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A discussion of special-purpose parallel programming based on

master-worker paradigm

— Comparison of Risa/Asir program and Cell B.E. one with SPE library —

Keiichi SHIRAISHI

Yoshiro IMAI

Abstract

This paper describes special-purpose parallel programming based on a

master-worker paradigm. Such programming can be realized and executed on

multi-core processor computers. We have compared two types of parallel programs.

One is a program for a computer algebra system called Risa/Asir, which is executed

on a personal computer with 4 cores processor. Another is for Cell B.E. with SPE

library on PLAYSTATION3. Though a real experiment, it has been confirmed that

the former is suitable for symbolic and/or algebraic computation while the latter is

efficient for numerical computation.

Key Words: Master-Worker Paradigm, Multi-Core Programming, Parallel Programming
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spe_image_open()
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typedef struct {
unsigned long long
unsigned long long
unsigned int
int

} pi_params_t;

\

ea_in;
ea_out;

size;

pad[3];
//8+8+4+4%3=32bytes

typedef struct {
int start, end;
int pad[2];
double width, s;
} pi_data_t; //4*4+8%2=32bytes

/

03 SPEO0O0OOOOOODO nO000O0O0OO
(pi.h)
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# PPU

PPU-GCC = gcc

PPU-CFLAGS = -lpthread -lspe2 -Wall -Werror
PPU-SRC = pi-ppe.c

PPU-OUT = pi-ppe

# SPU
SPU-GCC = spu-gcc
SPU-CFLAGS = -Wall
SPU-SRC
SPU-0UT

-Werror

pi-spe.c
$(SPU-SRC: .c=.elf)

all:
$ (PPU-GCC) $(PPU-SRC) -o $(PPU-OUT) $(PPU-CFLAGS)
$(SPU-GCC) $(SPU-SRC) -o $(SPU-OUT) $(SPU-CFLAGS)

06 SPEOOOO0OOOOOOOOOOOOOO
Makefile
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Risa/Asir Cell SPE

02 0000
PC PLAYSTATIONS

Processor Xeon X3210 2.13GHz Cell B.E. 3.2GHz

PPE + SPE x 7

SPE Local Store 256 KB

EIB 307.2GB/s
Memory 3GB 256MB
0S FreeBSD/amd64 7.1-RELEASE | Yellow Dog Linux 6.2
CAS, Library | Risa/Asir 20070806 libspe-2.2.80-132

0 3 0000 (Risa/Asir)

Oooo (0) 1 2 3 1
0000 (s) | 37.902 | 19.627 | 13.787 | 11.056
00000 » T 1.931| 2749 | 3.428

«x000 10000000/0000
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1) 000000 :0000000000,00
00, 1995

2) C. L. Liu: Elements of Discrete Mathemat-
ics, 2nd Edition, McGraw-Hill, 1985 (O O :
C.L.UO0O0: 000000 (oo 0,00
00),00000o000,n0d, 1986)

3) 00 00,00 00,00 00,0 0,0
0D 00,0000,00 00,000 00:
PLAYSTATION 3 Linux 0000000, O
0oooooooo, 2007

4) 00000000: pCOOODOOOOO
pCOO0OOO0OOODODOODOOOOONO,
http://www.is.doshisha.ac. jp/SMPP/
report/1999/990910/, 1999
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04 0000 (SPEDOOOO)

0ooo (0) 1 2 3 4 5 6
0000 (s) | 6.037 | 3.023 | 2.019 | 1.518 | 1.217 | 1.017
0oooog » 1 [ 1.997 | 2.990 | 3.978 | 4.959 | 5.934

«x000 10000000/0000
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def
cpi(ID, Loop)
{
N = length(ID);
Loopl = idiv(Loop, N);
Start = 0;
Width = 1.0 / Loop;
for (I = ID; length(I) > 1; I = cdr(I)) {
ox_rpc(car(I), "cpi_sub", Start, Start + Loopl, Width);
Start += Loopl;
}
ox_rpc(car(I), "cpi_sub", Start, Loop, Width);

Pi = 0;

for (I = ID; I !'= []; I=cdr(I)) {
Pi += ox_pop_local(car(I));

}

return Pi / Loop;

}

def
cpi_sub(Start, End, Width)
{
Pi = 0;
for (I = Start; I < End; I++) {
X = (I + 0.5) * Width;
Pi += 4.0 / (1.0 + X ~ 2);
}
return Pi;

}

def
time_cpi(ID, Loop)
{
TO = time();
print (cpi(ID, Loop));
T1 = time(Q);
return T1[3]-TO[3];
}

def
rpc_cpi2_init (L)
{
rpc_load(L, "cpi2.asir");
¥

def
rpc_load(L, FN)
{
for (I =1L; I !'=[1; I = cdr(1))
ox_rpc(car(I), "load", FN);
¥

end$

0 2 Risa/Asir 0000 0000000 (cpi2.asir)
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#include <stdio.h>
#include <stdlib.h>
#include <libspe2.h>
#include <pthread.h>
#include "pi.h"
#define NUM_SPE 6

typedef struct {
spe_context_ptr_t spe_ctx;
pi_params_t *pi_params;
} thread_arg_t;

void *run_spe_thread(void *thread_arg)
{
thread_arg_t *arg = (thread_arg_t *) thread_arg;
unsigned int entry;
spe_stop_info_t stop_info;
entry = SPE_DEFAULT_ENTRY;
spe_context_run(arg->spe_ctx, &entry, 0, arg->pi_params, NULL, &stop_info);
return NULL;
X

int main(int argc, char *argv([])
{
static pi_params_t pi_params[NUM_SPE] __attribute__((aligned(16)));
static pi_data_t pi_data[NUM_SPE] __attribute__((aligned(16)));
int i, ret, start, loop = 50000000, loopil;
double width, pi;
spe_program_handle_t *spe_prog;
spe_context_ptr_t spe_ctx[NUM_SPE];
pthread_t thread[NUM_SPE];
thread_arg_t arg[NUM_SPE];

spe_prog = spe_image_open("pi-spe.elf");
for (i = 0; i < NUM_SPE; i++) {
spe_ctx[i] = spe_context_create(0, NULL);
ret = spe_program_load(spe_ctx[i], spe_prog);

}

loopl = loop / NUM_SPE + 1;
start = 0;

width = 1.0 / loop;

for (i = 0; i < NUM_SPE; i++) {
pi_datali].start = start;
if (start + loopl < loop)
pi_datalil.end = start + loopl;
else
pi_datalil.end = loop;
pi_datali] .width = width;
pi_params[i].ea_in = (unsigned long) &pi_datal[il;
pi_params[i] .ea_out = (unsigned long) &pi_datalil;
pi_params[i].size = sizeof(pi_data_t);
argl[i] .spe_ctx = spe_ctx[i];
arg[i] .pi_params = &pi_params[i];
ret = pthread_create(&thread[i], NULL, run_spe_thread, &argl[i]);
start += loopil;
}
for (i = 0; i < NUM_SPE; i++) {
pthread_join(thread[i], NULL);
ret = spe_context_destroy(spe_ctx[i]);

}
ret = spe_image_close(spe_prog);
pi = 0.0;

for(i = 0; i < NUM_SPE; i++)
pi += pi_datalil.s;

pi /= loop;

printf (" [PPE] pi = %g\n", pi);

return O;

04 SPEO0O0OOOOUO~00000OOO (pi-ppe.c, PPEOOOODO)
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#include <spu_intrinsics.h>
#include <spu_mfcio.h>
#include "pi.h"

int main(unsigned long long spe, unsigned long long argp)
{
static pi_params_t pi_params __attribute__((aligned(16)));
static pi_data_t pi_data __attribute__((aligned(16)));
int i;
int tag = 1;
double x;

spu_mfcdma64 (&pi_params, mfc_ea2h(argp), mfc_ea2l(argp), sizeof (pi_params_t), tag, MFC_GET_CMD);
spu_writech(MFC_WrTagMask, 1 << tag);
spu_mfcstat (MFC_TAG_UPDATE_ALL) ;

spu_mfcdma64 (&pi_data, mfc_ea2h(pi_params.ea_in), mfc_ea2l(pi_params.ea_in), pi_params.size, tag,
MFC_GET_CMD) ;

spu_writech(MFC_WrTagMask, 1 << tag);

spu_mfcstat (MFC_TAG_UPDATE_ALL) ;

pi_data.s = 0.0;

for(i = pi_data.start; i < pi_data.end; i++) {
x = (1 + 0.5) * pi_data.width;
pi_data.s += 4.0 / (1.0 + x * x);

}

spu_mfcdma64 (&pi_data, mfc_ea2h(pi_params.ea_out), mfc_ea2l(pi_params.ea_out), pi_params.size, tag,
MFC_PUT_CMD) ;

spu_writech(MFC_WrTagMask, 1 << tag);

spu_mfcstat (MFC_TAG_UPDATE_ALL) ;

return 0O;
}
\_
05 SPEO0O0UOODOOOO 0000000 (pi-spe.c, SPEOOODODN)
Vs
1 last pid: 46149; load averages: 3.82, 2.88, 3.24
2 up 76+19:51:43 05:14:21
3 80 processes: b5 running, 75 sleeping
4 CPU: 96.3% user, 0.0% nice, 3.5} system, 0.2% interrupt, 0.0% idle
5 Mem: 251M Active, 2113M Inact, 272M Wired, 33M Cache, 214M Buf, 300M
6 Free
7 Swap: 8192M Total, 108K Used, 8192M Free
8
9 PID USERNAME THR PRI NICE SIZE RES STATE C TIME  WCPU COMMAND
10 46105 siraisi 1 118 0 36228K 9968K RUN 1 0:13 97.56% asir
11 46103 siraisi 1 117 0 36228K 9968K CPU2 2 0:15 97.07% asir
12 46101 siraisi 1 116 0 36228K 9968K CPU3 3 1:02 91.06% asir
S 13 46107 siraisi 1 116 0 36228K 9968K CPUO 0 0:18 90.77% asir
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