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The Design and Implementation of the ParaC Language

Kyoung Seok Lee' - Young Choon Woo' - Jin Mee Kim' - Dong Hae Chi'

ABSTRACT

This paper describes the design and implementation of the ParaC language that supports parallel programming
on the shared memory and distributed memory parallel machine. The ParaC language is designed for the effec-
tive use of system resources of scalable paraliel systems. The goal is achieved by adding parallel and synchroniz-
ation constructs for shared address spaces, and remote task constructs for distributed address spaces. This paper
also shows the translation method, and we implement the translator and the run-time library for parallel ex-

ecution of extended constructs.
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atomic-statement: atomic statement

type-specifier: lock

task
type-qualifier: single
tcreate-statement: tcreate-expression

parallel-statement. parallel { statement-list,: }

pfor-statement:.  pfor ( pfor-init-statement ; expressionsp,: ; expressions ) { statement }
pfor-init-statement: declaration-specifiers init-declarator-list

spawn-statement: spawn postfix-expression ( argument-expression-liste, )

atomic ( primary-expression.: ) statement

unary-expression assignment-operator tcreate-expression ;
tcreate-expression: tcreate ( string-constant )
toall-statement:  unary-expression assignment-operator tcall-expression
teall-expression:  teall ( postfix-expression, identifier ( argument-expression-liste: ));
tsend-statement: tsend ( identifier, argument-expression-listop: )
treceive-statement. treceive ( identifier , argument-expression-listop: );

(33 3) paraC 2
(Fig. 3) ParaC syntax
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int datal100]:
func (int count)
{

int t:
for (t=0. t < count;t++)
printf (“xd = xd = xd\n”", t, t, datalt]):

main (void)
{

int count’

parallel {
dataf0) = 0 = O: /5 C1 %/
parallel { /% C2 %/
data(1] =1 = 1; /% C21 s/
datal21 = 2 = 2; /% C22 %/

}

pfor {count=3; count<i00; count++) { /% (3 #/
datalcount] = count * count; /% C31 &/

) A

spawn func (count): /% C4 &/

(O3 4) HE 22 A2 o
(Fig. 4) An example of parallel constructs
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main (void) {
lock 1k:;
single int flag:
int result, count = 0:

parallel{
atomic (1K) count++: /x CL s/
atomic (1k) count++; /% C2 %/
flag = 1: /% C3 3/

result = flag: /% C4 %/
}

(38 5) E71% 722 A2 o)

(Fig. 5) An example of synchronization constructs
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E Y= 3t 358 ges R 2ANA A
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/% FEHAH LZ 1Y main pc 2/
main (int argc, char #argv[])

task pid;
task cid:
int n=1:;

pid = tcreate(”/home/parac/producer”):/z CL */
cid = tcreate(”/home/parac/consumer”):/* C2 */

parallel { /% C3 =/
tcall(pid, producer(cid, n)): /% C4 =
tcall(cid, consumer(pid, n)): /7% C5 =/

}

/x Bel23 XZ I3 producer.pc */
task producer(task cid, int n) /% C6 =/
{
int i;
static int send_data=100:
for(i = 0: i < n; i++)
tsend(cid, send_data): /% C7 %/

/% BRel A X213 consumer.pc =/

task consumer(task pid, int n) /% C8 %/
int i;
static int receive_data:
for(i = 0; i < n: i++)
treceive(pid, receive_data): /% C9 =/

(O3 6) @HENAT 22 A2 0
(Fig. 6) An example of remote task constructs
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int pthread_create (pthread_t * thread, pthread_
attr_t * attr, pthread_fun_t func, any_t arg);
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lock F#&3 atomic 759 WL FFo] AHLH
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int pthread _mutex _lock (pthread _mutex _t * __mutex);

int pthread _mutex_unlock (pthread _mutex _t * __mutex);

single 7+ #-& Wy AAF P2 A Y= D2 single
2 Adg Hgvt 28 WM AME o F)8

void _single_write (_CONTROL = ctr) {
pthread_mutex_lock (&ctr->mutex):
if (Y((ctr->flag) & Ox01)) {
ctr->flag i= Ox01;
pthread_cond_signal (&ctr->cond):
} else {
printf ("ParaC: ERROR : Multiple Assignments to
single\n”):
exit (-1):
}
pthread._mutex_unlock (&ctr->mutex):
1
void _single_read (_CONTROL * ctr) {
pthread_mutex_lock (&ctr->mutex):;
if (! ((ctr->flag) & O0x01))
pthread_cond_wait{&ctr->cond, &ctr->mutex):
pthread_cond_signal (8ctr->cond):
pthread_mutex_unlock (&ctr->nutex):

i

(27 7) guse FRE A a

(Fig. 7) Functions for the single construct
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int * _single_write_int {_single .int % value) {
_single_write (&value —ctr);
return &value — value;

3

int * _single_read_int (_single_int * value) {
_single_read (&value —ctr);

return &value — value;

4.1.3 94 923 &
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/¢t AYE FeA3 T2 Y pain.c &/

typedef struct {

-TASK cid:

int n;
} _PRODUCER.1:
-PRODUCER_.1 _producer._1:

int  _call_tcall_producer_1 (_TASK  task, char
*task._name, char sparams, int size)
{

int _result:

-send_task_name (task, task_name):

-Send_params (task, params, size):

-receive_result (task, (char *) 8&_result, sizeof
(_result)):
) return (_result):

void /5 C'3 s/

zpax{'_tl'nr.fun_l (-par._thr_argt_1 = _par_thr_arg_1)
-broducer_1.cid = (*(_par_thr_arg_1->cid));
-broducer._1.n = (s(_par_thr_arg_1->n));

-—call_tcall _producer_1 ((*(_par.thr_arg_1->pid)),
producer “, (char *) &producer_l, sizeof
(_PRODUCER..1)): /5 C'4 %/
)}

main (int argc, char sargv[]) {
_TASK pid:
_TASK cid.
intn=1;

~lookup_taskgroup (): R
pid=_call_tcreate( “/home/parac/producer”); /= C'1 */
cid=_call_tcreate(”/home/parac/consumer”); /+ C'2 s/

error = pthread_create (& par_thr_1, NULL, (void
#(*)()) _par_thr_fun.1, &.par_thr_arg 1);

error = pthread create (& par_thr_2, NULL, (void
*(#)()) _par_thr_fun_2, & par_thr_arg 2);

pthread_join (_par_thr_i, NULL):
pthread_join (_par_thr_2, NULL):

_terminate {);

/x WYE Rel23 T2 Y: producer.c */

typedef struct {

int send_data:
} _PARAMS. 1:
-PARAMS_1 _params_1:
typedef struct {

_TASK cid:

int n;
} _PRODUCER_2:
-PRODUCER_2 ._producer_2:;

main (int argc, char rargv[]) (
int producer (_TASK, int):
char _temp_nanme[128]:
int _stringlen: _TASK cid: int n:

_port = _get_port ();
= _send_task_desc (_port, argv[i]):
-stringlen = strlen (" producer “):
while (1) {
-receive_task _name (_port, _temp_name):
if (!'memcmp (_temp_name, =~ producer
—stringlen)) {
if (_receive_params ((char *) & producer_2,
sizeof (_PRODUCER_2)) < 0)
fprintf ((8_.iob[1]), “pcc: Fail : Received
parameters\n”):;
cid = _producer.2.cid;
n = _producer_2.n:
producer (cid, n):
{

int _result:

_result = (1);
—send_result

(_mytaskid, (char )
&_result, fizeof (_result)):

}
if (_down (_temp_name))
-shutdown (_mytaskid):

}
producer (_TASK cid, int n) { /% C'6 3/
int i; .
static int send_data = 100:
for (1 =0; i< n: I++) {
—params_1, send_data = send_data’
-send (cid, (char *) @& params_l, sizeof
(_PARAMS 1)) /% C'7 %/
}

}

/» A YelA3 ZZ 18 consumer.c &/

consumer (_TASK pid, int n) /5 C'8 x/



{
int i;
static int receive_data;
for (i = 0; i < ns I+) {
_receive (pid, (char *) & params.l, sizeof
(_PARAMS_1)): /% C'9 2/
receive_data = _params_l.receive_data:

}

(2l 8) Hd of
(Fig. 8) An example of the translation
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