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Kernel-level Implementation of State Abstraction-based Synchronization

ATsuo OHKI, YasusHi KUNOt

“State Abstraction” is a framework in which states of a data structure (or an object) are
divided into small number of exclusive sets (“Abstract States,” or AST), and current ab-
stract state is explicitly managed by the code. In “State Abstraction-based Synchronization”
(or AST-sync), abstract states of the data structure guarded by a critical region are simi-
lary managed, and an activities can enter the region only when curent state is included in
the pre-specified set (e.g, in a bounded buffer, “get” operation can proceed only in “full” or
“mid” state, but not in “empty” state). AST-sync can express conditional synchronization
in conscice and readable manner, and can be efficiently implemented. We have previously
proposed an extension of POSIX Thread API which supports AST-sync, and have discussed
its expressiveness and performance. In this paper, we report our kernel-level implementaiton
of AST-sync based on multiprocessor-capable POSIX Thread libray included in FreeBSD 6.0-
RELEASE and its performance evaluation. As the result, our implementaiton outperforms
standard guard-based synchronization by factor of three to five, when the number of threads

are large.
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UL APT HAE
int ast_mutex_init(struct ast_mutex *m, int state) #E
int ast.mutex.destroy(struct astmutex *m) B
void ast_mutex_enter(struct ast_.mutex *m, int mask) B ic A B
void ast_mutex_exit(struct ast.mutex *m, int state) B % H 3
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nonempty FLHEEHH L L TERI L TWEIdD T
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void put (T p) {
pthread_mutex_lock (§mutex) ;
while (/¥y 7 7 Z3HFR)
pthread_cond_wait (§nonfull, &mutex);

/x BFRRAN Y 7 7 1T — X KRN +/

pthread_cond_signal (&nonempty) ;

pthread_mutex_unlock (§mutex) ;

}

void get (T #*p) {

pthread_mutex_lock (§mutex) ;
while (¥ 7 7 2372)

pthread_cond_wait (§nonempty, &mutex);
/x xp KRR~y 7 7 b T — 2 DL */
pthread_cond_signal (&nofull) ;
pthread_mutex_unlock (§mutex) ;

}
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void put (T p) {

ast_mutex_enter (§mutex, S_MID|S_EMPTY) ;
/x HREA Y 7 707 — X AR +/
if (v 7 7 23ERR)
ast_mutex_exit (&mutex, S_FULL);
else
ast_mutex_exit (&mutex, S_MID);
}
void get (T #*p) {
ast_mutex_enter (§mutex, S_FULL|S_MID);
/* xp ICHRR~ Yy 77 b T — 2 EHDHL */
it (N 7 7 2572)
ast_mutex_exit (&mutex, S_EMPTY);
else
ast_mutex_exit (&mutex, S_MID);

}
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Ecelati ol = — IR ¥ 2T ARH FEARRHH]
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H—Aaff | 0.601  (0.071) | 8269  (0.264) | 6.41  (0.203)

x4 HEEOHFR~y 77 [FEHHK (500x100:1x50,000)

Ecelati ol = — IR ¥ 2T ARH FEARRHH]
SEZEH | 1.081  (0.087) | 9872 (0.244) | 5.80 (0.106)
RASHE | 2713 (0.254) | 28.684 (2.230) | 16.99  (1.356)
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