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Incorporating State Abstraction-based Synchronization
into Thread Libraries

ATsuo OHKI' and YASUSHI KUNOf*

Thread libraries are widely used for concurrent programming on shared-memory multipro-
cessors. On POSIX Thread and other well-known thread libraries, condition variables are used
for conditional inter-thread synchronization. However, code with multiple condition variables
are difficult to understand and error-prone. Hence, programming style with single condition
variable is widely used. Standard synchronization scheme on Java programming languages is
effectively designed likewise. However in this scheme, all threads are woken up on each event
and have to check for their continuing conditions repeatedly, leading to large overhead. In this
paper we propose to incorporate state abstraction-based synchronization into thread libraries.
In our scheme, state of the data structure guarded by an mutex is mapped to small num-
ber of “abstract states.” Every mutex acquisition are guarded by a set of abstract states on
which the processing can continue. We also report our API proposal, along with experimental
implementation, performance evaluation and some discussion on code readability.
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Table 3 Water-marked buffer/a few waiting threads.
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void put(int data) {

pthread_mutex_lock(&mutex) ;

while(count >= BS)

pthread_cond_wait (&full, &mutex);

buf [ipt] = data; ipt = (ipt+1)JBS; ++count;

pthread_cond_signal (&empty) ;

pthread_mutex_unlock(&mutex) ;
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ogooooooo int v;

void put(int data) { v = pthread_mutex_init(&t->ast_pmutex, NULL);
pthread_mutex_lock (&mutex) ; v |= pthread_cond_init(&t->ast_pcond, NULL);
while(count >= BS) t->ast_bits = state;

pthread_cond_wait(&delay, &mutex); *mutex = t;

buf [ipt] = data; ipt = (ipt+1)JBS; ++count; return v;
pthread_cond_broadcast (&delay) ; }
pthread_mutex_unlock(&mutex) ;

} int ast_mutex_destroy(ast_mutex_t *m) {
oooooo0oO0 int v;

v = pthread_mutex_destroy(&(*m)->ast_pmutex) ;

void put(int data) {
v |= pthread_cond_destroy(&(*m)->ast_pcond) ;

ast_mutex_enter (&mutex, S_EMPTY|S_MID);

buf [ipt] = data; ipt = (ipt+1)%BS; ++count; free(+m);
ast_mutex_exit (&mutex, (count>=BS)7?S_FULL:S_MID); *m = NULL;
} return v;
}
oooooooog
void put(int data) { void ast_mutex_enter(ast_mutex_t *m, int mask) {
pt?read_mutex_lock(&mutex); pthread_mutex_lock(&(*m)->ast_pmutex) ;
while(count >= BS) while(((*m)->ast_bits & mask) == 0) {

pthread_cond_wait (&delay, &mutex);

pthread_cond_wait (&(*m)->ast_pcond,
buf [ipt] = data; ipt = (ipt+1)%BS; ++count;

& (*m) ->ast_pmutex) ;

pthread_cond_broadcast (&delay) ; }
pthread_mutex_unlock(&mutex) ; }
}
000000 put OOOCOO BS OOODODO void ast_mutex_exit(ast_mutex_t *m, int state) {

(*m)->ast_bits = state;
pthread_cond_broadcast (& (*m)->ast_pcond) ;
ooooooooo pthread_mutex_unlock(&(*m)->ast_pmutex) ;
void put(int data) { }

ast_mutex_enter (&mutex,S_EMPTY|S_MIDLO|S_MIDHI);

buf [ipt] = data; ipt = (ipt+1)JBS; ++count; (0O 170120 21000)

ast_mutex_exit (&mutex, (OO 180 30 22000)
(count>=BS) ?S_FULL: (count>=WM) ?S_MIDHI:S_MIDLO) ;

WM(=BS/2) OO OOOOODODO

}
void putb(int data) {
ast_mutex_enter (&mutex, S_EMPTY|S_MIDLO);
buf [ipt] = data; ipt = (ipt+1)JBS; ++count;
ast_mutex_exit (&mutex,
(count>=WM) ?S_MIDHI:S_MIDLO);

o ooooooo

19570001983 0000000
goooooocooooobooooo
goooooocooooobooooo

} gooooooocoooooooon
A.2 POSIX Threads OO OO0OODOOOOO gooooooooooooooon
RN ooooobooooooobooooooooooooo
000000000000 POSIX Thread 0O O gooobooooooooobooooooboobo
dtoddddoodooooooUooobooooooo 00000 FreeBSDMMOOOOOOOOODOOOO
gbobooooboobOooocboooooboooooonon O0Do0ooDoooo
ooooooo

#include <pthread.h>

struct ast_mutex {
pthread_mutex_t ast_pmutex;
pthread_cond_t ast_pcond;
int ast_bits;

};
typedef struct ast_mutex *ast_mutex_t;
int ast_mutex_init(ast_mutex_t *mutex, int state) {

struct ast_mutex *t =
(ast_mutex_t)malloc(sizeof (struct ast_mutex));
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