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The Parallel Processing Language for Multicore Clusters
- The Implementation of a Thread/Process-Parallel Mechanism -

Hiroki KOYAMA *!, Hiroko MIDORIKAWA *2, Munenori KAT*?,

ABSTRACT :

We already proposed a new parallel programming model called “meta process model” and

designed a new language MpC and its compiler to realize the model. The MpC compiler converts a MpC program to

one of the two different programs according to a target machine’s memory architecture. For distributed memory

machines such as clusters, the compiler converts a MpC program to a software DSM program which employs

process-level parallelism. For shared memory machines such as SMP, the compiler converts a MpC program into a

pthread program which employs thread-level parallelism. This paper presents three topics, 1) Optimization of code

generation in the MpC compiler for SMP, 2) Incorporation of a thread parallel mechanism into the in the MpC

compiler for clusters, and 3) Implementation of DLM Compiler, new compiler for sequential programs using large

data, which is based on the MpC compiler.
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SNVEERS, local (L7 — I VEBITKHE STV 5,
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int a, b;

void funcA(){
at+;

}

void funcB(){
b++;

}

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

{
mpc_init(argc, argv);
a=0; b=0;
funcA(); funcB();
printf("%d %d¥n", a, b);
mpc_exit();
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ZDTDIZ pthread_create SAV/ZBHIT pthread_setspecific
Bz, 2Ly FEEIZT 288 % % key (2 BT
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DY —=AT 0T TLEK33Da— RICEHE LTND,

pthread key tkey[512];

void funcA(){
int *a, *b;
a = pthread_getspecific(key[0]);
b = pthread_getspecific(key[1]);
(*a)yt++;

}

void funcB(){
int *a, *b;
a = pthread_getspecific(key[0]);
b = pthread_getspecific(key[1]);
(*b)++;

void sub_main(){
int *a, *b;
a = (int *)malloc(...);
b = (int *)malloc(...);
pthread_setspecific(key[0], a);
pthread_setspecific(key[1], b);
a = pthread_getspecific(key[0]);
b = pthread_getspecific(key[1]);
(*a) =0; (*b) = 0;
funcA(); funcB();
printf("%d %d¥n", *a, *b);

}

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

pthread create(...,sub_main, ...);
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CTCOFETHMER LD TH D, £z, 3-4,
3-5 OISHITYGERT, SHITEER AR LTV D,

W~ TYHEANC 1 ALy FT22o0v ¥ &bl
Parfor B, Trial MOMIZKERENH D, Trial B, Parfor
AL BB — L OREITAY 112 &[] & IR U728,
7 m— VR A Trial AN 13 2HUE ] L T2 0t
LT, Parfor WA 8 ZBEMEME 5 DENRDH D, 1 [H
pthread_getspecific % %179 2% & Intel SMP TILK
0.008usec, SunFire TIE#J 0.0015psec 23225, Z D720,
SCERTILBIS D 58 TRl pthread_getspecific & F4T L
T /=D T Intel SMP Tl 112 £ix5x0.008psec =450sec D
L 72 o7, RE7p pthread _getspecific 0 =1 — /L& HlJ L
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31 ETRE
Intel SMP SunFireV40Z SMP
CPU Intel Xeon E5310 1.6Ghz | AMD Ta7/La7
CPU# | Quada7 x2Fv7 Dual 27 x2 Fv7
oS Linux FC5 kernel 2.6.19 SunOS 10
A€ 8GB 16GB
2400
—e— Parfor(IB)
TriaK18)
2000 —a— Parfor($7)
Triak#T)
1600 |
%1200 H
E
800
~ ~
400 | T S -
0
! Num of Thread 8
3-4 WEREOEITERM (Intel SMP)
3600
—e—Parfor(IB)
3200 Trial(1B)
2800 —a— Parfor(#)
2400 N TrialGFr)
@ 2000
£ 1600
e
1200 ~ \
800 S
400 e *
0
1 2 4 8

Num of Thread

3-5 WERTHENEITHE (Sun Fire SMP)
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J—=RAILH DALy REMAEDE, 2 L Loilisl)
WFFERE 2 0 ANT= 3/ A VARSI 70 75 I
EFNEHIRET D, [8]

SEIOEETIE, TrEAR—INT =T 7 EA
5 for LAXHRIZ LTz A Ly RWFIAE S thread_for L4
MpC STEIZEM L, ZORMBIZR->TA Ly RIS 21T
Yo HHINLT®H MpC /31 FIZ XY, fork-join HFAT
Al RAERL, for LIZBITDA T L—ra VREEE
ITRIZHRE L2 A by REUTESy LTS3~ %5 22—
FIizEEHmA TR,

4. 2 thread_for X

BUED & Z A, thread_for DIFEIZ T —Y DEETITV,
for XNDOT —%, 7 r—DRFMEIT 3 /3 Z (3B L
72\, MpC 7' 75 L Cld thread for STLSA D A 22—
THEREBY e ALEF T —F (shared) 127 7 AT
HIZEMAEETH DM, BB TIL SDSM(SMS)28 A L
v FAFNTH G L TWRWO T thread for A =2 — 7T
il %= DAL > ROSERE shared T — X I T 7B AT HZ &
28 1L LCTW5, shared 7 — 4 % global DZEIZIRAL
TBEHEHTL2ZLIETIFRETH D, £z, thread for X =
— 7 CD typedef, enum ZEOMHEHHEEIE LTV,
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ML, 7rtX, ALy FEREHBOLTETLEL
DN T O FEITREM & Lh~7=, mandelbrot I AE Y T
7R ACHAFRENR S, S — N, e, X
Ly FRICRBRICE N ENBE RO T ST 77—
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x® 41 ETRE
VSRE1 IS5 2
J—F# 4 1 1
CPU type Dual CPU Quad core Dual core
CPU Spec Intel Xeon Intel Xeon Intel Xeon
2. 8GHz E5310 1.6GHz | E5110 1. 6GHz
CPU %4/ Single a7 Quad o7 Dual a7
J—F# | x2FvT xX2Fv 7 xX2Fv 7
Linux FGC5 Linux FC5 Linux FG7
0S kernel kernel kernel
2.6.20 2.6.20 2.6.23
gCe 4.1.1 4.1.1 4.1.2
AEY 1GB 8GB 4GB

F42@)IE7 7 AL 1 THERD 7 v & Z2WH| D HMpC,
F420)F 7 T A K 1 TAL v N A FLAIA AT MpC,
F4-3@)T 7 T AH 2 THERD 7 v & A0 F MpC,
F 430X T AKX 2 TA Ly REERE & HFIA AT MpC
% F L7z mandelbrot 7' 12 77 ADFEATEI CH B, &
@I/ — FNE7rE 2 TEINC, £b)IL/ — FNE A
Ly RCWINAE LT 5,

42, % 431X EOME Init 1X 7 v & R D fork 0@
(BRI DTN 72 & ORERE], Cale IXFHERFR, Mepy 1%
thread for A = —7"Cid shared T —X|Z7 7 ¥ A T& 72
WOTR— I RT =2 Ea— L7, FHEL
JoAE % shared 7 — X IZEX R L7203 5, Total
X707 T AORETRMZ AT, £z, FROMEMT
L7fliE7 A% 1, 2128\ TO Total Dix/MEZERL
TW5, i, RO T (sec)] THD,

43, ®4-4 13702 WF D 1 7 a¥ X TO Total
1 LA HEEERLIEbDOTHD, K 43
X7 7251, 44137 T AF 2 TORBRTHD, W
#iix, /— FNDOAL Y KT et 20K%E2RLTND,

# 42 D@PERD 7 1t ZAH D IO MpC D 4x16
DB ZENTN D DIE, AEEEH LTV 5 SDSM D/ 3—
¥ a (sms0.0.5)DEKRIEET 7 AN 32 1IZ/> T
52 LI RV EITRREN BN o1 led TH D,

= 4-2 RITHRLE [VS5R4 1]
@IEEDOTOERALFDHD MG [sec]
J—R#i x 70X

4x1 4x2 4x4 4x8 4x16

Init 0.376 | 0.549 | 1.077 | 23.355

Calc | 4219 | 2199 | 1.488 | 1.420

Total | 4.595 | 2.748 | 2.565 | 24.774 | SMS XIS

ALy F+7Fo+ERFD MpC (sec)
/—F# x TOER# x ALYRFHK
4x1x1 | 4x1x2 | 4x1x4 | 4x1x8 | 4x1x16
Init 0.368 | 0.365 | 0.363 | 0.359 0.355
Calc 3.642 | 1996 | 1.394 | 1.277 1.256
Mcpy | 0.573 | 0.183 | 0.288 | 0.196 0.181
Total | 4.582 | 2544 | 2.045| 1.832 1.792

& 4-3 ETRHELER [V5X4% 2]
(@) kD T ORI FDFHD MpC [sec)
J—F# x ot
2x1 2x2 2x4 2x8 2x16
Init 0.409 | 0.431 | 0816 | 2.232
Calc 6.315| 3.679 | 1.895| 1.910
Total | 6.724 | 4111 | 2711 | 4142 | T5—

YR Lvy F+FOEXiMiFIdD MpC (sec]
J—FEx TOERH x AL YFH

2x1x1 | 2x1x2 | 2x1x4 | 2x1x8 | 2x1x16

Init 0.398 | 0.428 | 0.390 | 0.390 0.389

Calc 6.306 | 3.194 | 1.746 | 0.928 0.900

Mcpy | 0.015| 0501 | 0.174 | 0.468 0.334

Total | 6.719 | 4124 | 2310 | 1.786 1.624

# 43 D@KERO T v 2WHOHD MpC NO 2x16
HERR O EIXTETCWARWRE T =B8R E L, EITHH
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43, X 44 12H D X HIT, BEEEMO @R
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— FADFECPUREZ 2D/ atAH (s T A 1 TiX
4, 7T AKX 2 TIEREHET D & I HIZE L ORFFR
PG, FDTH, FrkZAUFN D MpC DFEITITEE
FEMZ IS 372 0I2E CPU BE Z 257 a2 To
FEATIXIE LT euy,



RERA- A O (D) A L N 2 fiLAGA A 72 MpC Ti,
1 /—FRiZ1 7FeERAFTDL0 fork LTWRWDT, %
DOF kR fork R, FukAREOaxs v a L E{To
T35 Init (THE/NBOREE Lo TR,
thread for LD 1% T thread W H| D FFFAE R % shared 7

HIZRETEIC S D ORFRIT D> T B A, % CPU KK
EZATHLALy ROEBIZIT 2RI EDA—/—
~y RiE7ZR<, Cale b LTWoTWD, ZD7®H
%) —Ric1 7t AP ofork LEDHFTAL v FERH
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1 2 4 8 16
J—FR D5
X 4-3 JoteRitFTH1 O ERA
129 5BE[VTRE 1]
1.2
O Mcpy
1 @ Calc | |
W Init
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TOERAEHIO1T O RDETEMEOEE

/—FROAFIHE

®4-4 TOERAFITOHO 1 TAEREMR
g HEEG [V 5245 2]

BRRBET—FNERGF DN NALS
REBDAEY ZMBEETDIBERT 0T T LD0H
7?1&@%/~F@L%f%J%$®Tﬁﬁ%_k@
BAT) LT HNBMAREAETY VAT A DLM(X 5-1)
[9][10]ZHE4E L 7=, DLM ¥ A7 AlF—fF = —F N F#RIC
EX DL, swap VAT AR EEELTTHZ L2 MHE
LW a—F— LDV T N =TI oT N5,
ZD DLM VAT LERWLERZ, =2—YoCcTurs 7
AT dm EZSEMZDH1200T, BHIZT TAZITHEBL
ARV EREEAEY ELTHOWLENAD XL 9IZ DLM

LN, T ERE LT,

Memserv process

Cal process

O

memhost1

Memserv process

calhost

S

memhost2

Memserv process

memhost3

5-1 DLM > X7 LR

32768 //32GB
memhost1 32768 //32GB
memhost2 65536 //64GB
memhost3 16384 //16GB

calhost

B 5-2 DLMBRE 7 7 1 L1

DLM ¥ A7 AITEERHICH 5-2 127”9 DLM R E 7 7
A NEFRPIATe, RTET 7 A NVOEEITITHE ) — Rk
ANE, HEAANTE—AAVAETY ELTEORED
AEV % DLM VAT AR EL0E WD Z &R
T, 2fTHLUREE, AEVH— L L TRHETE AR
Np LA ) BRREA TR T D (A F Y FRITBIUE,
MB BN TRlik), & LT, FEATRIC A E VEINEID YT
RAETY =D swap BERZWETH, ZO7D



DLM 2> /3A Fi%, £ AE VP — "7 1k X DElFEi
FROFE T v 2 OYIMIRE R £ &2 AT 5 WML B
dlm_init)% 7' v 7 7 AOBMEEH S ICHAT D, S DI,
2—PFIZ LD dim f5ESNFHNT -2 ES %, BE
DU TLERA L ERBIWCE SR DN EITH, T78D
L, Tl AR —TEBE LIEER) XA —IV T %
190 B S5-312 3 /R VEITH & 2 2 3,
COBRKEET — ZAEBITDLM 2 > 23 A FIT X
v, X5-312& Hsample.c® L 512, HIKRC=— NIZDLM
SR & AN 5 721 TDLM Y A 7 AR FTREIC 22 - 72,

/" sample.c
#define MAX 1000

dlm int afMAX];

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

{
int i;
for(i=0;1<MAX;it+) afi]=1
for(i=0; i <MAX; it+) printf("%d ", a[i]);
return 0;

}

a1 )L dimc sample.c —IdIim

int (*__dlm_sh_a); N
int main(int argc, char *argv[])

{

int i;
dlm_init(argc, argv);

if(MYPID == 0){
__dlm_dim[0] = 1000;
_dim dim[1]=-1;
_dim _div[0] =-1;
_ dim sh a ( int (*))dlm_mapalloc(_ dlm dim,
__dlm_div, sizeof{ int ),0, dlm_nproc);

for(i=0;1<1000; i++) _ dlm sh a[i]=1;
for(i=0;1< 1000; i++) printf("%d ", _ dlm_sh_a[i]);
{ dlm_exit(); return 0; }

}
dlm_exit();

}

5-3 DIM a2/ S 12k BT AT 5 LD EHAH

6. EHylIz

ARHFFETIE, TG AT Y W) a2 T OER
a— Fokifkl, [772FmiFar "4 T~DA Ly
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N, £, 77AFMFaL "4 T~DA Ly N
DB L VUKD MpC FiBlZH~, v LF a7 O
RAGIEHT LN TERE, BT, BRREET —4
RS DLM 2234 T OREEUZ LY, dlm FRIk o &
T DLM v A7 ADBFIHATREIC 72 o 72,
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