%
&@& %ﬁqjo]%}ukuba EEUNE:‘SJE Tgi
BSis X EHPCE A2 jn s
RART2KTAS 4k
EHRE
= A
RRKRF STERFMREF—

B—f‘ﬁlﬁﬁ tRIHPC & 5

AR - AR &



JCAHPC Ly — . FH26510A21 5
Haiﬁlﬁul_ﬁ AN |E.I H PC*.-l—.\ﬁ%}ij =374

mFcimE RHPC EHHERIE. REKXKEMHIFvUNADRFE KR FIEHRELRE
U A—RIZ. ARKFFERNERARE LA —EHRRFFERER A
—DEEEDHEBENPIDELSOTERITTHAR—/N\—aVE2—32V AT LA
FREL,. REMD KBRS RS EREBEEE - EEITH-O DMk

AR EE -G AL TCEETLHEIZLY ., RO ERIZEHEAEL.
EAEDEMBRUVEZHMDOIREIZF S

ERE25F38 . MERFERERREFL,. HHERF-TERUVFDOHELDT-
ODEEHEZ - THEORRICET H=-00EE -G HHEIZET HIHRE
1% Hifka

AREDTIZ. ARKRFHAERNEAR I —EHRERRFIEHRERE A
—(%. N&xFcimt FIHPC E #8855 2% (JCAHPC : Joint Center for Advanced
High Performance Computing) |Z#ERi&E

RS EEDDETER,



SEimEtERFEXIE
AT R 2T BB P

= 1B FRATERFT
Jix %83 10 1681 157 P

i
s PCHOZRAOY—
T L
s T2KA—T 2 RX—/N
—aAEaA—RTS
ATUR

\IiilkiF)(:ﬁi;

LW N R PPAV S

FR265%10A21H

AIE It 5% OD il L

SedE HA
#F

XIRRMZ

B R AT ER T

B S 15HPC T2kt — 7
(e #h RA—/ ﬁ_—:‘/‘I:":L—@
(Z/\O:\J) 77’(7;X
( (RE. |EEH)
RRKZE FIRKE
R A A FATEREE
iy | ARt 52—

(JCAHPC: Joint Center for Advanced HPC)



JCAHPC

Swiavd) KIREHPCURATLDOMERR

o FEimBR T E A L) —(THRYIAATZ K]

EHPCY AT LEERE
RAEDHPCY AT LDTBAS IO E K. FIAT AR ARV R —
RUNERBEIZEALIITHER T HIE,

NS DHPCORTLDFILGET/ 00 —THAHAA=—a7%F| A
L. REFDATLEESE

DATLYVIRNDIT DR ELGHB M THAH.0S, TATI35
EE. BESESATSVLGEDF B MEMERHR
s A=—27MEITOHOSH—=+JL McKernel

s A-—OF7MEIFTTATSIVSF EEE XcalableMP
= O, BRETH. ...

fth D EOEEL AN AR FE

Ll



oo JCAH Pc - Tr26410H21H

7_jF 7 7 y JVﬂ?E*ﬁﬁi

Hierarchical Storage =
System




JCAHPC . - TH264F10F 218
ARtk (BERABE. EAFZRHEENL)

(3) FH/—FORNACPUIEZHDOFERECPUIT DA —aAT7 7 —FTIF ¥
I2&DEDT. ETHOCPUTT [FN—FD 7 HBARIHBICEYBEICE RSN D
Z&

4) B/—FOCPUTTIEH—T—FTIF v THY. 64E VMRS F=IA32T7 —
FTOFVICEILDTHAIE, BEMEREIRECPUD A TR SN . EN LS D
HENNEREMEREEF(IF-GNIE,

(5) B/—FOE—VEFMEEE3.0 TFLOPS(EHEEZFH/NER) LLETHSZE

(9) &/—+ZHEEITSEMEEEERERIILUTOLIIGHEEREZE DL £
/—RE2~BBEDTIL—TIZHREIL. BT IL—THDE/—FIETILN1tH3
VINURIEDRYR ) —ITIRESINDZE, T IIL—TRIZDWTIZT IL—T R/ A
573 NV RIED20%LL ED/INA S a3V NV RiEEEDI L,

BERE=L. 4MW



J c AH Pc . . — s sa o s FH26510H21H
VATLDTHAURAMD)

PO)? Dt‘}"j’@ :.I:R KENERSC, Coriv AT L

o )‘:—:IT o /—RiEE3~35TFET BE.
2K MEEIEHI30PF
E AR 20165 [E
u ;E*; CPU Architecture Knights Landing
o Brﬁ“ﬁ?’{]%ﬁ: Peak Performance | 3TF/Nodekl t
« PE (???) Number of Node | 9,300 Nodell E
« B 4MW 7 |/0 Bandwidth 400 GB/seckl E
s BAEELTIE. 20~30PF PRGN storage 28 P
| Price 70 MS (7012M)

NERSC Signs Deal for the Next-Generation Supercomputer

NER SC has signed a $70 million contract with Cray Inc.

for its fo *th comi g )(C supercomputer, which is slate
fo dell 0 he new Computati

and Th | under constructio

Lab. Th Il be named "Co

bioche d Nobel reate Ge Cori (left
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COMA (PACS-IX)

RERZHEREME 2D ER265F48 KYERAZRAIBT X —/N\—a2Ea—4
VAT L (HA-PACSEFEITLTEHH)
SRR ERSEFIRSEE TRIZ9&ETHHPCIOEEZEFIAXZE -BEEFILRKD
F=ODHZRABIEFTI(CERR24EEHIEFTHE) TEE
JCAHPCU R T LD /NAOYF AT L
T2K-TsukubaD &M TS5V T+ — L
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» STE/—FLACPU + A=—a77atvYy
(Xeon Phi, MIC)
=« CPU x 2: Intel Xeon E5-2670v2
=« MIC x 2: Intel Xeon Phi 7110P

= Memory: CPU=64GB MIC=16GB
=« Network: IB FDR Full-bisection b/w Fat Tree

= /—F%: 393

« E—214%8E: CPU=157.2 TFlops
MIC=843.8 TFlops

TOTAL: 1001 TFlops = 1.001 PFLOPS

O RAT LRSS —: Cray Inc.
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B KFEDOXeon PhivS5 R4
s A=—2O7F7Xeon PhiQL AT LYIFOITT7DRH. Iiﬁbnﬂﬁ

= —

SGI Rackable C2110G-RP5

Intel Xeon E5-2670 v2 x 2 socket
(lvyBridge-EP, 2.5GHz 10 core) x2

DDR3-1600 128 GB
Intel Xeon Phi 5110P 8GB
32

Mellanox InfiniBand FDR
(Connect X-3)
Full bisection

12.8 TFlops + 32.4 TFlops k o
/—k NEC LX104Re-G
CPU Intel Xeon E5-2680 v2 x 2 socket
(IvyBridge—EP, 2.8GHz 10 core) x2
*E) DDR3-1866 64 GB
MIC Intel Xeon Phi 5110P 8GB
/—F# 64

42339k  InfiniBand FDR x2
(Mellanox Connect-IB 2port),
Full bisection

AL—2 DDN SFA7700, 96 TByte

E—2148E  28.6 TFlops + 64.7 TFlops
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XcalableMP on Xeon Phi

s HE. FREKRDHPCSHIZEZE(ZH LT, XcalableMPALIE 2 (D Xeon
Phi (KNCO)ANDERET-EEZHESH TS,

« AZ—OF7TIlE, / I~“0):|775“§L\7‘:&)(Xeon Phid 15 & 1£60).
MPI+OpenMP0)Hybrid7°l:l7‘35)7‘75§LZ\2E(:72£U\ 2ENTATSIVTD
AR EL%E S, XcalalableMPIZ&kY ., 12O T7AY 53V ETILT, h/N—
TE5,

s SR LENEHIZT—RIZT IR BIETEALIIZHRETTHIEIZLY
E—OETILVTCRT—FTI)VEEENEE,

» ZRAT7CORMMEZEHATOTIIVTETILORIE

» BRI E CHANGETE/NI—2THAHARTUVILGTEZ X
RIZ. FHMHEER
« CCGrid2014T. %X (by thFHSA@RIKK &Intel)
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XcalableMP(XMP) nttp://www.xcalablemp.org X =oeMP

= What's XcalableMP (XMP for short)?

= A PGAS programming model and language for
distributed memory , proposed by XMP Spec WG

= XMP Spec WG is a special interest group to design
and draft the specification of XcalableMP language.

It is now organized under PC Cluster Consortium,

Japan. Mainly active in Japan, but open for
everybody.

= Project status (as of Nov. 2013)

= XMP Spec Version 1.2 is available at XMP site.
new features: mixed OpenMP and OpenACC,
libraries for collective communications.

= Reference implementation by U. Tsukuba and Riken
AICS: Version 0.7 (C and Fortran90) is
available for PC clusters, Cray XT and K computer.
Source-to- Source compiler to code with the
runtime on top of MPI and GasNet.

XcalableMP ’G

XMP provides a global
view for data parallel
program in PGAS model

chapei

Automati m
3

Herallelizatjon

Possiblity of Performance tuning

Programming cost

= Language Features

= Directive-based language extensions for Fortran
and C for PGAS model
= Global view programming with global-view
distributed data structures for data parallelism
= SPMD execution model as MPI
= pragmas for data distribution of global array.
= Work mapping constructs to map works and
iteration with affinity to data explicitly.
= Rich communication and sync directives such as
“gmove” and “shadow”.
= Many concepts are inherited from HPF
« Co-array feature of CAF is adopted as a part of the

language spec for local view programming (also
defined in C).

int array[YMAX][XMAX]; Code example
#pragma xmp nodes p(4)
#pragma xmp template t(YMAX)

data distribution
#pragma xmp distribute t(block) on p
#pragma xmp align array[i][*] to t(i)

main(){
inti, j, res;
res =0;

’ add to the serial code : incremental parallelization ‘

#pragma xmp loop on t(i) reduction(+:res)
for(i =0; i <10; i++)
for(j = 0; j < 10; j++){
array[i][j] = func(i, j);
res += array[i][jl;
}
}

work sharing and data synchronization




OpenMP Laplace Benchmark

48

49 #pragma omp parallel private (k,x,V)

50 {

51 for(k = 0; k < NITER; k++) {

52 /* old <- new */

53 #pragma omp for

54 for(x = 1; x <= XSIZE; x++)

55 for(y = 1; y <= YSIZE; y++)

56 uu[x] [y] = ulx][y]l;

57 /* update */

58 #pragma omp for

59 for(x = 1; x <= XSIZE; x++)

00 for(y = 1; y <= YSIZE; y++)

61 u[x] [y] = (uu[x-1][y] + uulx+1][y]
+ uu[x][y-1] + uulx][y+1])/4.0;

62 }

63 }

FER265E10821H @.
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Laplace Result OpenMP vs MPI on Phi
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XMP version of Laplace Benchmark

16 double u[XSIZE][YSIZE], uul[XSIZE][YSIZE];

19 #pragma xmp nodes p (*)

20 #pragma xmp template t(0:(10000)-1)

21 #pragma xmp distribute t(block) onto p
22 #pragma xmp align ulj][*] with t(3)

23 #pragma xmp align uulj][*] with t(J)
24 f#pragma xmp shadow uul[l][0]

86 /* old <- new */

87 #pragma xmp loop (x) on t(x)

88 for(x = 1; x < XSIZE-1; x++)
89 for(y = 1; y < YSIZE-1; y++)
90 uulx] [yl = ulx][yl;

91

92 j#pragma xmp reflect (uu)

93

94 /* update */

95 #pragma xmp loop (x) on t(x)

96 for(x = 1; x < XSIZE-1; x++)
97 for(y = 1; y < YSIZE-1; y++)
98 ulx][y]l] = (uu[x-1]1[y] + uwu[x+1][y] + uulx][y-1] + uulx][y+1])/4.0;

ER265E10821H @'



Ghost region update using MPI sendrecv

(1) Pack

LOW_BUF
HIGH_BUF

(2) Exchange

(3) Unpack

e I I

FER265E10821H @'



Ghost region update using MPI sendrecv

(1) Pack

LOW_BUF
HIGH_BUF

(2) Exchange

(3) Unpack

e I

FER265E10821H @n



XMP Global Array Allocation

PO P1 P2

Process Variables Variables Variables

Comm Bl".‘lf ,."

:! — “\ :: \‘\\
A 17 A
omer I:I I:I g
Memory %% 2% .
I i i Vi
0 n-1,n

n-1,n 2n-1,2n 2n-1,2n 3n-1,3n
Global Array

FER265E10821H @u



Ghost region update on SHM

LOW_ A -
BUF

HI_
BUF
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Laplace 1D Benchmark Results
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2D Distribution Himeno Benchmark

82 static float pl[257]([257][513];

83 static float a[4][257][257][513], b[31[257]1[257][513],
84 c[31[2571[257]11[5131];

85 static float bnd[257]1[257][513];

86 static float wrkl1l[257][257][513], wrk2[257][257][513];
87

88 #pragma xmp nodes n(6,10)

89 #pragma xmp template t(0:512,0:256,0:256)

90 #pragma xmp distribute t(*,block, block) onto n

91 #pragma xmp align [1i][3][*] with t(*, j, 1) :: p,bnd,wrkl,wrk2
92 #pragma xmp align [*][i][j]1[*] with t(*, 3, 1) :: a,b,c

93 #pragma xmp shadow p[1l][1][0]

231 #pragma xmp reflect (p)
232 #pragma xmp loop(i,j) on t(*,j,1) reduction (+:gosa)

233 for(i=1 ; i<imax-1 ; i++)

234 for(j=1 ; j<jmax-1 ; Jj++)

235 for(k 1 ,; k<kmax-1 ; k++){

236 = al0][1]1[J)[k] * pli+1][3 1[k ]
237 + alll[i][31[k] * pli 1[3+11[k ]
238 + alz2][1]1[311k] * pli 103 1[k+1]
239

+ DIOT[4][3] (K] *

ER265E10821H @“




Himeno Benchmark Results
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= Our overall performance advantage against OpenMP is

16.8 % for Lap1D and 13.8 % for Hime2D.

D Blocking Effect of Global Arrays: By dividing global arrays into sub-
arrays detached each others, we could reduce 22.2 % and 27.3 % of CPU
calculation time on Laplace and Himeno respectively.

@ Efficient Ghost Region Exchange: By changing MPI sendrecvs to

direct memory copy on SHM, we could reduce memory traffics about 32.3%
to 44.6% and get the maximum performance gain 62.9 %.

s KNCILX. GG DECANZILND T KNLTD 4 8E
HA%F .
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s RIMUEZEBEENT
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Towards the Next Flagship Machine

Arch: Upscale Flagship Machine
PF | Commodity Cluster
1000 4 | Machine Post K Computer

RIKEN

Soft: Technology Path-
Forward Machine

9 Universities
and National
Laboratories

Manycore architecture
Manycore architecture

O(100K-1M) nodes
100 O(10K) nodes

U. of Tsukuba
U. of Tokyo

10 0o

* PostT2K is a production system operated
by both Tsukuba and Tokyo

U. of Tsukuba + System software and parallel programming

1 U. of Tokyo W language in PostT2K will be employed in a
Kyoto U. & ' part of Post K’s software environment
g g T + Machine resources will be used to develop

9 Universities system software stack in PostK

and National Laboratories

2008 2010 2012 2014 2016 2018 2020

2014/10/15 28
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Thank you for your attention
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