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Example of XMP programming in C

int a[MAX], sum = O; A
#pragma me nOdeS p[*] (ﬁ%ﬁ@aﬁuwﬁﬁ @E?Ua[]%

#pragma xmp template t(MAX] — ﬂ'@%&/ —RE70v 7%%]3‘5)
#pragma xmp distribute t[block] onto p
#pragma xmp align a[i] with t[i]

#pragma xmp loop on t[i] reduction(+:sum)

for(int1 = O; i <MAX; i++){ Ny
6] = fooli) L—T X D5 & EHRHE ]

sum += alil;

FIERE VIR %=
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Example of XMP programming in F

integer :: a(MAX), sum =0 e o A
I$xmp nodes p(*) (’3 iﬁl@ﬂ’iﬂ?m_@i. @375_”?&%
I$xmp template t(MAX) — 1%i?:zzéz/ —RICT0v 9% %IJ@“%)

1I$xmp distribute t(block) onto p
I$xmp align a(i) with t(i)

1$xmp loop on t(i) reduction(+:sum)

doi=1, MAX =
A L—TXDHE E EHIRE ]

sum = sum + af(i)
enddo
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XMP & MPI & O L #

XMP MPI
int array[MAX], res = 0; int array[MAX], res = 0;
#pragma xmp nodes p[*]
#pragma xmp template t{{MAX] int main(int argc, char **argv){
#pragma xmp distribute t[block] onto p MPI_Init(&argc, &argv);
#pragma xmp align array[i] with {[i] MPI_Comm_rank(MPI_COMM_WORLD, &rank);
MPI_Comm_size(MPI_COMM_WORLD, &size);
int main(){
#pragma xmp loop on t[i] reduction(+:res) int dx = MAX/size;
for (inti=0; 1< MAX; i++){ in llimit = rank * dx;
array[i] = func(i); int ulimit = (rank !'= (size -1))? llimit + dx : MAX;
res += arrayl[i]; int temp_res = 0;
}
return O; for(int i = llimit; i < ulimit; i++){
} array[i] = func(i);
temp_res += array]i];
}
_ —- . MPI_Allreduce(&temp_res, &res, 1, MPI_INT,
DUDFET, ERAA—I% MPI_SUM, MPI_COMM_WORLD):
ﬁ% L7cE K. 3 ’7)-’_”’“_/:—( =5 MPI_Finalize():
return O;
}
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° e — =R-Tiire #pragma xmp nodes p[4]
|00p5|:5/j_\juj:forjzd)l—ﬁu = #pragma xmp template t[16]

EUNE IS #pragma xmp distribute t[block] onto p
int a[l6];
#pragma xmp align a[i] with t[1]

#pragma xmp loop on t[1]
for(int 1=0;1<16;1++){
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loopIETRX

e |OOPTEZI_—\§C((ZJ:]COF§C@IEE¥MC #pragma xmp nodes p[4]

AT %

#pragma xmp template t[16]
#pragma xmp distribute t[block] onto p
int a[l6];

#pragma xmp loop on t[1i]
for(int 1=2;1<11;1++){

#pragma xmp align a[i] with t[1]

a[10]

p[O.
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#pragma xmp nodes p[4][2]

#pragma xmp template t[20][20]

#pragma xmp distribute t[block][block] onto p
int a[20][20];

#pragma xmp align ali][j] with t[i][j]

#pragma xmp loop on t[i](j]
for(int i=0;i<20;i++){
for(int j=0;j<20;j++){
ali](j] = func(i, j);
}
}

I$xmp nodes p(2,4)

I$xmp template t(20,20)

I$xmp distribute t(block,block) onto p
integer :: a(20,20);

I$xmp align a(j,i) with t(j,i)

I1$xmp loop on t(j, i)
do i=1, 20
do j=1, 20
a(j,i) = func(j,i)
end do
end do




XMP3§73 + OpenMPi§ RN

C] F]
#pragma xmp loop on t[i] I$xmp loop on (i)
#pragma omp parallel for I$omp parallel do
for(int i=0;i<20;i++){ do i=1, 20
ali] =i; a(i) =i
} end do
I$omp end parallel do
C] F]
#pragma omp parallel for ISomp parallel do
#pragma xmp loop on t[i] 1$xmp loop on t(i)
for(int i=0;i<20;i++){ doi=1, 20
ali] =i; a(i) =i
} end do
I$omp end parallel do

BERXDIERIE, E55MTETHEDRN




bcastiE "X &reductionig Ry

® bcastigs~"X
o &/ —KNIZEEOO—ANINEHZRXT 5 (MPI BcastlctE)

C] F]
#pragma xmp bcast (b) I$xmp bcast (b)
#pragma xmp bcast (b) from p[2] I$xmp bcast (b) from p(3)

® reductionfig =X

o J— KICEMIMEE TS (MPLAlreducelc i) ' ' ' '

[C] | #pragma xmp reduction (+:b) oatal [oatal [DATA

N

[F] I$xmp reduction (+:b) DATA




gmoveig "X

o NEECHIICK T BEIE
o NHEINDHZERMNED ./ —RPFE>TVNBHEHMSHL TEN

#pragma xXmp gmove [C]
al2:4] = b[3:4]; array-namel[ base : length 1;
01234 5 067 012 34 5 06 7
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gmoveig "X

o NEECHIICK T BEIE
o NHEINDHZERMNED ./ —RPFE>TVNBHEHMSHL TEN

| $xmp gmove
a(3:6) = b(4:7)

[F]

1 23 456 0 7 8

array-name( base : end )

12 345 06 7 8
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[C] [F]

#fpragma xmp nodes p[3] 1$xmp nodes p(3)

#ipragma xmp template t[9] 1$xmp template t(9)

#pragma xmp distribute t[block] onto p I$xmp distribute t(block) onto p
int a[9]; integer = a(9? | |
#pragma xmp align a[i1] with t[1] I$xmp align a(i) with t(1i)
#pragma xmp shadow a[1:1] 1$xmp shadow a(1l:1)

#pragma xmp reflect (a) 1$xmp reflect (a)//

/
lower-bound : upper-bound

shadowig X I&
36E : | : B0 : |- OnDjeress
o[0] p[1] o[2] =BT 5



shadow/reflect}ig "X

o AT VIUINTTIUT— 3V EERT B E S ICTEFGEEEE
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o reflectifsmXIZEEE ./ — KA DImDEZE ./ —RKICIE—9 %

[C] [F]

#pragma xmp nodes p[3] I$xmp nodes p(3)

#pragma xmp template t[9] I$xmp template t(9)

#pragma xmp distribute t[block] onto p I$xmp distribute t(block) onto p
int a[9]; integer :: a(9) |
#pragma xmp align a[i1] with t[1] I$xmp align a(i) with t(1i)
#pragma xmp shadow a[1:1] I$xmp shadow a(l1:1)

#pragma xmp reflect (a) I$xmp reflect CG)//

/
lower-bound : upper-bound
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shadow/reflecti§ "X

[C] [F]
#pragma xmp loop on t[1i] I$xmp loop on t(i)
for(int 1=1;1<9;1++){ do1=2, 8
b[i] = a[1-1] + a[i] + a[i+1]; b(i) = a(i-1) + a(i) + a(i+l)
} end do
P[8] P[1]
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shadow/reflecti§ "X

[C] [F]
#pragma xmp shadow a[l:1] I$xmp shadow a(l:1)
#pragma xmp reflect (a) I$xmp reflect (a)
#pragma xmp loop on t[1i] 1$xmp loop on t(i)
for(int 1=1;1<9;1++){ do1 =2, 8
b[i] = a[i-1] + a[i] + a[i+1]; b(i) = a(i-1) + a(i) + a(i+l)
} end do

reflect
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Coarrayic:% in XMP/C

o Coarraylcx LTt/ — KOs DRAIEE (Put/Get) ZE1TTZES

real a(8) Fortran2008 B
real b(8)[*] b()Zcoarray& LCES

1f(this_image() == 1) then
b(6)[2] = b(4) image 1(& b(4)%Zimage 2D b(6)ICPutd %

a@) = bD—
end if — image 1(3image 20 b(3)% a(0)cGetd 3

double a[8]; XMP/C
double b[8]:[*];

1f(xmpc_this_image() == 1){
blo]:[2] = b[4];
} al@] = b[3]:[2];

XmpcC_
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o XMP/CICEWTEHRDERICWT DREABEDLOIC, ZABHZEA
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[CI i fxmpe._this. image() == 1)1 b[0]-b[4]D5E %k (Fimage 2D

b[10:5]:[2] = b[@:5]; — | b[10]-a[14]lcPut=h 3

:1:[2] = b[:]; .
2%:%[5]];[2] E 1[;][@]; fBeFbDEEXR(Limage 2D #EcHalc

} \ Put=nd

image 2 \ image 1
c[10][10] | * | c[10][10]




Omni Compiler

- 2

Base language (C or Fortan) Base language +
+ XcalableMP directive Backend " Calling runtime —’ Object file
function I
user code (a C) [ Runtime library ] I *
' Omni Compiler y Execution binary

(a.out)

$ xmpcc a.c -0 a.out

 XMPEERXZ&EL1—HI1—KRiE, ZU91MLDOEVCHUICEHRT S

° TVHALIFCEMPITRE (DX DMPINEDILFFERE TEEYT )
o ZiaEnicOd—NKIE, GNU - Intel - PGIIREDRA T« 72/ 5 THIR
° ATV

ﬁ E" al EI O@m Oom;élle '.

(e Manual XcalableMP OpenACC XcalabMCC XeodeML  MaillingList  News  Link

Omni Compiler Project

Crmi com piller is 2 collmztian of programs and libraries that allow users to Buikd code transiormation compilers. Crni Compiler is o translte O and
Fortren programs with XcalableMP end OpenACC dirzctives into peralle’ code sutanle for compding with a natve compier 'nkaa with th2 Omn

h ttpS //O m n |_CO m p | Ie r O rg Compller rurtima librasy. NMoreover, Omni Compiker supoots XcalableACC programming model for eccslerated cluster sysiems. Tha Omrnl comrpiar

prejact is procasded by Programming Erwironment Research Team of FIKEN AICS and HPCS Lab. of University of Taukuha, Janan.
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Overview of algorithm

® Pseudo-code (CG method is used)

S=8B /I COPY WD() is the Wilson-Dirac operator
R=B /[ COPY ,,
X =B /| COPY Dy =6,y — ,{,Z {{1 — %) Uu(#) 04y + (1 4 ’)'ﬂ}l,r’l:(-;z: — [I)J.Y_;}...,}}
sr = norm(S) /l NORM i1 . . .
T =WD(U,X) /l Main Kernel _
S = WD(U.T) // Main Kernel ® Main kernel (most costly)
R=R-S /I AXPY ® - '
A 1 COPY Stencil calculation
rrp = rr = norm(R) /| NORM
do{ _ #pragma xmp reflect (X) width(/periodic/..) orthogonal
T =WD(U,P) /l Main Kernel _|[WD(X, ...):
V = WD(U,T) // Main Kernel SR
pap = dot(V,P) /[ DOT )
cr = rr/pap —) VO'(_j WD(Quark_t X[NT][NZ][NY][NX], ...

X=cr*P+X Il AXPY

R=_cr*V+R 11 AXPY #pragma xmp loop on {[t][Z]

#pragma omp parallel for collapse(4)

rr =_norm(R) /I NORM for(int t=0:t<NT:t++)

Ok = rr/rrp for(int z=0;z<NZ;z++)

P = bk * P /I SCAL For(int =0y <MYy ++)
5; Pr: R ITAXPY for(int x=0;x<NX;x++){

while(rr/sr > 1.E-16)




reflect§ "X

#pragma xmp reflect (a)

s

#pragma xmp reflect (a) orthogonal

—
(orthogonal (=& H)

#pragma xmp reflect (a) width(/periodic/1, ..) ¥
orthogonal

2



Performance Evaluation on cluster

® Qakforest-PACS and COMA

® One process per compute node on Oakforest-PACS

® Two processes per compute node on COMA because it has two CPU sockets

® Problem size is (32,32,32,32) as (NT,NZ,NY,NX) with strong scaling

PACS
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Performance Evaluation

® QOakforest-PACS e COMA
1800 1000
—~ B Intel compiler
Q. 1350 1 Omni compiler 750
T
&)
Q900 500
C
©
= A
Q 450 250
I o
: 1 1 :
o}
— Y @
1 2 4 8 16 32 64 128 256 1 2 4 8 16 32 64 128 256
Number of processes Number of processes

Performances of Omni compiler achieve 94 - 105% of those of Intel compiler.



Productivity Evaluation

® Source lines of codes (SLOC)

B OpenMP [} XMP+OpenMP
(Base code) g \ipj+OpenMP

1000

750 l I
Almost the same
500 I

250

® Delta SLOC How many lines the code changed
from a base code to a parallel code

180
34% reduce B Modification
O ngn
(118/178) / M Addition
135 — Quantitative

4

Qualitative |

While most of 114 lines |
in XMP+OpenMP is the
insertion of XMP
directives,

125 in MPI+OpenMP is a
creation of new functions
for communication.

-

90

45

It is easier to develop a
parallel application in
XMP+OpenMP than

XMP MPI
+ +
OpenMP OpenMP  MPI+OpenMP
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