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A Device of Parallelism Control in POSIX Based Parallelization
of Recursive Algorithms

Hyung-Bong Lee'- Chung-Ho Baek'

ABSTRACT

One of the major purposes of multiprocessor system is to get a high efficiency in performance improvement. But in most cases, it is unavoidable
to use some special programming languages or tools for full use of multiprocessor system. In general, loop and recursive call statements of algorithms
are considered as typical parts for parallelization. Especially, recursive call statements are easy to parallelize conceptually without support of
any special languages or tools. But it is difficult to control the degree of parallelism caused by high depth of recursive call leading to execution
crash. This paper proposes a device to contol parallelism in the process of POSIX thread based parallelization of recursive algorithms. For this,

we define the concept of thread and process in UNIX system, and analyze the results of experimental application of the device to quick sorting
algorithm.
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| : : PC : Program Counter
¢ PSW. SP : Stack Pointer
2 Gerieral registers PSW : Program Status Word
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table Thread_tablelMAX_THREAD] :
int Nthread = 0 ;
mutex semaphore = INIT_SEMA ;
external condition cond = INIT_COND ;
/A sE=e FH
Procedure Alloc_thread(paramater)
begin
mutex_lock(semaphore) ;
if (Nthread MAX_THREAD) then
begin
mutex_unlock(semaphore) ;
return FAIL ;
end
-+ allocate Thread_table[] index -
Nthread++ ;
mutex_unlock(semaphore)
Thread_tablelindex].parameter = parameterlindex ;
create_thread(Thread_table[index].id, Dispatch,
Thread_table[index].parameter) ;
return SUCCESS ;
end

Procedure Dispatch(parameter_index)
begin
process_function(parameter of parameter_index) ;
mutext_lock(semaphore) ;
Nthread-- ;
-+ release Thread_table[] of index -of parameter_index -
mutex_unlock(semaphore) ;
if (Nthread = 0) then
signal_thread(cond) ;
exit_thread() ; // thread termination
end
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Ee o 3k & 3] 0 xl= 3lad &
Fo] FA9 oA & T AEY oAE HEE & UL Allocate_thread(int left, int right)
oZ2, Az gle e Al ZAFE $oEA JEn) {
AZ A% WARGE 2 Fol7] AR Aol it
if (Nalloc >= Nproc)
return(-1) ;

extern Item DataO[]1; //X&& dlo]g

extern int Ndata : ELEEY pthread_mutex_lock(&Th_pool_mutex) ;

if (Nalloc >= Nproc) {

THREAD. POOL Th_pooll 1; /Aol A pthread_mutex_unlock(&Th_pool_mutex) ;

int Nthread = MAX_THREAD ; // ~d= AW 4 \ return(-1) ;
. ool Aae
glt;reljg] lx(r)mcutex t Th_pool /I:f:i'{?_ == for (i = 05 i < Nproc; i++) {
- — — ~ 1 1 =
PT MUTEX_ INTTIALIZER: if (Thbrpooe al{l[}].state 1= ST_BUSY)
# define Mkirp(l, 1, p)  (((long)(1) << 36) | ) ’

(long)(r) << 12 | (long)(p))
#define Left(irp) (int)(((long)(Irp) >> 36))
#define Right(lrp)  (int)(({long)(Irp) >> 12)

& 0x0000000000f{{{ffL)

Th_pool[i].state = ST_BUSY ;

Nalloc++ ;
pthread_mutex_unlock(&Th_pool_mutex) ;
pthread_create(&Th_poolli].thread, &T _attr,

# define Thread(lrp) (mt)(((long)(lrgi & ) Dispatch, (void +MKkirplieft, right, 1) ;
pthread_cond_t W_cond = ) return) ;
PTHREAD_COND_INITIALIZER ;

thread_attr t T_attr ; /AR 2HE &4
gortejiatz() / }“:1 e © void Dispatch(void * Ir)

. T {
{ .

.. . int th ;
pthread_attr_init(&T_attr) Quicksort(Left(Ir), Right(In) ;

pthread_attr_setdetachstate(&T _attr,
PTHREAD_CREATE_DETACHED) ;

pthread_mutex_lock(&Th_pool_mutex) ;

N _ th = Thread(In) ;
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(38 12) 2 HEe| HHXE 2o POSIX A== 786t pthread_exit(NULL) ;
Mol 2= }
void * Quicksort(int left, int right) (22! 14) 2 H™EE 2I8F POSIX 22z WEM Mo FE
{
b 42 3 FolMel Wzl 2 WY Hojol 58N AZ
em v, t; ’
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if (left < right) { -
o Azd 2 AY Helg

v = Data[ right];

i_=le,ftht-.1? (29 12~(a¥ 149 Z2ade <F 2>9 273
=17 s -
Y A AgARE 9ol 952y Ang Ay

while (Data [ ++i] < v)
; (E 2> 3| 33 HENZ| Alged

while (Data[--j] > v)

y z‘iol- = /\]_ og:
if @ >=j) o g
break ; Az 2d COMPAQ ES40
t = Data[il; Data{i] = Datalj]; Dataljl=t; CPU 2" Alpha Ev67 667MHz
} =
CPU 7 4
Data[right] = Datali]; Datali] = v NP L
if (Allocate_thread(left, i-1) < 0) // Ao|38 5% o o Wzl 27| 4G Byte
. . . - = L6
.Qu.leSOIjt (lefF, 1—1)., /) =HE EA Wa 7z SMP(UMA)
Quicksort (i+1, right) ;
) &G A A COMPAQ TruBAUNIX
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A]@ p =3 2 ~
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