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o MPI+CUDAIC KB 7O 2 IV MNER
o LML, 7OV ZIVINEHLW
® MPITT—4 X ENEIZITV, CUDATEEIFEET (BRO—RKREERLD)

__global__ void kernel(int a[MAX], int llimit, int ulimit)
{..} <«+— Create a new kernel for GPU

int main(int argc, char *argv[]){
MPI_Int(&argc, &argc);
MPI_Comm_rank(MPI_COMM_WORLD, &rank);
MPI_Comm_size(MPI_COMM_WORLD, &size);
dx = MAX/size;
[limit = rank * dx;
ulimit = (rank !'= size-1)? ulimit = llimit + dx : MAX;
kernel <<< N_GRID, N_BLOCK >>> (a, llimit, ulimit);

<«—— Divide data and calculations

MPI_Send(a, ... , MP_COMM_WORLD): s Send and receive local data by using
MPI_Recv(a, ... , MPI_COMM_WORLD, &status); primitive MPI functions

OpenACCHCUDADR LD ICHIAT 2T —RXHH5H, MPID
TATSIVIDHEHLSIEEDLSRL




XcalableACC (XACC)

77t7 L—YRAit5EEXcalableACC (XACC)
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C & Fortranic Xt
XMPZ07%2 2 s icOpenACCIBRX DEEik & 39

XMPIC & > TE ./ — RIS NS EEZWRIC, OpenACCIC
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o XMPFERX & OpenACCIERXITEERNICERERIEH, BifaXMPE
OpenACCOMEEE TR L. HIAEMETE DL DICIXK
o XACC = XMP + OpenACC + XACC extensions

XMP 7S A BALFIEE (MPIDOfS D (CF] )
OpenACC 7t L—YHiIt5IEE (CUDADRI D ICH]A)
XACC extensions 77tz L —4Y B D@ELRE




Xca I a b I e M P (XM P) http://xcalablemp.org

@ VIAY AT LADIZHDI/EIRXN—RADIF|ZE
® C, Fortran, (C++)
® IERX X RIA—NICERE. FABERED T/R—K
® PCUZRYAVY =V P LADMERZRTE

Serial code in C Parallell code in XMP/C
int main(){ int main(){

double a[MAX], res = O; double a[MAX], res = O; [ Data distribution ]
#pragma xmp nodes p[4]
#pragma xmp template t[MAX] V
#pragma xmp distribute t[block] onp
#pragma xmp align a[i] with t[i]

#pragma xmp loop on t[i] reduction(+:res)
for(int i=0; i<MAX; i++) for(int i=0; i<MAX; i++) /\
res += alil; res += a[i];

[Parallelize loop & reduction]




O p e nAC C https://www.openacc.org

® 7T L—YHDIERXN—-ADWSIZE
C

. Fortran, C++
BEAETVIESL—FICATO—R
GPULIAND 7V 5 L —7ICH XL R gE NN R 1R

Serial code in C Parallell code in OpenACC/C
int main(){ int main(){

double a[MAX], res = 0O; double a[MAX], res = 0O;
#pragma acc enter data copyin(a) { Copy data J

J’
2
e
e

#pragma acc parallel loop reduction(+:res)
for(int i=0; i<MAX; i++) for(int i=0; i<MAX; i++) /\
res += a[il; res += ali];

[Parallelize loop & reduction}




XcalableACC (XACC)

® XACCIEOpenACCZHRABULILXMPD 775 L —% iR
© XMP : 7—% DAL T—oINXvEVIRE
® OpenACC : 7775 L—%DHE

Parallell code in XACC/C
int main(){

double a[MAX], res = O;
#pragma xmp nodes p[4]
#pragma xmp template t[MAX]

#pragma xmp distribute t[block] on p 1
#pragma xmp align a[i] with t[i]
#pragma acc enter data copyin(a) 2

#pragma xmp loop on t[i] reduction(+:res) acc
#pragma acc parallel loop reduction(+:res)
for(int i=0; i<MAX; i++)
res += ali];
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XcalableACC (XACC)

® XACCIEOpenACCZHRABULILXMPD 775 L —% iR
© XMP : 7—% DAL T—oINXvEVIRE
® OpenACC : 7775 L—%DHE

Parallell code in XACC/C

int a[N]:[*]; // Declare coarray 1 node #0 node #1
int b[N];
#pragma acc declare create(a, b) 2
Host Host
if(xmpc_this_image() == 0){
#pragma acc host_data use_device(a, b)
al:]:[1] =Db[:]; 3 ACC ACC

}




XcalableACC (XACC)

® XACCIEOpenACCZHRABULILXMPD 775 L —% iR
© XMP : 7—% DAL T—oINXvEVIRE
® OpenACC : 7775 L—%DHE

Parallell code in XACC/C

int a[N]:[*]; // Declare coarray 1 node #0 node #1
int b[N];
#pragma acc declare create(a) 2

Host Host

if(xmpc_this_image() == 0){

#pragma acc host_data use_device(a)
al:]:[1] =Db[:]; 3 S ACC

} 3




XcalableACC (XACC)

® XACCIEOpenACCZHRABULILXMPD 775 L —% iR
© XMP : 7—% DAL T—oINXvEVIRE
® OpenACC : 7775 L—%DHE

Parallell code in XACC/C

int a[N]:[*]; // Declare coarray 1 node #0 node #1
int b[N];
#pragma acc declare create(a) 2

Host Host

if(xmpc_this_image() == 0){

#pragma acc host_data use_device(a)
al:1=b[:]:[1]; 3 LACC | ACC

} 3
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XMP and XACC [EuXE(E.
£NBE, BiEEE RAEELRE
%R IREE 7 IR

<4—Pp XMP
<4 OpenACC
<€4—)P XACC extensions

XACC = XMP + OpenACC + XACC extensions

© XMP : 245/ —KEDRAMXEYRBEDE(E

® OpenACC: AU/ —RADKRRNETFI£ZL—SEDBE

® XACC extensions : 5% /—RKEDO77 €7 L —%YEBELIVRA N E
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double UXSIZE][YSIZE], uu[XSIZE][YSIZE]: 2RICT T o AARER

for(k=0; kK<MAX_ITER; k++)X

for(x=1; x<XSIZE-1; x++)
for(y=1; y<YSIZE-1; y++)
uulx]ly] = ulx]lyl;

for(x=1; x<XSIZE-1; x++)
for(y=1; y<YSIZE-1; y++)
ulx]ly] = (uu[x-1]yl+uu[x+1][y]+
uu[x][y-1]+uu[x][y+1])/4.0;
}// end k

b s o 5 - ——




XcalableACCo7O7 5= 7%l

double U[XSIZE][YSIZE], uu[XSIZE][YSIZE]: 2RIC T T 7AAER
#pragma xmp nodes p[NY][NX]
#pragma xmp template t[YSIZE][XSIZE]
#pragma xmp distribute t[block][block] onto p —— 2RI EECY | & D ERE
#pragma xmp align [j1[i] with t(i,j) :: u, uu
#pragma xmp shadow uu[1][1]

for(k=0; k<MAX_ITER; k++)
#pragma xmp loop (y,x) on t[x][y]

for(x=1; x<XSIZE-1; x++)
for(y=1; y<YSIZE-1; y++)
uu[x]ly] = ulx]lyl;

BeAluudD#AciA

#pragma xmp reflect (uu)
#pragma xmp loop (y,x) on t[x][y]

for(x=1; x<XSIZE-1; x++)
for(y=1; y<YSIZE-1; y++)
ulx]ly] = (uu[x-1]yl+uu[x+1][y]+
uu[x][y-1]+uu[x][y+1])/4.0;
}// end k




XcalableACCo7O7 5= 7%l

double u[XSIZE][YSIZE], uu[XSIZE][YSIZE];
#pragma xmp nodes p[NY][NX]

#pragma xmp template t[YSIZE][XSIZE]
#pragma xmp distribute t[block][block] onto p
#pragma xmp align [j1[i] with t(i,j) :: u, uu
#pragma xmp shadow uu[1][1]

2RICZ T ZAAER

— 2RTTD ALY E D E R

#.bragma acc data copy(u) copyin(uu)

{
for(k=0; ksMAX_ITER; k++)X
#pragma xmp loop (y,x) on t[x][y]
#pragma acc parallel loop collapse(2)
for(x=1; Xx<XSIZE-1; x++)
for(y=1; y<YSIZE-1; y++)
uu[x]ly] = ulx]lyl;

—

NI ZE PO S L—YD
XEY ([CERX

XMPIERX TR LTI —T %
OpenACCIERXHDEL U TALIE

#pragma xmp reflect (uu) acc

#pragma xmp loop (y,x) on t[x][y]
#pragma acc parallel loop collapse(2)
for(x=1; x<XSIZE-1; x++)
for(y=1; y<YSIZE-1; y++)
ulx]ly] = (uu[x-1][y]+uu[x+1][y]+
uu[x][y-1]+uu[x][y+1])/4.0;
}// end k

} // end data

/
/
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XcalableACCo7O7 5= 7%l

double UXSIZE][YSIZE], uu[XSIZE][YSIZE]: 2RICT T o AARER

NI =P O S L—YD
XE ([CERX

#.bragma acc data copy(u) copyin(uu)
{
for(k=0; ksMAX_ITER; k++)X

#pragma acc parallel loop collapse(2) T——1] XMPERXTHORUTIL—T%Z
R eniibagsve = iE 7 OpenACCIERIA S L TR
uu[x]ly] = ulx]ly];

#pragma acc parallel loop collapse(2)
for(x=1; x<XSIZE-1; x++)
for(y=1; y<YSIZE-1; y++)
ulx]ly] = (uu[x-1][y]+uu[x+1][y]+
uu[x][y-1]+uu[x][y+1])/4.0;
}// end k
} // end data




Omni compiler

https://omni-compiler.org

Manual XcalableMP OpenACC XcalabIeACC XcodeML MailingList News Link

ok om piler Prolect
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Omni Compiler Project

Omni compiler is a collection of programs and libraries that allow users to build code transformation compilers. Omni Compiler is to translate C and
Fortran programs with XcalableMP and OpenACC directives into parallel code suitable for compiling with a native compiler linked with the Omni
Compiler runtime library. Moreover, Omni Compiler supports XcalableACC programming model for accelerated cluster systems. The Omni compiler
project is proceeded by Programming Environment Research Team of RIKEN AICS and HPCS Lab. of University of Tsukuba, Japan.

® Source-to-source compiler Deor code Omal compller

® XMP, XACC, OpenACC sasetanquage (o Forn) | [ —0 N
OpenMP (T X i

. ] Translator
® Omni XACC compiler#z{£ 5%, Translated code

OpenACC compilerldfFEdDH D% | Base anguage (G orFortan) |
FIFETRIRE (PG, Cray# &)

® A—TVYV—-RAYT KUY

Backend

—[Runtime Iibrary]
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Execution binary
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Lattice QCD7 7V —>

® HPCH B TCEER I 7V T—3 D12

® QCD (Quantum Chromo-Dynamics : %?r@jj?ﬁﬁ)
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FTRHEEERZEITIL—A Y (BIRF) %=
FIEARGER
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® http://research.kek.jp/people/matufuru/Research/Programs/index.htmi




Declare distributed array

Quark_t vV[NT][NZ][NY][NX];

#pragma xmp template t[NT][NZ]

#pragma xmp nodes p[PT][PZ]

#pragma xmp distribute t[block][block] onto p
#pragma xmp align V[il[j1[*1[*] with t[i][j]
#pragma xmp shadow v[1][1][0][0]

#pragma acc enter data copyin(v)

node p[0][0]

Host

ACC

2RULIAECART Yy RZ2ERL, 74—V D
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node p[O][NZ-1]

Host

ACC




Declare distributed array

Quark_t vV[NT][NZ][NY][NX];

#pragma xmp template t[NT][NZ]

#pragma xmp nodes p[PT][PZ]

#pragma xmp distribute t[block][block] onto p
#pragma xmp align V[il[j1[*1[*] with t[i][j]
#pragma xmp shadow v[1][1][0][0]

#pragma acc enter data copyin(v)

node p[0][0]

g

Host §

ACC

2RULIAECART Yy RZ2ERL, 74—V D
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node p[O][NZ-1]

[

Host

ACC




Declare distributed array

Quark_t vV[NT][NZ][NY][NX];

#pragma xmp template t[NT][NZ]

#pragma xmp nodes p[PT][PZ]

#pragma xmp distribute t[block][block] onto p
#pragma xmp align V[il[j1[*1[*] with t[i][j]
#pragma xmp shadow v[1][1][0][0]

#pragma acc enter data copyin(v)

node p[0][0]

Host

ACC

1. 2R 7A€RJ)y REERL, 7A—0D
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node p[O][NZ-1]

Host

ACC




Neighborhood communication

XMP reflectis "XIc & D, 777 L —% EOWMBEOEHRZTO

#pragma xmp reflect(v) width(/periodic/1:1,/periodic/1:1,0,0) orthogonal acc
WD(..., v); /I Stencil calculation

node p[O][1]

Host

[
+

node p[0][0]

node p[O][NZ-1]

Host S

..

Host




Productivity results
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Performance evaluation environment

HA-PACS/TCAY 2R Y VAT L@ EKZF

CPU/Memory Intel Xeon-E5 2680v2 2.8 GHz / DDR3 SDRAM 128GB 59.7GB/s x 2
GPU/Memory NVIDIA Tesla K20X / GDDR5 6GB 250GB/s x 4
Network InfiniBand Mellanox Connect-X3 4xQDR x 2rails 8GB/s

Eﬂ 64 compute nodes, 256 GPUs

v @ Omni XACC compiler 1.1
mn i © Omni OpenACC compiler 1.1
| o Intel 16.0.2
e CUDA 7.5.18
o MVAPICHZ 2.1
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Performance result

FT—4H A XF32x32x32x32 (T x Zx Y x X axes). @RT—YU >4
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Number of processes (NT x NZ) = GPUs

XACCO A EEIEMPI+OpenACCD 100 - 104% D kgeTH D, MPI+CUDAD
95 - 99% D EEE (MPI+OpenACC <= XACCOEEE < MPI+CUDA)



Discussion for performance result

® XACCOMEENMPI+OpenACCOMHREL D HEM > FLIBHAIE 7
o HEIHDEHICIFIEEREEIRICK T Bpack/unpack hNHE
o XACCIE, ZDEE(IEOmni compilerIDXACCT V5 A LTS
® relfectiE mRXHOBIFNICED T VYA LEZEVOHT

® XACCZVHALIFCUDATHEREINTWBDICX L, MPI+OpenACCOLattice
QCD®pack/unpack D &EFridOpenACCTIERL L TWLW 3

#pragma xmp reflect(v) width(/periodic/1:1,/periodic/1:1,0,0) orthogonal acc
Wilson_Dirac(..., v); // Stencil calculation

node p[O][1]

C ] |

node p[0][0] node p[O][NZ-1]

= | W =)

/ . Y !
‘ I ACC ACC
- t

M

v

Host <




Tightly Coupled Accelerators (TCA)

® Communication architecture based on PCle [1]

technology

® Developed by HA-PACS Project in Univ, of Tsukuba, Japan _____

® Nodes are connected using PCle external cable
through PEACHZ2, which is a TCA interface Board
® Direct, low latency data transfers among

accelerator memories PE2

® No host memory copies
® No MPI software stack

® No protocol conversions

CPU

Mem NIC

Sl PE2 = PEACH2

[1] Toshihiro Hanawa et al. "Tightly Coupled Accelerators Architecture for Minimizing
Communication Latency among Accelerators," in IPDPSW ’13 Proceedings of the 2013



Tightly Coupled Accelerators (TCA)

® Pingpong (PEACHZ v.s. InfiniBand FDR)
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Tightly Coupled Accelerators (TCA)

® JOv YU RAKNZA KEE (PEACH2 v.s. InfiniBand FDR)
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Array size 128x128x256 : Strong scaling, 1GPU/procs

)

w
N
o

! — | I XACC (PEACH2)
£ £ | B OpenACC+MPI (GDR) x2.7 up

N
N
o

M i

P ! @»WZ%’ 1
v ¥ S Vam Yt
B P

@ mg ......................... : W%‘/{L&,‘

HA-PACS, Univ. of Tsukuba
NVIDIA K20X

InfiniBand 4xQDR x 2rails
PCle Gen2 x8 for PEACH?2

MVAPICH-GDR2.0b 0 ..

gcc-4.7, CUDAG.0, Omni 1 2 4 8 16
OpenACC Compiler 0.9b Number of Processes
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Performance (GFlops
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better

e |In XACC, all communication uses the PEACH?2
e PEACHZ2 vs. GPUDirect RDMA over InfiniBand
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o HEY
o FUtEIL—FIUTAYICRITDEEMRL
® XACCOMeEEEEMZFMT 5/=6lc, Lattice QCDI— KDERK
® BE/N\— RV T7THBPEACH2ZFA L f=5H

°® fER
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Thank you for listening
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