), pp.344-353, 2015
(DOI: 10.1109/ICPADS.2015.51)

Yasin Oge, Masato Yoshimi, Takefumi Miyoshi, Hideyuki Kawashima,
Hidetsugu Irie, Tsutomu Yoshinaga, “Design and Evaluation of a Configurable
Query Processing Hardware for Data Streams”, IEICE Transactions on
Information and Systems, Vol. E98-D, No. 12, pp.2207-2217, December 2015.

L. Su, A. Imakura, H. Tadano, T. Sakurai, “Improving the convergence behaviour
of the BiCGSTAB method by applying D-norm minimization”, JSIAM Letters,
Vol. 7, pp. 37-40, 2015.
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Taisuke Boku, “Extreme-SIMD Accelerator toward Exascale Computing”,
International HPC Forum China 2015, Tianjin, May 20, 2015.

Taisuke Boku, “HPC Status Report from Japan”, HPC in Asia Session at
ISC2015, Frankfurt, Jul. 15, 2015.

Taisuke Boku, “Case Study on PBS Pro Operation on Large Scale Scientific GPU
Cluster”, PBS Works 2015, Mountain View, Sep. 16, 2015.

Taisuke Boku, “Accelerator+Communicationt+Language: New Age of Extreme
Parallel Computing”, CODESIGN Workshop 2015 (in HPC China), Wuxi, Nov 10,
2015.

Taisuke Boku, “Communication and Calculation Co-design for HPC on FPGA”,
ANL-FPGA Workshop 2015, Argonne, Jan. 21, 2016.
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Daisuke Takahashi, “Sparse Matrix-Vector Multiplication on GPUSs”,
International Workshop on Eigenvalue Problems: Algorithms; Software and
Applications, in Petascale Computing (EPASA2015), Tsukuba International
Congress Center, Tsukuba, Japan, September 14, 2015.

— AR

Tetsuya Odajima, Taisuke Boku, Toshihiro Hanawa, Hitoshi Murai, Masahiro
Nakao, Akihiro Tabuchi, Mitsuhisa Sato, “Hybrid Communication with TCA and
InfiniBand on A Parallel Programming Language for Accelerators XcalableACC”,
Proc. of HUCAA2015 (in Cluster2015), Chicago, 2015.

Toshihiro Hanawa, Norihisa Fujita, Tetsuya Odajima, Kazuya Matsumoto,
Taisuke Boku, “Evaluation of FFT for GPU Cluster Using Tightly Coupled
Accelerators Architecture”, Proc. of HUCAA2015 (in Cluster2015), Chicago,
2015.

Toshihiro Hanawa, Hisafumi Fujii, Norihisa Fujita, Tetsuya Odajima, Kazuya
Matsumoto, Yuetsu Kodama, Taisuke Boku, “Improving Strong-Scaling on GPU
Cluster Based on Tightly Coupled Accelerators Architecture”, Proc. of IEEE
Cluster2015, Chicago, 2015.

Kazuya Matsumoto, Toshihiro Hanawa, Yuetsu Kodama, Hisafumi Fujii,
Taisuke Boku, “Implementation of CG Method on GPU Cluster with Proprietary
Interconnect TCA for GPU Direct Communication”, Proc. of AsHES2015 in
IPDPS2015, Hyderabad, 2015.

Hiroshi Maeda and Daisuke Takahashi, “Performance Evaluation of Sparse
Matrix-Vector Multiplication Using GPU/MIC Cluster”, Proc. 2015 Third
International Symposium on Computing and Networking (CANDAR'15), 3rd
International Workshop on Computer Systems and Architectures (CSA'15), pp.
396-399 (2015).

Daisuke Takahashi, “Automatic Tuning for Parallel FFTs on Intel Xeon Phi
Clusters”, 2016 Conference on Advanced Topics and Auto Tuning in
High-Performance and Scientific Computing (2016 ATAT in HPSC), National
Taiwan University, Taipei, Taiwan, Feb. 19, 2016.

Xieming Li and Osamu Tatebe, “Data-Aware Task Dispatching”, the 10th
International Conference on Green, Pervasive and Cloud Computing (GPC 2015),

Fiji, May 4, 2015
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Fuyumasa Takatsu, Kohei Hiraga, and Osamu Tatebe, “Design of object storage
using OpenNVM for high-performance distributed file system”, the 10th
International Conference on Green, Pervasive and Cloud Computing (GPC 2015),
Fiji, May 4, 2015

Yuki Kirii, Hiroki Ohtsuji, Kohei Hiraga, Osamu Tatebe, “Simulation of PPMDS:
A Distributed Metadata Management System”, Summer of CODES Workshop,
Argonne, USA, Jul. 13, 2015

Hiroki Ohtsuji, Osamu Tatebe, “Network-based Data Processing Architecture for
Reliable and High-performance Distributed Storage System”, 4th Workshop on
Big Data Management in Clouds (BigDataCloud), Vienna, Austria, Aug. 24, 2015
Shin Sasaki, Kazushi Takahashi, Yoshihiro Oyama, Osamu Tatebe,
“RDMA-based Direct Transfer of File Data to Remote Page Cache,” 2015 IEEE
International Conference on Cluster Computing (Cluster), Chicago, USA, Sep. 10,
2015

Hiroki Ohtsuji, Osamu Tatebe, “Breaking the Trade-off between Performance
and Reliability of Network Storage System”, PRAGMAZ29, Depok, Indonesia, Oct.
7, 2015 (The Best Technical Talk Award)

Hiroki Ohtsuji, Osamu Tatebe, “Server-side Efficient Parity Generation for
Cluster-wide RAID System”, 7th IEEE International Conference on Cloud
Computing Technology and Science (CloudCom), Vancouver, Canada, Dec. 3,
2015

Hiroki Ohtsuji and Osamu Tatebe, “Active-Storage Mechanism for Cluster-wide
RAID System”, IEEE International Conference on Data Science and Data
Intensive Systems (DSDIS), Sydney, Australia, Dec. 11, 2015

Shin Sasaki, Ryo Matsumiya, Kazushi Takahashi, Yoshihiro Oyama, Osamu
Tatebe, “RDMA-based Cooperative Caching for a Distributed File System,” 21st
IEEE International Conference on Parallel and Distributed Systems (ICPADS),
Melbourne, Australia, Dec. 17 2015

H. Tadano, S. Saito, A. Imakura, “Accuracy improvement of the Shifted Block
BiCGGR method for linear systems with multiple shifts and multiple right-hand
sides”, Poster Session, International Workshop on Eigenvalue Problems:
Algorithms; Software and Applications, in Petascale Computing (EPASA2015),
Tsukuba, Japan, Sep., 2015.
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H. Tadano, S. Saito, A. Imakura, “Development of the Shifted Block BiCGGR
method and accuracy improvement of approximate solutions”, International

Conference on Simulation Technology (JSST2015), Toyama, Japan, Oct., 2015.

ENFR - IFESHR

Frz&thi, “JCAHPCIZHIT D2 ENRHKPC 7 7 A X OEFE AN E#EHIZHIT T, PCY 7 A
U= av7, G, 2016 42 A 19 A.

Z D DFER

Yuta Kuwahara, Toshihiro Hanawa, Taisuke Boku, “A proposal of GMPI: GPU

self MPI for GPU clusters”, ACSI2016, 2016. (ACSI2016 Outstanding Research
Award)

AR, SR, VSRR, BRI, RN, BRSO F I RN TCA 2 1
VW7 GPU ME#:E1E 12 L D Collective i8{5 D34k & PEREFEN”, 2015 A /X7
—v AR Ea—T 0 7 EHERTY VR Y T A (HPCS2015) U4, 2015.
AR, FNEM, MY, =/, Willilam Tang, Bei Wang, “PGAS =&
XcalableMP O/ ~A 7 U v R 2 —IZLDEMAEY I a2l —Tara— RoFEEL
FEA”, 2015 AEANA N T p—v o AAL Ea—T 4 LT EEERFEL VR T A
(HPCS2015) i sC4E, 2015.

BENMR, Fhah, VEREBER, RAE—1, “BEFEI1F v Ialb—vara—Ro
Symmetric €— FIZ L% Xeon Phi 7 7 AKX ~DFEE LR, 158
=55 153 [B] HPC Wt 2016-HPC-153, 2016 4= 3 H.

PERRECOR, BRA A, SERUE, AFnt, Fh2RH, Torahim Khaled, “Ffs G051 R
NN RS TCA 2 L 5 GPU %f)is GASnet D324, {5 HALEL #2255 153 [B] HPC #f%E
245 2016-HPC-153, 2016 4 3 .

HERfT, BBW, FFEHE, EE A, “SCAMP: MPI 8@ 7 a7 7 AL (2L 5
Xy MU — 7 MEReHEE FIEORSE, WL YA 153 B HPC #Fta s
2016-HPC-153, 2016 4 3 H.

FEINHE R, FhEeth, VepBiR, RAE—U, “Xeon Phi 7 7 A X |28} % Symmetric
A A EATIC BN 2 b— 3 ORI, HHRAETEEE 151 [H
HPC WFZe &4 2015-HPC-151, 11 pages, 2015 4 10 H.

ZJFARK, S, KA, “GMPI : GPU 7 7 2 Z (28It 5 GPU /v~ MPI O
27, HHRAEE S5 151 [0 HPC 5t 2 # 5 2015-HPC-151, 8 pages, 2015410 A.
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VERRECON, BRAUUA, SREE, FM2eth, “Fis & EEINEERN TCA IZ81 % Verbs %
N2 XD MPTERBEE O EHY, MHHSLEL 25 150 [l HPC WFE 2 #E (SWoPP2015)
2015-HPC-150, 8 pages, 2015 4= 8 H.
FRAFI, SEECE, FERILC, AR, BRSO IS EINEMAE TCA (2 X 551
GPU = — FOMETFHIE T L7, FRAHY2Y 150 B HPC #F7Ex @il
(SWoPP2015) 2015-HPC-150, 6 pages, 2015 4 8 A.
NS, PN, WREUE, B, mREIR, MK, EE=A, T 78T L
—Z TN 7 e 7T I 7 E5E XealableACC 123517 % TCA/InfiniBand?/~A1 7
UV F@fE”, H®RLHYSHE 150 1 HPC #F % & @&  (SWoPP2015)
2015-HPC-150, 12 pages, 2015 4 8 H.
RS RE, BIEK, HREw, Fh2eth, “Eih e HEINEMME TCA 7—X%7 7 F v O
Intel MIC 7' =& v %~ 17, 2015-HPC-149, 2015.
EERIT, “Xeon Phi (21T 2 W41 FFT OSEHL &M,  H AR AEFESS 2015 4F
FEAE TR TSR (2015).

EEARIT, “Xeon PhilZi51F 2 A5 RRGEE B NIGRIH A O LB & FEAT”, B ARG H
HELF 2 2015 FEAEREH TRRE (2015).
FAARKHE, AFHEsE, BRI, “NVIDIA GPU IC81F 5 A€ U A7 BLAS 71—
FNDA Ly FEHEERFE, [FRAEF250HE, Vol. 2015-HPC-150, No.
13 (2015).
ERGERIT, “Xeon Phi 7 7 A X1 W5 FFT O H#hF = —=1 77, FHR L5

i, Vol. 20, E-2-2 (2015).
FEARKH, AAHEsE, @iEAIr, “NVIDIA GPU (281} %5 GEMV & —x /L0 HEF
2—=77, IR TAEER WO, Vol. 20, E-2-1(2015).
Mohamed Amin Jabri, Osamu Tatebe, “Design of concurrent B+Tree index for
native KVS on non-volatile-memories”, 205/ A /X7 4 —~ L AL Ea—T 4
27" (HPC), 2015-HPC-150(25), 4 pages, Aug. 2015
HEZ, #EER, NIEHEZ, AEER, “913% HSC 7 —Z LB O AL
Gfarm/Pwrake O 17, WFEHRE NANT +—~v o Aarva—7 127 (HPC),
2015-HPC-150(36), 8 pages, 2015 4 8 H
Fil HEthidsf, BB & L, Ross Robert, “CODES/ROSS (2857507 7 A VY AT ADT
DIFEAZ T — 5% —23 PPMDS OFHME", WM& NA T —~ A3 Ea—T 1
7 (HPC), 2015-HPC-152(7), 9 pages, 2015 4= 12 A
Osamu Tatebe, “System Software for Post Petascale Data-Intensive Science”,

Sapporo Summer HPC Seminar 2015, Sapporo, July 23, 2015
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Mohamed Amin Jabri, Osamu Tatebe, “Design of concurrent B+Tree index for
native KVS on non-volatile-memories”, 15 MBI FERNA/RT p—< L AL B a—
T4 7 (HPC)WHeFs &4, BT, Aug. 5, 2015

HREZ, @EER, e, FREM, “3i35 HSC 7—Z LB oMgEdd &
Gfarm/Pwrake D", 1HFHILILF-2ZNANT p—~v L Aar B a—T7 17 (HPC) W
JegeFR e, B, 20156428 H 6 H

HEBME R, “Gfarm 7 7 A V3 AT AORE L 32”, Gfarm V—27 2 a v 7, A,
20159 H 4 H

Ml HEttidef, &L, Ross Robert, “CODES/ROSS IZ L5557 7 A VT AT LD
12D DI A B2 T — 52—/ PPMDS OFHW”, ML 22N T p—v A2
YEa—7 4 v 7 (HPC) WHFEsERS, LR, 2015412 A 16 H

Fuyumasa Takatsu, Kohei Hiraga and Osamu Tatebe, “Design of object storage
using OpenNVM for high-performance distributed file system”, 2nd Annual
Meeting on Advanced Computing System and Infrastructure (ACSI2016),
Fukuoka, Jan. 18, 2016

Shin Sasaki, Kazushi Takahashi, Yoshihiro Oyama and Osamu Tatebe,
“RDMA-based Direct Transfer of File Data to Remote Page Cache”, 2nd Annual
Meeting on Advanced Computing System and Infrastructure (ACSI2016),
Fukuoka, Jan. 20, 2016

NETEZ, BEMER, “MERIUILS S =7 AT ARG DOEME, LS
BMRRES AT LY T My =T AL —FT 47 - AT A (0S) , Vol
2016-0S-136, No. 13, pp. 1-6, 2016.

Li Jiang, Hideyuki Kawashima, Osamu Tatebe, “Recursive Incremental
Computation for Efficient Window Aggregate over Array Database”, & UL
EMEREVAT LAY T by 2T AL —F 47« VAT A (0S) , Vol
2016-0S-136, No. 5, pp. 1-15, 2016.

Komei Kamiya, Hideyuki Kawashima, Osamu Tatebe, “Efficient Write Ahead
Logging with Parallel Write”, Annual Meeting on Advanced Computing System
and Infrastructure, 2016.

g RARERES, JEoez, BEEMER, “BEbT —F X=X AT LIRIT HRMGEHE
OWIUCBAEIZ BT D 5HE”, (HFHMABF2ERE S AT LY 7 by =T LA
—7 47« A7 (0S) , Vol. 2016-0S-136, No. 6, pp. 1-9, 2016.
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WENANRT p—vAar ¥ a—7F 47 (HPC), Vol. 2015-HPC-150, No. 37,

pp. 1-6, 2015.

HEZ, EEER, B, FEEM, “9iE5 HSC 7 —Z LB O M4 &

Gfarm/Pwrake O 1”, fFWAHE AR TRRENA N T —~v 2 AarBa—T 4

»7 (HPC) , Vol. 2015-HPC-150, No. 36, pp. 1-8, 2015.

PREBHERRS, NS, #EHER, ‘Wb T —FN—2A T 2T KZBIT 2B EE

R DIEHE”, TFHRLEFE R IRRENA N T =~ A Ea—=T (T
(HPC) , Vol. 2015-HPC-150, No. 23, pp. 1-6, 2015.

—AEHE, S8, BEMER, “BRAEGIC X 2R omtEiRl”, HWLHT s

WRENANT =~ AarEa—7 17 (HPC) , Vol. 2015-HPC-150,

No. 16, pp. 1-8, 2015.

JNEHZ, BHER, NIRRT S — 7 v AFHELE ORI, [FHRALER

BFRBRE AT LY T Ny 2T AL —FT 47 - AT A (08) , Vol

2015-0S-134, No. 9, pp. 1-7, 2015.

Li Jiang, Hideyuki Kawashima, Osamu Tatebe, “Design of Automatic Supernova

Detection System”, fFHLEFEMIEME NA NT p—~v L A Ea—TFT 17
(HPC) , Vol. 2015-HPC-150, No. 19, pp. 1-8, 2015.

YGRS, JEoez, BEMER, ‘D57 —F X—RA T AT LIIBIT LR

ERVLBEOFHE", HRLEADNRERE AT LY T MU =T LA L—TF 1~

7« A7 A (08) , Vol. 2015-08-133, No. 19, pp. 1-10, 2015.

MRFEN, JIIEIEZ, BHER, “P-WAL: ¥|n 7 EiTEEIALDORSE”, FH

HESHRRES AT LAY 7 Mo T AR —F 47« 27 5 (0S) , Vol

2015-0S-133, No. 18, pp. 1-10, 2015.

ERRIEE, 2 HEEEA, 588, “Shifted Block BICGSTAB)EDHEEE & Z DI

IZ2OWT”, & 44 EEERRNT S AR YT A (NAS2015) , 5E9 DR, 2015 4F 6
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Correctness Checking for YML and XMP Programs”, 2015-2017,

VRSO L, BIRE, R —IVEDRERE
Gfarm 7 —7 > 3 » 7 2015, #F, 201549 A 4 H
Gfarm v AR T v A 2015, A, 2015412 H 14 H

International Workshop on Language, Network and System Software (LENS2015),
Tokyo, Oct. 29-30, 2015.
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Taisuke Boku: Organizing Chair, HPC in Asia Session, ISC2015

Taisuke Boku: Program Committee, HiPC 2015

Taisuke Boku: Member, 2015 Gordon Bell Prize Selection Committee, ACM
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Taisuke Boku: Member, DoE INCITE Proposal Review Committee

Taisuke Boku: Program Committee, International Workshop ExaComm2015
Taisuke Boku: Program Committee, SC15 Invited Talk Session

Taisuke Boku: Program Committee, 15th IEEE/ACM International Symposium
on Cluster, Cloud and Grid Computing (CCGrid) 2015

Fheth - HWALE 2 ACSI2015 ¥ VAR Y U A - ME B R

Osamu Tatebe: Program Committee, 15th IEEE/ACM International Symposium
on Cluster, Cloud and Grid Computing (CCGrid) 2015

Osamu Tatebe: Program Committee, IEEE International Conference on Cluster
Computing (Cluster) 2015

Osamu Tatebe: Program Committee, 7th IEEE International Conference on
Cloud Computing Technology and Science (CloudCom) 2015

Osamu Tatebe: Program Committee, International Supercomputing Conference
(ISC) 2015

Osamu Tatebe: Track Chair, 10th International Conference on P2P, Parallel,
Grid, Cloud and Internet Computing (3PGCIC-2015)

Osamu Tatebe: Program Committee, Architecture, Languages, Compilation and
Hardware support for Emerging ManYcore systems (ALCHEMY) Workshop 2015
Osamu Tatebe: Program Committee, 4th Workshop on Big Data Management in
Clouds (BigDataCloud) 2015

Osamu Tatebe: Program Committee, 4th International Workshop on Advances in
High-Performance Computational Earth Sciences: Applications & Frameworks
(IHPCES) 2015

Hideyuki Kawashima: Program Committee, The IEEE International Conference
on Multimedia Big Data (BigMM).

Hideyuki Kawashima: Program Committee, IEEE 9th International Symposium
on Embedded Multicore/Many-core Systems-on-Chip (MCSoC-15)
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25. International Workshop on Eigenproblems: Algorithms; Software and Applications,
in Petascale Computing (EPASA2015) Local Committee
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