RARRZRr— )LEFRIZE F1=
BFRT7ILIVALOBARMER L

RRTEKF
1= R B K
JST-CRESTIIRRARRARH— LB D AR ERB D FELIZ
SO RAY AN E WL T il




ILEEIGAZEEDODRTUVILEE

ATUOVIIEHE EBfA I AL —23 7l T ORRGHESTETE
‘:BL\—CEg@:t’_*)L I

fr’.j,kﬂ

L.
N R S
ey
|| /, ] .*t:r; j;._;.k-l
N s BRTROBHMETIO
g\ - o — Or L
2 MBI R Ty TIZE

[TRHAEDEEZLE.

K[ERIO—FASUCA Phase-Field5t & PR HRIaL—ay
(2011 Gordon Bell &) (HPCS 2013 1B F i X)



TS L—2ZFEDOA/\aY

e tHE—MTianhe-2, —{iiTitan, £AEHA-PACS...
* Green500DTopl0E M T IVESL—2EX/\aY

ATUVIIEEICHCER
¢ GPUT7YESL—3D4HEFIFE
— BULVAEY/NUKRIE: 150GB/s X 4200
— SULVEEEE: 1030GFlops(SP) X 4200
« VILFGPURICTHLRERWFLGETE -BIELL
— AN E>BEOHDEELZDT, BIEEDA—F—IT—DEL




TSUBAME2 L D
ARTUVIWT TV r—a 4

TURSA SaL— 3y
e 2011GordonBellEF7 1)
e 4000GPUT3.4PFlop/s(SP)

R EMERE Lok
LHL. FEHIEL6GB X 4000(2§E 515
GPUAEBRE N 10/Z8kLLY !




FINARAERYBEEI(C J:ZaBEﬁl

¢« BFOMMNIIIGPUT/INAAAE)R

BIZLYRESID e

— TSUBAME2.5: 6GB X 4000 = 24TB seaceicees

— Y3al—avDEEEELIFRI0. Ly
Lo EBFEMMLIZUL ! I

MPI+CUDATH I N B X T ILTAaT S LETHRDEF

AR/ —F 2z FINARAEY
cudaMemdpy' | MpLE{ | i | HEE
T eee—— *
VPITH R RARAEY RARAEY

= RAFAEYDAEE(TSUBAME2.0TIXEH100TB)Z;FH TS
nif, SoICERMEIaL—2 3 0 ER !



AEEREELTO
TINARAAE)ETRARATE!)

.y TINA RAEY STRRARAEYRETAT VT
orec HENDONIETRBEREZED

|| LAOLRERE! !
Bl o [#EEME] TWIKGPUIZR Ty THERELL

J— 150GB/s o [MHEEE] RATUYVILTRMIZRDYT
T AHEHERENVDE LN &

Dev mem
3GB 1GPUT3D7TRARATUVIL
8GB/S I mn
TIMARI FEHRIVT7INREE
Host memory < | >
[GFlops] |
54IGB 129 THoa9es 1o
— ey = 100 0’7/12 \ _ sia B
_IXEE% 80 | \: TINARA B E
60 ! HBAf=&f-AIC
GPUaT MRS E. PCle(8GB/s)D 40 l _\Eﬁﬁl/so
ﬁhj(:ﬁék%b\j%l) 22 44§ 3585 3;96 2;81 4.,_63 4.;|_1 4-}3
240 480 720 960 1200 1440 1680 1920 2160
size of each dimension in single precision (float) format.




IHOHEFRAMITI=AEYRBREDFEIL
TS5 —2BIZ /A VEITORIETIEAL

Hybrid Memory Cube (HMC) R FEFREAE!(NVRAM)
« DRAMFYTM3DFEREILIZLS « DRAMEELSEIEAR

=Y-3c2( « TURRBRE-FE-writeTf £ F5FH
* DDRKYEBENHEYBREEFF STT-MRAM
*  Micron/IntelZg& & = -
W HAEAE
100000 — =EFlashAE!)
§ « PCl-ExpressiE #4777\ 1 R A 51
10000 | _ 1EIZKYO(GB/s) D ek
— ' * Solid State Accelerator(SSA)&¥%
E 1000 |
#E ]
=~ 100 | '
iy : 20184
: ZHDRELY
10 Ll Ll ETERTIT SRR T Lol L

1 10 100 1000 10000
AERE(GB)



BET DFFRODEREAEEREA/NAY

5,000~100,000no0des (1~20MW) /—F]
Amc | DR :LQV_RM?_ 1+ 10TFlops, 200W
3068\ 7 * HMC, DDR, Flash SSA7E&E D & A

1TB/S<\ T r’ £!) }%JE’&*#’J

10TFlops

- A%, *E) EaszO%é‘ﬂiEu:ﬁlJ
ThHY. x%'J$%ﬁEE17k%Eﬁn*1%

o JE—F/—FDAEVLERICE
FND

~20GB/s
Flash SSA 1TB

B P emrd

15'] a—rhy B ERIALZIG®
Parallel FSi 15'_5 EFrVbI—Y

Interconnect

L EAOE 3 E
No—FFT7ZFFOEBATIZEZERAL.
R -EHEZalL— 3 ExER

e =
Y e
- |
¢
; l
d )\ R T
2 >
A




[Mem-CREST IR ARRA R — JLEF{R D
AEYBBOZFERILIZHIGT YT 7 H A

2012-2017

Py | EEHIIaL— | | KERRERE ||EvI T8
2= ik JHERT
[ FABRE Y g£@E7ZILIUZL N
JL—LT—% BirtEmR E-ETILE

VAT L AT RIS | | ARG
YILOIT AL EEN aAVINAD

27y TN VAT T E

fEEX AT EEY AT A
\ 4
BIESA4T3)

7—x FLASH with Shortcut
T F O(GB/s) BW NVRAM HMC Interconnect




[Mem-CRESTJIRARRZR A — JLE{XD
AEYBBOZFERILIZHIGT YT 7 H A

2012-2017
77 EE A Al — KIREHHEEE | |EvIT—432"975
=D b SR8 JfRAT
7 R RE: REBK (R AELE)
=T I—T {EBEELR JAISTEIZ) T L —F
S L TILTVX LB A INTY—=ILFTAY
Al g ALE (NN, BB BETX) - HAFR., FEBIHAIST)
-2 - #EERPDIA - FRERPD1%
J - Bt EHL - BL-ETYEHSL
ZIEF (REEXBI )T IL—T
BEEXGAE)EE AT L
- HSERME(REX). KiiTB14
~\_ C it N
Shortcut

FLASH with
NVRAM HMC
O(GB/s) BW Interconnect

10



fthF—L D EHE R TR

RRARRSMILE thF—L () RARRFFEZFRHBF—L (FRX)
77°|) ° /)ILMK/\J-I/ 3y E*_’ jﬁfﬁ*§7\57ﬁg*ﬁ'5’fj§'}
. |~M/fr#1l:7b L\ — ’7 (% %ﬂi@?i@tlﬁ%

RERRE: EEBE (iljt/ééﬂi)

BT IL—T {EBESERC JAISTEIZ) T IL—T
FG3ALTILTd)V X LB A INAFY—ILVFIAY
Al BB B HE(NN)., £ (BEITK) - HEEFER., FFEEHAIST)
7l #RERPD1IA - HRERPD1IA
V. st-EteEss - Br-ETREHL

ZIEF (RRBRXBE)T IV—T
BEEXGAE)EE AT L
- EERFEREX), KilTE14
- BX-ETEEHS

FARVET I | Jeffrey VetterT IL—T FDhiEHE S

F—L (RRX) / (ORNL) _ « Intel, NVIDIA

* NVRAM - Flash$% fii « NVRAMFIFAR/SO> | « NEC, HP, Fusion-10= = -
« B I KTSUBAMEF—L




SEDEED B R

EEfE < JLFGPUO—FR

 MPI+CUDATER
de TINARAAEYANT

RT 22V D) N 5169 58
+ 0,
L % FUMS
7 EE, &

S e

B Ia—T 12 - F 8

Fa—=—2(CHHAHAECADIKRETLY AsHES 13]

71 ﬁ%ﬂs

= AT~NDEAFF
RN B
HER{ERE.
SR+ KRB E+SEEM




1IGPU L DB R TV IILETE
ERB =X

7 /\/|~:|—-r4/7 TRBE=EX T AIZIE?
i/ £S5 DIVLLEEESSIZHTI N
574 : ( L.B&2&ET DGPUNEHSTETE
— ( ﬁﬁw—j } -----
ﬁiﬂﬂ’]ﬁkﬁ@uw / \ ;
%ﬁﬁﬁ»—j oy |
#\XI‘:?/“{X I o
\ RARSTINAR
BEL—F | |
' i & EEtE
& HEE g :
| 7184 R=HRR
EREMPLHE(E ! |
' ] HREMPLELS L
\ - | i i
| \ )
TINA RA=SHRRb | J




s — N e y
BT ATV I)LETEDEEE
TSUBAME2.0_E M Tesla M2050 GPUZ 1GPUFI|
CUDA 5.0 TE%&
3DILAARBEHTIRATIUVILERTT
NRA—TFT AT MR

2100 &
= 80
e FINLRAAEYRE
.o BADE
'{ﬁ o HLLEREIET !
0 L"M’|
O gmo®Pyax 200

« HIMGATUVILDOBFTEDRIARIE
e Communication Avoding$ZfiTE DA EHE NN E



TUoRZILDOvF U IZLA B ER L
+ TAMNO)EIZFTIEASNT, TNARAEYMNGENDHS
N5DHERE
= Communication AvoidingMIAZE ! (Demmelss )L—T &)
o TURZILTBYFUT B HEEICHL . EHEIRFEBRTYIE

E&)Tbi') [Wittmann 10] [Mattes 10] %5 &
— UT. 709 T B#iEkET S Step 1 Step 2

7 . jrlllllllllﬁxxxxzx

ARy AR RFYTHEDT simulated

EEEEN] NEN )'a"'B time

EEEEEL - T —2(IRFLTLNSEERT

T ESE | MNKE
CDRIIFBITIEREED
DEIZHE

E) KrylovBi R ZEREGE . e ERENHLHEEHATELR
LMEWS DY RES)EEHY



TR

DB

IRRAR=T/INAR

/

BRIL—T

EREtHE

BREMPLHEE

FINA RAFRRR

SILT7AYyF T EANIZE
A—HT0JSLER

REE(EL )

BRI IL—T

/ N !
o eEEIL—T

I~

TBhR

BEfEIL—F (9% ). .
Nt/k[E] i
l s

N
( o EsIL—F

N\

RRAR2TINAR

HEREE

FINARHRAR

BREMPLE(E

Eiizlﬁlﬁé
1/klZ

RAMSTINA R

EfsIL—7F (R)
k=]

/

HFREtE
(TREESD)
1

4x:$1h

7—_“
tﬁﬁé‘—mpﬁﬁ%

C }---




— O mm A\ N o N 2N
ToRIILTAYFT ) EARFDERE
e Tesla M2050%1GPUALY, 3DIL AARMEIEB CTEATUVIL

« TAYFUTERBKIZONWTIE, BEHEDINTGA—FRL—T LYRE

NRIA—F4 TR

120

—gloo (/_Q -—-NoTB |
ig 30 *—_a(/% —==TB o
O
Eg - ﬂ@%&\\
4 /;zf\\*“%&\\x
o 1
¥ 20 ||

O I 1

0 1000 . 2000
D —D (X

« TBIZKY. KIRIEFDMERERIEBT VI



Fa—2P T REI/INTGA—H
- BFRI7 0y A Xk

— kAVNESWWEBIEERLET . KD KREVERRETE

MEZTLEI=>F—FATD
— U= T N\TGA—EFRA—T(FED)
— EHICE- THRBEAITELRY . k10005 EE
o XYYl aMERLEFALVICLI-BEFEME TIL., k=2~8

BTk 2 3 10 16 28 40 60
- ERTAOYIH AR

— ZRZEMZ, SEIIzARDHTHE

— JOYIRE X 2=GPUT INM RAEYBRE

—x, Y, 2R ETHEEENTA—AF




TURZILDAYX T DaxiEit
e TRETEDRZE (Demmelsd. HRKETDH)
— B : &7 Av I ERMZAMIBINS &

- JAwY,

l Step1 Step 2

Reuses results of “previous” block

BEH DI TR IZKY. BEFIH 1 XHIR

[Jin,Endo,Matsuoka 13]

v/» N

>

Buffer size Buffer size

e GPUN—RILIATL O RAEZFIAL2stepH it E
—DOFY . ZE'EOTURIILTAVXS




=11t TBRR D T RE

3D 7point stencil on a M2050 GPU

—-2-1D-P-2TBM(AsSHES) ——1D-2TBM(HOKKE) 1D-2T —-1D-T ——Naive

[GFlops]
120 o 116.25 114.46
11U oo 109.39
105.63 104.58 10592 98.66
100 =701.95 104.1 206 87.18
97.12 80.41

“{
80 67.45 768 72.6773.02 {5-.16
54.34 ) /_L )
60

//5:5??3'3 63"759.26 5757 . 41.62

40 49.57

20 \

UUUUU 29.26
\ﬁ9 3.85 3.96 2.81 : : 4.13
D I - __I - I * I I I

240 480 720 960 1200 1440 1680 1920 2160
size of each dimension in single precision (float) format.

41.69

» BBEIETBIRTIX, T/AM RAAEYRED271% DB
H A X (ARE)E. F=21="30%DA —/\~NyFTEHE 1




WAL TBARDF 1 —=—2 T INTA—4

B—ﬁk
mm
HETB

muE1ETB 3 8 16 30 42 64 90

« MEFFHIRICEST, T&KYKREZFLKIIZFELESTLNS
o =1L, LKL TEDIKRETNIXRULNVDITTIEA LY
o kKIWRKETELLEDFENEDLDLODI=OHD /NI 7
H A XEEINTLS



< JLFGPU/RILTF/—Fhé

TFoRIIILTavxy
c BEDATUVILETE TIL:
— &{KREIEZT&GPUIZH E
— HERATYI T LI HEEEEEMPLHRIE

* GPU<CPU <CPU < GPU

////// | FURSLIOELTIRTIE ?

MPIE{E[

L
4
¥ I“
4

o BGPUMED/NTOVIDESTIL.
RAKATYITRELSD

SKkATYITHEZIZMPHEIET ALH
LD D ? #HEEEEKE T LRI
TEHM. AREFAENFIEZ S




MREAEFANLGLN2D- 1D E|DIRE

[Clusterl3]

. X)L?GPU//—PFaﬁ’Glixvjirﬂ
Eﬂ

- JOvFx T IFzARDE

= ZMPI7AtLXI(FzAMRIZFIEAL

TEWTREY. BRATYTRIEZT
..

| | = TR HEHL
TSUBAME2.0_E M Weak scalability
6.3GB per GPU (> 3GB)
s 256GPUER TRIFGA
= 20 . =)0 0
< 15 ~ e 21TFlops
T 10 * 13TB/s
& s  1.6TB (>3GBx256)
0 Z~120kWCEH

0 100 200 300
# of GPUs



CCETHDFEREDFBIER

e GPUT7 Y tESL—ARIZ /O THRELATYREER
REIZXILT. BATER L7 I3 X LIZwZE
— Ty aeAEl)
— GPUAEYSRARAE!Y
— TRARAE! & FlashATE!)
« ATUVIEEIZEWTIK., TURIILTOvEUS
BLU. TRETEZHIB T AmBEIENEE
e LAOWLEMNL, OSSR Fa—20F AR
MIEKIC
— BT —TEE
— E#LTTOVIEROHFL
SEIRTIXTRRTUOVILAR O FI—T 1 0o E
— BFTYAES%AL ? ASUCA, LBM, NICAM - - -




¢ X%DV)LA

EITHROF7I7O—F

IDSLANTBD $H A+ 3A -

— Physis: A forall-type DSL for stencil computations (&

1y

A.1sc11)

— FSURL—EZMNTBO—F AL

— §CIZMPITEER SN TS T T IZIFEE
e AE

— B NS L BIL—THEET A (JAISTIE )

AT HEKDIC

Y

R G AT LY Iz T EBRETTY)
EDHE
— AEYRIYTS584 L HHRT((E ).

DLM/FLMalloc( 2 #%)11)

- BFETITIANDEBRZDNINSKTEDN?



HHRT/MC: A& PEEZFIFARIgEL
G OIRALTATT)
Hybrid-Hierarchical RunTime on MPI + CUDA
o /FT B
— MP| + CUDATE RSN =BEILFTOT S LN, &
INNEDZERBIZTEMET S
- MEFTCTHEIKOMNIEETA..
—RETALEX(VP)IZLBGPUNDZEL
— AT THEREICKY ., [RWVAEY FEIEZ R R REIC
o« TINARAEY - RAMAEYDFERE, IF3EFusionlOd
o MFLILLVD:
- FHLWITOT ST ETILPDSLORETIHARL
— SR LB ENBER LZFITO0 T TIEAEL




HHRT/MCDZEITETIL (1)

BEE DOMPI+CUDAEITETIL

CLU

AR/ —F T )N ZAEN) TINARAEY
idaMemcpyll MpLE{ | HENE
. G ——y < .
MPIT ET 42X RANAEY RARAE

HHRT/MCDE{TET /L

AR/ —F 2z

>

RARAE!)




HHRT/MCDZEITETIL (2)

V\D RARAE!)

- MIBQHEAIIREIOEX(VP)

o HEVPHAIGPUEZHEF(ZEL)
— BVPOFIAAEYIE, TINARAEYRIZINFESZ EERIIR

¢ VPIZ. BEE—FFLIZIATYITT7TIRE—FDOLTH
MM B
— RAIYTTorEINEE, FIBEFAEYIFHRARAEYA
— DFY AR—JEFGORITYITTIEEL, VPEEDR TS
— REl. MPIBEFLDELEZIZRAIVTITZIRENSS




HHRT L DB X TV ILETE

RARSTINAR

/

BERIL—T

N

HERFE

BREMPILEE

\

&

TINA R=RRAR

HHRT/MCLETIZ. Hh7a4 7A75\F((i
X)ZDEETHE]. [ KBE=XTIE ] ATRE

o ETHFICVPEIZIRELT,

ZVPDIB L EE < T INARAAERY P A XIZ

9 51T
f=f=L. E—GPUfEI D VPT&H > TEHLMPI
BEIARXNEIIANS

¢« MPIREDEZEIZ. CHoFYRITYTTY
KM Z-TLVS




RARBEETHEIK(T=TZL:ELY)

e TSUBAME2.0_LMTesla M2050 GPUZ1GPUF| B

* CUDAS.0

* 3DIARMEEBITIRATUVILZET

NURa—F U5 R HHRT/MCL D4 #E

120 120
7100 - % 100

()] ()
i 80 = 80
60 4 60 ‘—\\
%40 FIARAEYER | [ 40 TINARAAEYEE

0 I 0 | ;ﬁ

0 B W4 X

PIFY)

= AT T [A] £ 3

2000 0 200 —n4%% 1500
XVPHI(Z EE) 3416 TRDLOERER

ZiTEDHAEHENBE



HHRT L COToRII)ILT7Avx ST

NDEE

« BVP=/\2RO—T42TRO/NJTOvY

e BFEMPLEEZKATYI(Z1[E
— kATvTIZ1[E

A

TORIICERE

D HBISHHN;

2 US5B5=2kR Ty T2

DHVPIIRITVITTHRENSS



ToRZILTAYX O EAIZHFES

NRa—F712

BRI IL—T
|

|
RRAR2T/INAR
|

HEREE

I
FINARHRRR
|
BREMPIAE

A—HJTOTSLER

e

B4

— = REHEITP !

=

COBVDEZRZ THN
i [ BAEDRTTITHLMTS

/ N
o eEEIL—T

FEE (L 2N\ SBE T TR s

RT/MCL

RAMSTINA R

/

By JL—7 (4%)

N\
Nt/k[g] :

/

BRL—T(A) )., |

| L
-

e qElE £

1/klZ

).

L7zLy--- KE]
ERETR
& RETH | e
(TREHEET) | — IERESD)
I i BEREMPLEE L
( Jo | l
' | C R EMPIE(E
TINA AR 5 I I
1 i TINA A=K {
HEREMPIES l
C | = 2w TsEE | T/ MASHRE
C } Z1/kI




— (@ J— N\ W R N
TURZILIAYFT T D4 |E
e Tesla M2050Z1GPURALY, 3DAL ARFEE C7TR R TV IL
o TOVIERBKIZDOWTIE, BFEHBDINTGA—FRAL—T KYRE

50 NRA—T 4T o HHRT/MCE D RE
= 100 W\\ 2 100
Q. Q.
= 80 ar 2 80
9 Q —
1 60 1 60 --NoTB |[-
Ioi'l'l.gl 40 ——No TB A :fﬂ.ﬂ 40 \ -==TB -
N~ TB N
# 20 o ﬁ? # 20
-4—-TB+Opt ’ | |
0 l l 0 %:—-:_—:Kﬁ
0 1000 2000 0 51%? 1000
SO — DY (X RO —DH A X

 HHRTEB B D4EE 75“&7““3&&0)%1’&7(

o N\UROA—T AU RTIEAIREZ>T-&%

— RETEHIFR. kEMPIE

’iﬁf’tﬂ)ﬁ_ﬂ:l—_/7



ESPERTIES

* Adaptive MPIl on Charm++ [Huang 03]
— Charm++: fIFIE M FNA T O IR AT L
- BEEMPIT OS5 L%, CPUSELSED
— TNEHENARUEEBZZEL-HDTIEGEN
— BT EREDA—/\ZVT BB R 28R, THEFE...
> HHRTCH LEEDFI R ZEFHRATEL LA

e Physis [AL1HU11]
— WHRTUVILETED =8 DDSL, ForallFA T
— BET7II)NT TIZHAIGE L., PhysisFA TIZEZTELHE
— PhysisRIZEATER EBGEZ A AT DIXHFE

« Communication Avoiding Algorithm [Demmel% JL—7]
— BROFEIZOWT, T2 FEIE - B4R £ DA
— CAQR7 LT X Ls
- TURIILITAYF T DEHEE




~ -
sHYIZ
. l)/‘%'l{\g_vr'—)bli'nﬁ%ﬁl:é:t)\ SHREEARBEYAXESEETETH
— k7 2IZ
o« ZIANVALVARTLYITNDIT 7—XTIF¥IZFE=HI>T=co-
desighiHE = EMILI 57— 7ITJUVUXLEOBENFa1—
=0 ~NDEAF

. Comm Avoiding | = ==
' FILTYR L s
e g amAN 11

— HMC-NVRAMAE T —FF 9 F v RBADEH D T4 —K /S 2

- BFEREDOBEL - /=B &Y T T 22— av R BEAD
14—\

— TSUBAME3.0ZEERARRAZ /RO DT HA U ADT(—KI1\v5

35












KD EEDEEEEE
« TSUBAME2D1~2./—KFI|FH

* InfiniBand 4xQDR — 7 (¥ :H{E8GB/s)
* OpenMPI 1.6.3

/—F /J—KHE
5000 5000
84000 | —e=pHRT LT R E——— | = Saluliniali
= =
53000 S3000 g opennipl /
i‘izooo ,i'izooo ,.J
,)1000 )1000 M
0 0
1 10 100 1000 10000 100000 1 10 100 1000 10000 100000

Ayt—H 4 X (KB) Iyt—IH A X (KB)

FLEFEFEEEDORRIILE




AIvyTDIL—IL

VPald. FEEDWI AN KYILDESRATYTT
YhEN . ATV T FYIRE—RIZHES

e VPaAMPIEAEZHFUHLTIOYILT - && 54 (#)
e VP ah HH_yield)ZFEUH LT- && 54 (#)
* VP ahScudaMalloc()FZHEUHL., M OAE) A EBZERAN

i #H): VP akBl—GPUZHEFE T BHVPDIH, ATYT Tk
E—FIZHY . A DEITRIBELVPHITFETET S,

DNEIZ, TREAEIDNZEEMTEIZEEZICTRT Y
JA4 2N, BEE—FICRYETER




HHRT/MCZ RS A TR D ELEE

o« 7TUMSDOMPI, CUDAREUHLET VY
— MPI, CUDABSEIME U LDEIZR Dy T D e[ REMEHY

e HHRT/MCHE L. (KD )MPI, CUDAS A LAPIZELEE T
A FB

e VP =pthreade L TEE
— MPIAYtE— D/ —FRAYE—DRER S G ELELE

) HHRT/MC_L T EITHf
BEETH X
T ) r—,30
TI)Fr—o3y :
MPI CUDA
OS MPI CUDA | pthread
S




IRD Ry T DRI

B#): VPINCNETICHERL=T
INARAE) FEIBZE  RARATE)
~NEBULWHLU, TN AAER) B =
ZZIT5

(1) HHRT/MCAIER TR VPO HELR

RIKOEETHE., BRED
TRLADWERRIEEH-T
LELDS

Lf-fEiE ) A b B IH O
(2) VPRI T LB O

—  cudaMemcpy CREEBOAA 7 RAES

IR ARAE) B

— cudaFreeCTBREZZEIT5 r )J
(3) VPRIV TABF L

— cudaMallocCIHEL B =R

— cudaMemcpy’C%ﬁEtﬁO)W%’ RARAE

ETINARAAEYANEIF



IRIKDRATYTDEEDEIE

« A—HTJOJSLMLRSE. WDDFIZTHATRYFEEHOTER
LANZEHHTLED

s IRTIFA—TDHRIHEEFTERF

— HH_registerDevmem(int id, void *ptr)
cudaMallocERIZFEATELULY, A EYMEEE, I —HDRHEHE

#HIDZER DT

— void *HH_findDevmem(int id)
TFRLANERINSSERDRICIFEATEHELL, BHIDMSTRL

AW



HRHELZIA—FTOTITLAD
% ®

MPI_xx, cudaXxx = HHMPI_xx, HHcudaXxx|Z& R ZE B

main = HHmain

RILEEIZ  threadZ{F(T5
AK!)—L.0=HH_STREAMO
HH_registerDevmem, HH_findDevmem



MPIE{E TE8ED F i 5 1
« TSUBAME2.0D1~2/—KF|F8

* InfiniBand 4xQDR — A (PR {ESGB/s)
* OpenMPI 1.6.3

/—FA /—FHH
5000 5000
94000 24000 .
& —#=HHRT k3 ——HHRT
2] 2]
53000 3000 5 OpenmPi /
5000 E000
L L
,)1000 )1000 M’ !

o
o

1 10 100 1000 10000 100000 1 10 100 1000 10000 100000
Ayt—H 4 X (KB) Iyt—IH A X (KB)

FLEFEFEEEDORRIILE




B R T )LEHE(2)

e SR HHRT/MCLETlE. D705 S LM ([F
/ I N (i)%@ii’(@]%]ﬂﬁ@g*‘lrj_h
— o ETHFICVPEIZIRELT,
& REE KVPNDIE Y4B < T/INA AAEY YA X2
f"é"%llvlpliﬁ{E Téf:(j—
— TN « 1=:L. R—GPURSIDVPTH>TEMPI
\ | & BIEIRMEIMAD
784 R b c MPHBIEDEEIZ. CHoFYRDIYITTYH

KM Z-TLVS



B ATV )ILETE D ERE

e TSUBAME2.0_LMTesla M2050 GPUZ1GPUF| B

* CUDAS.0

* 3DIARMEEBITIRATUVILZET

NRA—FT1UT MR

F00 o

o

w 80

)

1 60

i 40 FRARAE)ER

BK 20 HBALHEMEEET
0

O a@mo®Pyax 200

i FE (GFlops)

=

BK

=
o N
o O

HHRT/MC_L D1 &E

(0)0)
o

0—0\

\ TNAARAEYRE
HAHEMRIET

0 S WS

0 #Eo—adrr PP
XVPHI(Z EE) 3416 TRDLOERER

o))
o

D
o

N
o

« HEITRTUVILDB/ATEDIKEIH EE
- EFTER LLEfTEDOHAEDHOENARE




TUoRIILTAYX T EAITHFES
A—YJa9SLEHR

NRaA—F 15

O BREL—T o4 ).
Nt/k[E] |
BEL—F Vs I N\

| [ mawm—7 |-

y, \ | |
moriEmL—T || = ’
| | RAR=>T/IN(R :
RAR2TFINLR I
| 4 BRSL— (R) \-.i

K[E] E

& REHE ' |

| BREH |
FINARSHRR S (nﬁﬁtﬁam ]
| L | }_: E

1 8 {5 |
RE%I\I/IPIJE‘_ FINAR=KRE |
| EREMPIE(E

-y L | J-__‘:

hﬁ@ﬁ%L ' !
1/klZ

—

N

N

HHRT/ MC_E
RAMSTINA R
|
/
RARD T AR HRL /kg (#%)
/
B IL— EfsIL—F ()
I k@]
Sl &REHE
, (REFHESD)
15 RAMPIE(E '
| |
{ | BERAMPILEE ,
] i
TN A=K { ]--
|
2w THEE FINA RA=THRRE




ToRIILTAYF O B ARFDOMNRE

e Tesla M2050%1GPURALY, 3D AASEIE C7TE ATV
o JOVYFIUTERBKIZDWTIE. BREHED/INTGA—EFRL—TXYRTE

o INURA—=T AR o . HHRT/MCED1EEE

——-No TB

100 ——No 1B [

80 «—TB -

% 40 \
B 20 XNﬂS~*\5\~
S

0 1000 ‘ 2000 0 500 1000 1500
RED—AY (X BEO—DHAX

e TBIZKY., KIFEEDMEREXRIET VT
— TBAL /MR XYEWNERIIRXRDOR—I(ZT

e f=f=L.HHRT/MCLED4gEM EMNEL-FI-FT:
— MEL FEORTYTEIEGEERR, fEHs

[N
o
o

(

-==TB

(0]
o
|

o))

o

B
(o))
o

1R E (GFlops)
S
—
_7
|
11&

4
L

BiK

N
o

{




FoRIILTAyEZ S OaRE

it0
FHOEHOEZ, EMAME, 18 )
btz RICIKRTF . . 000 0+g
g 35680
B % 1 55481502 00 00000
Sadiia 000 wh4 00000
jt0 0 000 00000
0 00000 0000
#1441 1 00 00000 O 00
ONOROI 00000 ONO;
000004 00000 0O
HI I
EEOf-O. &b 57 tR 120 00000 00
ZeFE A A 1 ;°°°°°; ©
_;kikbf: TP, _
ﬁK \L‘Eiij /\L‘ELjZ1 /\L‘ELjZZ
DEH DEH DEH

| > WMIBD TN
= BFFRICERRATYITHE T HE KEFTLT 2L
TRETEMNEKX !
Ty ae AT DMEMNADIGE (Tk=2~812H1,
PCleaRREFERUIVG B[Z[Ek=30~300D HE



ToRZILIOvX ) DixdElt Fik
[€& - =% - ¥ fHokke12, AsHES13]

s BN EEETEDERHERZBIALE-. TE
aTERRE

vyl BTtE
DXART. &7
HRHY

Z LU AR ETHY

HHRT/MCETIZ. IREEFEHEE > SERDERE




M .
a1t hR DT BE
 Tesla M2050%1GPUFRALY, 3D A{AFBIEI C7TR AT IL
o TAVIERHKIZOWTIE. EREDINGA—EZZRL—T KYRTE
NRA—T AT R HHRT/MCL D1 RE

120

120

= 100 TN 2 100 SoEcmUL
Q. 4 \ Q.
o 4 A o
E 80 E 80
_FLPI 60 _l;j 60 \\ -—-NoTB |-
Iiﬂg 40 ——No TB nN :tu'g 40 —«TB B
~— -==TB ﬁ ? e N
B 20 B 20

-4—-TB+Opt } | | Q;‘j_:—_‘:*

0 | | 0 .
0 1000 2000 0 500 1000 1500

SEI D — DY AR RBO—LY (X

c NRFI—TA I CHEERS BRI A AN IR
DT REBELEREARRE
* HHRT/MChRIEERZRIZFIZFT:




CCETOFERED
O—J)LIX. S+ KRB E+SEEN

o TILFGPUTT)D., BIREH A4 XEKRIZILRIEEET S
=812, HHRT/MCS U 24 LEIRE
— GPUT INARAAEY-TRARAEBYBDRIVTIZLKY . KE=
RARAE!ZFIATIEEIC
o« T—RRATAELTIRRTUVILETE
— N\ROA—T4T TlE, SHeEE KRB =DM I A BE
e TILFGPU-/\UROA—T 42T RIZDUNTILCluster2013 THREXFE
— HHRT/MCOFIAIZEY . EEEEZFHITL TSN, S14EE
EDRL—KRATIZDWNTEFRLT-
* HHRT/MCARE L, A—H T O S LM ADHENDHE




« SH.E Z}/‘/)l/77')’\0) A% &
—yyﬁid)ﬁ RIL, T—3E5I
- EHTERSEH

HHRT/MCTI&., BRI —TRYDBETELC D T, B&EL P
W EFEASF

o TURTI(iteration) T AYF I M TELHWNWVT—IHY
— HEQFEDKIIZ, KigreductionL TRRATYTICAWNST
LY R LI(E X




X7 IVr—av~DERAIZAITT
(2)

Asanovich 2k b Motif 2 ¥8 CiEim

$REIET N
(RT2PIL) HZRWEEGERBIRTENH D E X
FRAIEF L EFR
BRITHI-T 52 L EFIHR
{75 ZULBAERL. O

Hetero Linpack(/\>yRa—T 429G &E
FLF KIEATYEHES T —R D ?
ARYDBRIVE-FFT SULES
T TAHILA BFRATDEERSE




ESPERTIES

* Adaptive MPIl on Charm++ [Huang 03]
— Charm++: fIFIE M FNA T O IR AT L
- BEEMPIT OS5 L%, CPUSELSED
— TNEHENARUEEBZZEL-HDTIEGEN
— BT EREDA—/\ZVT BB R 28R, THEFE...
> HHRTCH LEEDFI R ZEFHRATEL LA

e Physis [AL1HU11]
— WHRTUVILETED =8 DDSL, ForallFA T
— BET7II)NT TIZHAIGE L., PhysisFA TIZEZTELHE
— PhysisRIZEATER EBGEZ A AT DIXHFE

« Communication Avoiding Algorithm [Demmel% JL—7]
— BROFEIZOWT, T2 FEIE - B4R £ DA
— CAQR7 LT X Ls
- TURIILITAYF T DEHEE




zMoUL

o] [X. Tz xR IZFE
BiF<I/LFGPUI—F . 77|)_;(7-//)|,
¢« ETJL:MPI+CUDA

+ e AT L:GPUYTARAE
5 At A b B fil e XAFE!):GDDR+DDR
+ JFE., RRAMREAZ— LRI
2Ty TR ES AL L | (TR R RIREE 20 It

PGAS, OpenACC,
Xeon Phi, ;N.FACPU,
E:E;ﬁ Flash, HMC, ReRAM...

G-

S RE+KZ

A=y
*E e

)



