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Programming models for PACS-G

PACS-G C extension for low-level
programing

XcalableMP (subset/extension) +
OpenACC for directive based
programming for stencil apps.

= to make it easy to port existing
codes

Domain-Specific Language (DSL)
and application framework

= e.g. DSL for particle-based apps.

(OpenCL?)

DSL
&

app.

XcalableMP
+

Framework | OpenACC

PACS-G C
extension

PACS-G architecture




PACS-G C extension

C extended for low-level programming of PACS-G SIMD
architecture

extended storage class to specify memory
= global _memory: allocate data in global (module) memory

do_all  statement
= Specify code fragments to be executed in PE

function qualifiers:
= _ global : to allocate frame in PE
m all__ : functions executed in PE

Intrinsic functions: compiled into instructions.

template: index space over PEs
= _ for_all _: parallel loop on template

Host interface library



Template

= template: (virtual) index space over PEs
= idea introduced in HPF and other data parallel lang (also in XMP)
= _ for_all : parallel loop over PEs
__for_all_ (template; Ib1:ubl; Ib2:ub2; ...) statement
= register variables (ix, iy, ... gx, gy,...) gives local/global indices

= also used to describe data transfer between PE and global memory
1024

(A_X, p_Yy) gy

v

—

gx

512

void pg_memCopyG2P_W_2D(int g_a, int g_Idim,
int dx , intdy, _template__ t_id, int p_x, int p_y,
int |_a, int [_Ildim);

g_Ildim



Code example (host code)

#include <stdio.h>
#include <PG_interface.h> PG_memCopy((char *)C,g_c,sizeof(double)*N*M,

#define N 500 PG_memCopyGMemToHost);
#define M 300

// free memory

double A[M][N], B[M][N], C[M][N]; PG_memFree(g_a,PG_GMem);

PG_memFree(g_b,PG_GMem);
main() PG_memFree(g_c,PG_GMem);
{ by

inti, r; intx,y;
void *g_a,*g_b,*g_c;

PG_initialize("test13.exe"); // test4.c note:

. PACS-G proc can
// allocate memory in GM

PG_memAlloc(&g_a,sizeof(double)*N*M,PG_GMem); LD 6 r_naln
PG_memAlloc(&g_b,sizeof(double)*N*M,PG_GMem); program without
PG_memAlloc(&g_c,sizeof(double)*N*M,PG_GMem); hosts

// copy out, input
PG_memCopy(g_a,(char *)A,sizeof(double)*N*M,PG_memCopyHostToGMem);
PG_memCopy(g_b,(char *)B,sizeof(double)*N*M,PG_memCopyHostToGMem);

// call vectAdd on PACS-G ; ;
r = PG_call("matAddGM",N,M,g_a,g_b,g_c); _— invoke a function

if('r){ printf("call is failed¥n™); exit(1); } on PACS-G proc




Code example

#include <stdio.h>
#include <PACS_G.h>

void matAddGM(int n, int m, int *a, int *b, int *c)

{

__template t  tmpl;
int *I_a,*|_b,*l c;
int x_blk_siz, y blk_siz, blk_siz;

tmpl = pg_template2D(0,n-1,0,m-1);
x_blk_siz = pg_templateBlockSize(tmpl,0);
y_blk_siz = pg_templateBlockSize(tmpl,1);
blk_siz = x_blk_siz*y_blk_siz;

| a = (int *)pg_pe_malloc(blk _siz*sizeof(double));
| b = (int *)pg_pe_malloc(blk_siz*sizeof(double));
| ¢ = (int *)pg_pe_malloc(blk_siz*sizeof(double));

pg_memCopyG2P_W_2D(a,n,n,m,tmpl,0,0,I_a,x_blk_siz);
pg_memCopyG2P_W_2D(b,n,n,m,tmpl,0,0,I_b,x_blk_siz);

matAdd(tmpl,n,m,x_blk siz,| _a,l b, c);

pg_memCopyP2G_W_2D(c,n,n,m,tmpl,0,0,l c,x_blk_siz);

pg_pe_free(l_a);
pg_pe_free(l_b);
pg_pe_free(l c);

(PACS-G)

/*
* element-wise matrix add
*/

__global__ void matAdd(__template_t _ tmpl,
int n, int m, int w,
double *|_a, double *|_b, double *| c)

{ . .
int i,x,y;
__for_all__(tmpl;0:n-1;0:m-1){
X = _Xi__; //local index
y=_Y_
I = y*w+X
| c[i] =
}
}




Fortran fRRARA 2B —2Jx— X
ftest4-host.fo0 ftest4.f

program ftest4
double precision r,A,B,rr
dimension A(100), B(100)

subroutine inner_prod(r,n,A,B)
integer n
double precision r,A,B

?nteger .. a_addr, b_adc!r dimension A(n), B(n)
integer pg_symbol, pg_integer f=0.0
n = 100 do | _'
doi=1,n or=1n -
- r=r+ A®@)*B(i)
A@G) = i+1
2 enddo
B(i) = i+10 end
enddo

write(*,*) "test for pacs-g ..."
call PG_initialize("g.out") ! ftest4.f

call pg_gm_malloc(a_addr,100*8)
call pg_gm_malloc(b_addr,100*8)
call pg_gm_malloc(r_addr,8)
call pg_gm_memcopyout(a_addr,A,100*8)
call pg_gm_memcopyout(b_addr,B,100*8)
call pg_call(PG_symbol("inner_prod_"),4,r _addr,pg_integer(100),a_addr,b_addr)
call pg_gm_memcopyin(rr,r_addr,8)
write(*,*) "pg_call rr=",rr
end program ftest4



PACS-G Fortran XMP directive}i3E

= EARBIZIE, OpenACCHD LR

s TREEZFETET Do = parallel directive
= templatez#i5k L T. PE/LMZ{R 1L » ZFPETEITISHNZHETE
= __all_ &ELL
= template directive
= PEEDORMEindexZERZE = = loop directive
= distribution [ZDULVTIX, block EY DA EHETE » L—TENBIEST
= data directive = on #i T, MHDindexAR—RX%
« PECOT—HBEEHRE HE%E .
s TAIE AL, CMELIZIRLBI=HZE%E = reduction&i T, reductiong S &
HItRET %, ZHEET D,

= copy/copyin/copyout/create/present/present_or
_copy/present_of copyin/present_or_copyout/ = reflect directive
prsesent_or_createlZ&kY . PERIIZEYLT7 VTS = shadow4BiHMupdateZ=1T
BT —H%EIETE

= align directive / shadow directive

= align I2&Y, templatelZHELY, HERERE . alignT
BESNALMEAIZE, FhENDPETER., -

= alignTH#EN =B 5IIZBIL TIE. shadow T, ##
EEZHEREIEE

= update directive

datalRiE T, GM/Y AR EPED T
_gébu Hy L)d—éo



XMP/G Fortran(Z

SUBROUTINE lap_main(xsize, ysize, u,uu)
integer: xsize, ysize

double dimension(0:xisze+1,0:ysize+1): u, uu
integer: X,y,k

I$xpg template tmpl(0:XSIZE+1, 0:YSIZE+1)

I$xpg data copy(u, uu)
I$xpg align (i,j) with tmp(i,j) : u, uu
I$xpg shadow uu(1:1,1:1)
I$xpg paralllel
do k =0, NITER
I$xpg array
uu =u
I$xpgg reflect(uu)
I$xpgg loop on tmpl(i,j)
do x =1, xsize
doy =1, ysize
u(x,y) = (uu(x+1,y)+uu(x-1,y)+
uu(x,y+1)+uu(x,y-1))*0.25
enddo
enddo
enddo
I$xpg end parallel
I$xpg end data

£57055 L

I$xpg parallel copyin(u,uu) copyout(sum)
I$xpg align (i,j) with tmp(i,j) : u, uu
sum = 0.0
I$xpg loop on tmp(i,j) reduction(+:sum)
do x =1, xsize

doy =1, ysize
sum = (u(x,y) — uu(x,y))
enddo
enddo

I$xpg end parallel
if (sum .le. eps) ....

end subroutine lap_main
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s RD2DDAA T X RIZEF
= type A: 4096PE, LM 64KB/PE, 12.3TF/chip, 4096chip/group
= type B: 2048PE, LM 128KB/PE, 8.2TF/chip, 4096chip/group
= (Strawman): 4096PE, LM 128KB/chip, 16TF/chip
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