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#pragma xmp nodes p(4)

#pragma xmp template t(0:7)

#pragma xmp distribute t(block) onto p
int al[8];

#pragma xmp align ali] with t(i)

int main(){
#pragma xmp loop on t(i)

for(i=0; i<8; i++)
al[il=0;

01 XMPOODOOOOOOOODOOO
Fig. 1 XMP programming and data distribution
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Fig. 5 Execution of workflow in YML
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Fig. 7 Execution of workflow in FP2C
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<?7xml version="1.0">
<component type="abstract" name="add">
<params>
<param name="c" mode="out"type="real">
<param name="a" mode="in" type="real">
<param name="b" mode="in" type="real">
</params>
</component>

02 0O0bOOoooOooobobooboboobooo
Fig. 2 Abstract, which defines an interface of task.

<?xml version="1.0">
<component type="implmentation" name="add"
abstract="add" description="c=a+b">
<impl lang="CXX">
<header>
#include<stdio.h>
</header>
<source>
c=atb;
</source>
</impl>
</component>

03 J00000oooOoooooOooooooooooooo
oooooooOooboo0ooOo0oOoooOoooO0oooo0ooo
oooooooo

Fig. 3 Implementation. Based on this source code and the in-

terface defined in Abstract, an executable is generated.

<?xml version="1.0"7>
<application name="sample">
<params>
<param name="A" mode="in" type="real">

</params>

<graph>

par
compute add(C,A,B);
notify(evtC);

//

wait (evtC);

wait (evtD);

compute add(E,C,D);
endpar

par (i:=1; 10) do
compute hoge(..
enddo
</graph>
</application>

04 000O0O00D0DOOYvetteMLOOOOOOOOOODODODOO
0000000000 (cal)DODDODDODOO (notify, wait)
000 (f)D0000 (par, pardo) DO0OOOOOO

Fig. 4 Application. A workflow is defined in YvetteML, which

provides statements to execute tasks (call), manipulate
evenst (notify, wait), define conditions (if), define par-

allel execution (par, par do), etc.
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<TASK 1>

OpenMP
GPGPU
etc...

<TASK 2> <TASK 3>

for(i=0i<n;i++)}{
fol ++)

<TASK 5>
p| .0;

#pragma xmp loop (k) on t(k)

for(keOsken;ki+){

<TASK 7> tmplilfjl+=(m1[il(k]*m2(K](i]);

)

H

#pragma xmp reduction (+:tmp)
data parallel thread parallel
(XMP) accelerator

Hybrid programming model

06 FpP2cOOO
Fig. 6 Overview of FP2C
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<?xml version="1.0">
<component type="implmentation" name="copy" abstract="copy"
description="copy a matrix">
<impl lang="XMP" nodes="(2,2)">
<templates>
<template name="t" size="100,100" format "block,block" />
</templates>
<distribute>
<param template="t" name="In" size="100,100" />
<param template="t" name="Qut" size="100,100" />
</distribute>
<source>
#pragma xmp loop (j,i) om t(j,i)
for(i=0;i<n;i++){
for(j=0;j<n;j++){
Out [1][31=In[1] [31; nodes nodes
1,01i2,0

Data mapping

}

</source>

</impl>
</component>

nodes | nodes
(1,2)1(2,2)

08 XMpPOODOOOODOOOODOOOO
Fig. 8 XMP implementation code
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<?xml version="1.0">
<component type="implmentation" name="test">
<impl lang="XMP" nodes="(10)">
<distribute>
<param template="t" name="A" size="100"/
</distribute> E
<source>
#pragma xmp loop (i) on t(i)
for(i=0;i<n;i++)
Ali]=0

est.query

#pragma xmp nodes A_nodes(10)

#pragma xmp tempalte A_template(0:99)
#pragma xmp distribute A_template(block) onto
#pragma xmp loop (i) on A_template(i) on A_nodes

omrpc-gen-xmp

Vol.2012-HPC-135 No.11
2012/8/1

Module test;

Globals {

#include <Yml/Worker/worker.h>
Define test(mode_in int dataSize, .... )
{

// pre-processing ..

main_test(n+1,arg);

test.idl /I post-processing ..

}..

extern void main_test(int argc,char **argv);

/* Stub Main program */

int A[100];

#pragma xmp align A[i] with A_template(i) I teSIt.c

int main_test(int argc, char **argv){ xmpcc
[ testo

read_param(&A);

\J/ int main(int argc, char ** argv){
] [ testrex.c ] _XMP_init();
T
mpicc if(__myrank==0) omrpc_stub_INIT(argc,argv);
Vv while(1){
l I test.rex.o __tmp = omrpc_stub_REQ();

for(i=0;i<n;i++)

Wicc
Alil=0

test.rex {

switch(__tmp){
default: goto exit;
case 0: /* test */

main_test(n+1,arg);

09 OooOooooooooOo0o

Fig. 9 Generation of a remote execution program
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0 1 T2K-Tsukuba
Table 1 T2K-Tsukuba

oS Red Hat 4.1.2-14
CPU Opteron “Barcelona” Quad-Core 8000 2.3GHz, 4 sockets (16 core) / node
Memory DDR2 667MHz 32GB (8GB per socket)
Network Inifiniband DDR (4 rails) 8GB/s
Compiler xmpcc-0.5.3, gce-4.1.2, mvapich2-1.4.1-shared
File System Lustre cluster file system

02 BGJOOOOOOO
Table 2 Tasks in the BGJ

task(arg)
genMat(A)
genMatUnit(A)
fillMatrixZero(A)
inversion(A,B)
)

)

)

description

generate a matrix
generate an unit matrix

generate a zero matrix

B=A"!
prodMat(B,A A=AXB
mProdMat(B,A,C C=—(BxA)

prodDiff(B,A,C) C=C— (B x A)
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Table 3 The size of blocks, the number of blocks

and the number of task calls

Name block # of # of
size  blocks calls
GJs12-32 512x512  32x32 34816
GJio24—16 1024x1024  16x16 4608
GJogas—s 2048x2048 8x8 640
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Fig. 16 Timeline for task executions in BGJ. The top, middle and bottom figures are

for GJs12—32, GJ1024—16 and GJ2045_g respective. A whole workflow uses 128

processes.

Each task uses 16 processes.

The horizontal axis shows timeline

(the left is zero and the right is truncated at 1000 sec). The vertical axis shows

computational resources. The boxes show tasks. The black one shows genMat,

fillMatrixZero and genMatUnit.

The yellow one shows inversion, white one

shows prodDiff, blue one shows ProdMat, green one shows mProdMat.
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<?xml version="1.0"7>
<component type="impl" name="prodMat" abstract="prodMat">
<impl lang="XMP" nodes="CPU:(2,2)">
<template>
<template name="t" size="1024,1024" format="block,block">
</template>
<distribute>
<param name="AO" template="t" size="1024,1024" />
<param name="B0" template="t" size="1024,1024" />
</distribute>

par
A[il[j] is initialized at random <header><! [CDATA[
. ] s i saa s . . double A[1024][1024];
B[i][j] is initialized as an unit matrix #pragma xmp align A[*][j] with t(j,*)
endpar double B[1024][1024];
#pragma xmp align B[i] [*] with t(x,i)
par 11></header>

par(k:=0;count-1) <source><! [CDATA[

do #pragma xmp loop (j,i) on t(j,i)
if (k neq 0) then P or(1=051<1024; 114 ’
wait (prodDiffA[k] [k] [k-11); for(j=0;3j<1024;j++){
endif A[i][j]1=A0[i][j1;
compute inversion(A[k] [k],B[k][k]); }}B i1 [31=Bo[i1[3];

notify(bInversed[k] [k]);

# ducti +:A t(*,:
if (k neq count-1) then pragna xmp reduction(+:A) on t(x,:)

par (i:=k+1; count-1) #pragma xmp reduction(+:B) on t(:,*)
do
wait(bInversed[k] [k]); #p?‘g’g? ng<]1-8;Z (i;;} on t(j,1)
compute prodMat (B[k] [k],A[k][i]); RO Ll
notify(prodAl[k] [il); f°§£3,823<1024’3++){
enddo for (k=0;k<1024;k++)
endif x+= (B[i]l [kI1*A[k][j1) ;
wait (bInversedl[k] [k]); }}Ao[i] [31=x;
gar(1:=0;count—1) 11></source>
° </impl>
if (i neq k) then </component>
compute mProdMat (A[i] [k],B[k] [k],B[i] [k]);
gcy;ify(mPrOdB k] [31 [kDD; 011 XMPOOOOOOOD ProdMatOd A0 := B0 x A0
endi
if(k gt i) then Fig. 11 ProdMat A0 := B0 x A0 written in XMP

compute prodMat (B[k] [k],B[k][il);
notify(prodB[k] [i]);
endif
enddo
par(i:= O;count-1)
do
if (i neq k) then
if (k neq count - 1) then
par (j:=k + 1;count-1)
do
wait(prodA[k] [j1);
compute prodDiff (A[il[k]l,A[k][j1,A[i]1[31);
notify(prodDiffA[i] [j][k]);

enddo
endif 16 [ T T T
if (k neq 0) then inversion —+—
par(j:=0;k-1) 14 | prodDiff —x— |
do prodMat
wait (prodB[k] [j1); - 12
compute prodDiff (A[i] [k],B[k][j],B[il1[j1); % 10
enddo © 8
endif 8
endif %)

enddo; enddo; endpar

010 YvetteMLOOOOOOOOOOOOOOOOOOOOO
Fig. 10 A workflow of Block Gauss Jordan Method written in
YvetteML
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Fig. 12 Scalability of tasks. A execution time of each task is

normalized by the case that a task uses 4 core.
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Fig. 14 GJio24—16, 16x16 blocks (block size is 1024x1024)
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