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MpC: Portable Parallel Programming Interface
Based on Meta Process Model

HIROKO MIDORIKAWAT and HAJIME I1ZUKAf*

This paper proposes a new portable parallel programming interface MpC, Meta Process C,
for Meta Process model. The Meta Process model gives us good readability /writability of
parallel programs as shared memory programming model does, in addition to high flexibility
for parallel program description given by message passing model. Meta Process model im-
plementatioin employs user level software DSM for clusters and pthread for shared memory
parallel machines. This enables MpC programs portable to a wide variety of computer archi-
tectures and UnixOSs. The MpC compiler uses gcc in its under layer, so it is highly portable.
Moreover, the paper shows good MpC performance in comparison with OpenMP on clusters
and gnuUPC on a SMP machine. Without special communication devices or OS modification,
the Meta Process model and MpC can be used to build a parallel programming environment
with good portability.

Mar. 2005

O00000ooooooooSsMOOoOoooooo

gobooboooooooooooboooooooon
goooopvMOMPIOOOOOOODOOODOO
OoO0OoooMPOOOOO OpenMPOpthread O
gooooooooOoOSMOoOooooooOOMPO
ocooooMpPIOOOOOODOOOOOOOOOOO
0000 APIODDOOOO0OOOOOOOOOOOO
gooooooooobooooooobooooooo
ooooooosMOOOoOoOoUOoOoOooooooo
ocooooooooOoMPOODOOODOOOOOO
gooooboooooooobooboooooboobooooo

t000000000000000
Faculty of Engineering, Seikei University

69

0000 OpenMP2) 000000000 DOOOODO
0D000O0DOooooo*™Y¥gooooooono
000000000000000000000000
000000000000000000000000
0D0000SDSMOOOODOOODOO OpenMP
00000000000000M9ee2gnooon
000000000 CPUODOOOOOOOOOO
000000000000000000000000
00000000 00D00D0OSMOOO0O0O0DO00
0 APIOOOOOOOOOOOODOOOOOOOOO
0000000000000000000000000
000000000000000000000000
000000D00000000D000000M®®g
0000000SMOOO0OO00O000O00O0000



70 gooooooooooooooooboooooo Mar. 2005

000000000000000000000000
0OooY00000000000 APIODOOMpC
0000000000000000shared 0000
0000000000000 000000D0000
000000000000000000D000000
00000000D0000000000000000
000000000000000D000000000
SMOOOO0DODOO0DO0O000000000000
000000000000000000000000
0000D0000D000000000000 DSMOO
pthread?? 0000000000000 O0OOO0O
000000000000000000000000
000000000 pthread00000000000O
SDSMOOOD0OO0OO0D0000000000 0SO0
00000000 MpCODOOOODOOODODOOD
oooo

2. 000000000

gobooooooobobooboooob 100000
goooobooooooooooooooobo 100
gooooooooooooobobooboooooo
goooobooooooooooooooooooo
goooooobooooooooobocoooonoooon
gooooooooooooooooooonoooon
ooo oSSO0 100000oooo0O00bob00g
ooo0OO0o0o0oOoOooooooooOoOooo osod
gooobooooboooooooboooooooo
gooobooooooooooboooooooooon
goooooobobooooboboooono 10000
gooooboooooooooboooboooooooo
gooboolooooooooobooboooooooo
000000000000 O0shared 0000000
gbooboobooooboooooooboobono 200
gooooooboooooooooocooooooon
gooooooboooobooooboboooDbo
gooooboooooboooboooooboboobooDo
ooooooooMpPpOOOODOOOOOODOO
gooooboooooooooobooooooooon
cooooobooMpPOOOOOODOOOOOOO
oooooOosMOOOOOoOOoOOoOooOoOoooooo
ooooooboooobooboooooooooo

goboboooodooooooobooooooooo
0000000 shared000D0ODODOOCOCOOOO
goooooobooooooooooooooooo
goooobooooooooooooooooooo
O0000000000000 sharedODOOOOO

AE kR
/=F0  J—F1 [ J—F2

SIONIOIG=
[ | |

01 0D0000oOoooooooo
Fig.1 Meta Process and its component processes.
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Fig.2 Shared variables and the hierarchical data scope.
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Fig.3 Examples of shared variable distributed mapping.
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Fig.4 Shared variable declaration.

(a) shared double a; {LE 7o' R8I
(b) shared int x::(st); Berat R st B

(c) shared double y[M]; &7 a2z —FRqt
(d) shared char b[K][L]::[NPROCS][ )(st); NPROCS %3l
(e) shared float z[M]::[n](st, n); n 5% st~st+n-1

(f) shared int q[M][L][N]::[n][)[}; n#%% 0~n-1
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Fig.5 Examples of shared variable declaration.
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01 MpCOOOOOOOOoOOOOO
Table 1 MpC standard library functions.

MpC EHMEE (—)
IR mpc_init(int arge, char *argv)
T mpc_exit( )
T mpc_err(char *msg)
Ny 7 mpc_barrier(int barrierid)
=4 mpc_lock(int lockid)
Truyy mpc_unlock(int lockid)
%42 790 | mpc_cond_signal(int condid)
%ty 79 | mpc_cond_broadcast(int condid)
&L /A% | mpe_cond_wait(int condid, int lockid)
JEAT T — 2B void *mpc_alloc(int size)
s> —pafp | void *mpe_alloc(char *declare)
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#include <stdio.h>
#include <mpc.h>
#definr M 1024
#define N 2048

shared double matrix[M][N]::[NPROCS][ ];
shared double sum::(0);

int main(int argc, char **argv)
{

FILE fp;

double mysum=0;

int start, end, i, j;

mpc_init(argc, argv);
if(MYPID == 0){
fp=fopen("initial.dat", "r");
for(i=0; i<M; i++)
for(j=0; j<N; j++) fscanf(fp,"%If", &matirx[i][j]);
sum = 0;
}
mpc_barrier(0);

start = M/NPROCS*MYPID;
end = start+M/NPROCS;
for(i=start; i<end; i++)
for(j=0; j<N; j++) mysum += process(matrix[i](j]);

mpc_lock(0);
sum += mysum;
mpc_unlock(0);

mpc_barrier(0);
if(MYPID == 0) printf("Result=%f¥n",sum);
mpc_exit( );

06 MpCOOOOODO
Fig.6 A MpC program sample.
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02 MpCO UPCOODO
Table 2 Comparison of MpC and UPC.
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Fig.7 Difference of UPC and MpC distributed mapping.
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Fig.8 Structure of MpC Compiler.
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#include <stdio.h>
#include <mpc.h>
#define M 1024
#define N 512

shared double mat[M][N]::[NPROCS][ ](0,NPROCS); <I>

shared int a: <2>

void func(int b)

{  mat[M/NPROCS*MYPID][0]=a; <3>
mat[M/NPROCS*MYPID][1]=b; <4>

)

void func2()

{ inta=22;

mat[M/NPROCS*MYPID][2]=a; <5>
)
int main(int argc,char *argv[])
{

int i,j, c=44,start,end;

mpc_init(argc,argv);  <6>

start=N/NPROCS*MYPID;
end= N/NPROCS*(MYPID+1);
for(i=start;i<end;i++)

for(j=0;j<Nij++) mat[i][j]=0.5; <7>
a=-100; <8>
if(MYPID%NPROCS==0) func(c);
if(MYPID%NPROCS==1)  func2();

printf("%d %d¥n",mat[0][0], mat[1][1]); <9>

mpc_exit(); <10>

double (*__mpc_sh_mat)[512]; <1>
int *_mpc_sh_a; <2>

void func(int b)

{ __mpc_sh_mat[1024/NPROCS*MYPID][0]=(*_mpc_sh_a); <3>
__mpc_sh_mat[1024/NPROCS*MYPID][1]=b; <4>

)

void func2()

{ inta=22;
__mpe_sh_mat[1024/NPROCS*MYPID][2]=a; <5>

}

int main(int arge,char *argv[])

{
int i,j, c=44,start,end;
sms_init(arge,argv); <6>

__sms_dim[0] =-1; __sms_div[0] =-1;
_mpc_sh_a= <2>
(int *)sms_mapalloc(__sms_dim, __sms_div, sizeof( int ), 0, 0);

__sms_dim[0] = 1024; __sms_dim[1] =512; __sms_dim[2]=-1;

__sms_div[0] = NPROCS; __sms_div[1]=1; _sms_div[2] =-1; <I>
__mpc_sh_mat=
(double(*)[512])sms_mapalloc(__sms_dim,__sms_div,sizeof(double),0,NPROCS);

start=512/NPROCS*MYPID;
end= 512/NPROCS*(MYPID+1);
for(i=start;i<end;i++)
for(j=0:j<512;j++)  _mpc_sh_mat[i][j]=0.5; <7>
(*_mpc_sh_a) = -100; <8>
if(MYPID%NPROCS==0) func(c);
if(MYPID%NPROCS==1) func2();
printf("%d %d¥n",__mpc_sh_mat[0][0],__mpc_sh_mat[1][1]); <9>

sms_exit(0); <10>

}

09 0OOOo MpCOOOOOOOOOO SMSO cooood
Fig.9 MpC Program and translated C program for SMS.
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Table 3 Benchmark programs and parameters.

A=V RF A H shared ¥—% | XY 7E¥K | vy 7 EK
Y4 X /TakR | /FakR

ep M=28, MK=10 44B 2 1
tsp 19cities(19b) 100MB 4 75-122

lu 2048x2048 | 34MB 135 0

double, 32bloks
mm 2048 x 2048 96MB 3 0
double
04 0O0ODO

Table 4 Experiment environment.

CPU Intel PentiumlIl-S 1.13GHZ

gec version 2.96 -O3 Memory | 512MB

SMS 04.16 o Intel PRO/1000T
JIAJIA2.2 3Com SuperStack3 Switch
TreadMarks 1.0.3.2 OS | RedhatLinux7.1.2 kernel 2.4.7.10

05 ODOOO0OO0O0OO

Table 5 Compilation environment.

MpC OpenMP
compiler mpcc omcc 1.6
0OS Red Hat Linux 7.3
kernel 2.4.18-3
gec version 2.96
optimization -03
0e oooOO
Table 6 Execution environment.
MpC OpenMP
CPU Intel PentiumIll  1.13GHz
No of CPU 1
memory 512MB
OS Red Hat Linux 7.2
kernel 2.4.21-SCORE
network Giga Giga, Myrinet
protcol socket (UDP) PM
SDSM SMS SCASH

07 0O000O0OOOOOODOOO
Table 7 Program parameters.

= o= shared shared
TRIIE TR sopya x| FopEH R
floyd | 1024 x 1024 double 12MB oA
laplace | 1024 x 1024 double 16MB L ar e
mandel | 1024 x 1024 char IMB procO S
mm__| 1024 x 1024 double | 24MB B ¥
galaxy 1000-body 10steps proc0 £
100times 712KB
ep S 80B proc0 £

version D Domni 000000 version2.96 00O OO
0o0D0D00000DOo0o0DooOOo0DOo00ooDoOooo
0000000 0O0O0000b0OD0O0O 70000000
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08 MpCUO OpenMP OOOOO
Table 8 Performance of MpC and OpenMP programs.

(sec)

Language MpC OpenMP
Compiler mpcc omcc gce
Network giga giga | myri | seq
movd || Ssol eosd west |
(10]22‘:;1(1)324) 19.420 4494 25.30

11.38 41.62] 14.71

3.08 310 3.07 3.08
laplace 2.03 245 233
(1024x1024) 1.16 1.55 1.21

0.71 1.29] 0.66
mandelbrot 1.37 1460 1.46 1.37

0.76 093 0.86
0.40 053 0.50
0.22 0.29 0.26
1.35 1.47) 147 1.37

(1024x1024)
static

¢
J'Ii’ffffléﬂ) 080 087 081
dynamic 048 051 043
025 035 023
. 678 10.14 1043 8.15
380 546 4.87
(’glzo“c’;(lig?) 233 358 2.68
188  3.100 1.96
- 1173 1177 1174 11.63
639 17.83 11.26
1024x1024
(nonblocking) 371 1789 6.6
273 2568 475
galaxy 9.00 9.02f 9.04 8.73
1000-body 456 299 2.49
10steps 233 212 126
100times 1.26 1.26 0.66
12.84 1336 13.36 1293
ep 642 708 673
class S 321 430 3.43

00 A N =00 AN =00 BN =00 BN =00 N =00 K N=[C AN —=|00H N —

1.61 2500 1.80

O000o0oUoUoOo3(a00oooo 200
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Fig.14 Meta Process Model on shared memory machines.

MpCO OpenMPOO0OO0O0OOOOODOOOOO
00000000000 OpenMPOOODOOO Giga
OO0o0o0oo0oo0O0o000 MyrinetOOOOOOOOO
ooooobooooooobooooocbOoboooooo
oooobooooooooooboooooobooo
OO0 MpCO OpenMPOOOO0OO0O0O0O0O00O0O0O
goooboooooooooooooooonoooo
ooooboooooooooooboooooooo
oooooooooobooooo
MpCOOOOOOOOOOOOOOOODODOOO
UdOdtspdObOO0OoOooooooooooooon
00000000OpenMP OOODOOOOOOODO
goooboobooooooooooooooooooon
ooboooooooooobocooon

7. 00O0DOOoO0o0oOooobooogoooo

7.1 00000OO0OO0DOOO0DOOOO

0000000000000 0000000000
000000 pthreed 00000 140000000
0000000000000000000000000
00000000000000000D0000000
000000000000 D000D00000000
pthread 0 0000000000000 DOOOOD
shared 0000000000 DO0OO0O0DOOOOOD
ooooo

MpCOODOOOOODODDOO MpCOODOO
Omain0000000000000000DO0O0
0000000000 main 0000000 DOOD
OO0 main0000000D0000000ODOODO
00000000000000000 main00000
000 MpCOOOOOOOOOODOODOODOOO
000000 thread specificd000% 00000
0000 pthreed 0000000000000 O0OO
000000000000000000000000
00000000D0000000000000000
000000000900 100000

7.2 pthread 000 MpCOOOOODOO
011 0020000000000000000
0000000000000 MpCOOODOOOD



80 gooooooooooooooooboooooo

09 0000O0DOO0ODOODOOoDOoDoOoDbOo
Table 9 Execution entities in the Meta Process Model.

SDSM, 7 5 R2% T® | pthread, £HAEY
< WF= s TOEE
— 2D AR 3 Zakv R
(A#FutX)
NG 51 4T BAAT 17akR 1ALy K

010 OO00O0O0OO0O0OO0O0O0Oooooooog
Table 10 Hierarchical data in the Meta Process Model.

AB Tt RAEFN | SDSM, 77 A¥ T | pthread, A AEY
R BF—FR nFEE WFl~v s TORE
shared Tak R LA ALy F3A
(SDSM HREFI ) (global 7—%)
global 7t ARF AV y FRB
(global ¥— %) (local ¥—%)
local Zu & R RET A vy FRBET
(local 7— %) (local ¥—%)

011 MpCO UPCUOOOOO
Table 11 Performance of MpC and UPC programs.

(sec)

MpC MpC MpC gnuUPC 3.2.3.5
Num| pthread pthread [SMS GigaEther|
programs jof | smp 2CPUs | rs6000 pe cluster smp 2CPUs
IProc [LINUX2.4.20| 4CPUs LINUX Pentium3
-6smp 2.4.20-6 | LINUX2.4.20-6smp
RedHat9 AIXS5.2 RedHat9 RedHat9
1 10.82 10.45 11.19 10.15
ep 2 5.54 5.23 6.09 5.09
S class 4 2.65 2.56
8 1.28 mapping lele
galaxy 1 9.02 8.81 8.17 64.05/62.96
1000body | 2 4.52 4.42 4.53 32.89/31.5
10 steps 4 2.24 2.53
100time 8 1.63 mapping div/Oproc
mandel d 1 1.35 1.03 1.39 1.56/1.47
1024x1024 | 2 0.68 0.53 0.87 0.79/0.75
0.3<x<04 | 4 0.38 0.54
0.5<y<0.6 | 8 0.43 mapping lele/Oproc
mm512 1 0.77 0.61 0.80 15.2/15.2/35.26/9.21
512x512 2 0.40 0.31 0.47 8.16/7.69/17.83/4.64
double array | 4 0.17 0.31 mapping
blocked 8 0.29 vb/hb/1ele/Oproc
mml1024 1 6.18 49 6.90 132.63
1024x1024 | 2 317 247 347 66.35
double array | 4 1.49 2.04
blocked 8 1.57 mapping Oproc

000000000 11 03040000SMP 00O
00 Pentium30 2CPUO LinuxO O OOOOOOOO
O O000OIBM RS600004CPUOAIX5.20 00500
ooooooog30uoog sMpooooooood
Oo00oooooouoooooouoooooogoos
000000000000 00 pthread 000000
Joobooo0ooOoooooooo MpCOOODO
00000o0oooooooooooooog
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0 12 UPCOMpCO OpenMP 0000000
Table 12 Number of lines in UPC, MpC and OpenMP

programs.
LELEE:S OpenMP 233 5 bR
PAT 4N MpC | UPC |OpenMP[ MpC UPC
floyd 81 711 1.141
laplace 83| 66| 1.258
mandeld 138] 127, 106 1.302 1.198
mandels 112] 98 1.143
mm bloked 104 100 91| 1.143 1.099
mm nonblocked 91 91 82 1.110 1.110
galaxy 191 200 180 1.061 1.111
ep 174 172 154 1.130 1.117
i 1.161 1.127
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ooooo

011 0000000300000 SMPOOOO
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Table 13 Relative number of lines in NPB programs to NPB3.0-SER.
Benchmark SER HPF JAVA MPI OpenMP | omni-C MpC C-SER MPI SER PAT A
Version NPB3.0 | NPB3.0 | NPB3.0 | NPB24 | NPB3.0 |(NPB2.3)| (NPB2.3) |(NPB2.3)| NPB23 | NPB23 F
7a77 5| 8 F(C) F J F (C) F C C C F (C) F(C)
BT 1.0000 1.2011 1.6389 1.6817 1.0012] 1.0360) - 1.0120 1.4658 1.0368 1.2592
CG 1.0000 1.0544 1.2951 2.0311 1.0233] 0.9864 1.0932 0.9068 2.0117| 0.9767] 1.2643
EP 1.0000 - - 1.3143 1.0286) 1.1000 1.2429 1.0429 1.2857 0.9286 1.1347
FT 1.0000 1.0638 1.6393] 2.4281 1.2951 1.3698 - 1.3242 2.3024 1.2823 1.5881
IS (O) 1.0000 - 0.8489 1.6333] - 0.9089 0.9200 0.8822 1.4778 0.937 1.087
LU 1.0000| 1.1280) 1.7835 1.3743 1.0305} 1.0368| - 1.0121 1.3677| 1.0333] 1.220.
MG 1.0000 1.1192 1.7509 1.9374 1.0024] 0.9374 1.0260 0.8985| 1.9327, 1.0708] 1.2973]
SP 1.0000 1.0461 1.8188 1.5397, 1.0323] 1.0233 - 0.9853 1.5321 1.0100 1.2485]
R25] 1.1021 1.5394 1.7425| 1.0591 1.0700 1.0705] 1.0080) 1.6720 1.0345)
2.00
1.80 1'7_42 167
1.60 1.539 —
£ ]
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; 1.20 1102 — 1,059 1076 107t 1.008 1.035
e 1.00 T
Z
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QO
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0.00
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Fig. 15 Relative number of lines NPB programs to NPB3.0-SER.
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Fig.16 Relative number of lines in NPB2.3 programs to
NPB2.3-omni-c-SER.
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