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Asymmetric Spin Lock and Its Application to Java

KiyokuNt KawacHIvA,t AKIRA KOSEKIT and TAMIYA ONODERAfT

Lock reservation, a powerful optimization for Java locks, is based on the observation that, in
Java, each lock tends to be dominantly acquired and released by a specific thread. Reserving
each lock for such a dominant thread, it allows the thread to acquire and release the lock
without any heavy atomic operation. The algorithm recently proposed has embodied the idea
and significantly reduced the synchronization overhead on reservation hit. However, when
the second thread tries to acquire the lock, the reservation is canceled and the lock will not
be accelerated from then. This cancellation also needs the first thread to be stopped, which
incurs a performance penalty. In this paper, we propose a new algorithm of lock reservation
which overcame the problems. We derive the algorithm in two steps. First, we create an asym-
metric algorithm for spin lock, in which a specific thread can acquire the lock very quickly.
Second, the new asymmetric spin lock is embedded into a state-of-the-art algorithm for Java
lock. We have evaluated our algorithm in a production Java virtual machine. The benchmark
results show that our algorithm achieves high performance close to the previous algorithm on
reservation hit, exhibits no anomaly on reservation miss, and causes more reservation hits.
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Fig.1 Lockword semantics of the original lock
reservation.
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Fig.2 State transition of the original lock reservation.
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1 #define SUCCESS 1

2 #define FAILURE 0

3 typedef int thread_t;

4

5 int compare_and_swap(volatile thread_t *addr,

6 thread_t old, thread_t new) {
7 /x UTOUENRRAZIITONS */

8 if (*addr == old) { *addr = new; return SUCCESS; }
9 else return FAILURE;

10 }

11

12 void acquire(volatile thread_t *lock) {

13 while (try_acquire(lock) != SUCCESS)

14 continue; /* T BETAEY */

15 }

16

17 int try_acquire(volatile thread_t *lock) {

18  return compare_and_swap(lock, 0, thread_id());
19 }

20

21 void release(volatile thread_t *lock) {

22 *lock = 0;

23 }

0 8 comparecand swap 00 00000000000 OCOOOO
ooooooo
Fig.3 Semantics of compare_and_swap and a simple spin

lock using it.
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Fig.4 Data structure of the asymmetric spin lock.
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Fig.5 State transition of the asymmetric spin lock.
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1 typedef struct {

2 thread_t owner; /* FHIZALw KD ID */

3 thread_t other; /* ZTHNLNTHBERZHAATVBAL Y FOD ID */
4 int owner_status; /* TRIALvw Fonw JMGERTIST */

5 } asym_spin_t;

7 void acquire(volatile asym_spin_t *lock) {
8 while (try_acquire(lock) != SUCCESS)

9 continue; /* WINTABETALEY %/

10 }

12 int try_acquire(volatile asym_spin_t *lock) {
13 thread_t owner = lock->owner;

14  thread_t myID = thread_id();

16  if (owner == 0) { /* FRIOHEE (RAIDT Y 7HE18) */
17 if (compare_and_swap(&lock->owner, 0, myID) != SUCCESS)

18 return FAILURE;

19 owner = myID; /% FRIDHINT 5 L TS */
20 )}

21  if (owner == myID) { /* FHAL v FDFE »/

22 lock->owner_status = 1;

23 if (lock->other == 0)

24 return SUCCESS;

25 else {

26 lock->owner_status = 0;

27 return FAILURE;

28

29 )

30 else { /* FRIAL Y RUSDEE */
31 if (compare_and_swap(&lock->other, 0, myID) != SUCCESS)
32 return FAILURE;

33 if (lock->owner_status == 0)

34 return SUCCESS;

35 else {

36 lock->other = 0;

37 return FAILURE;

38 }

39}

40 }

42 void release(volatile asym_spin_t *lock) {
43 if (lock->owner == thread_id())

44 lock->owner_status = 0;
45  else

46 lock->other = 0;

47 }

06 0O0O0O00DODOOOOOODODD
Fig.6 Algorithm of the asymmetric spin lock.
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Fig.7 Data layout in the one-word variation.

1 #define OWNER_MASK 0x000££f00
2 #define OTHER_MASK Oxfff00000

3

4 /x UTOEHY MY T4 TURRELTNS */

5 #define OWNER_STATUS_BYTE(lock) (((char *)lock)[0])
6 #define OTHER_SHORT(lock) (((short *)lock)[1])

7
8 /* thread_id() &, owner 71 —)VRIZADLETY T MEAHD
9 0x00000100~ 0x000£££00 DFHEFHDMEEETELDET S */
10 #define OWNER_TO_OTHER(tid) ((tid)<<12)

12 void acquire(volatile word_t *lock) {
13  while (try_acquire(lock) != SUCCESS)
14 continue; /* BINTBETAEY »/
15 }

17 int try_acquire(volatile word_t *lock) {
18  word_t 1 = *lock;
19  word_t myID = thread_id();

21 if ((1 & OWNER_MASK) == 0) { /* TRIOWEEETY 7 */
22 word_t locked = myID | 1;
23 return compare_and_swap(lock, 0, locked);

}
25  else if ((1 & OWNER_MASK) == myID) { /* FHIAL v ROHE */
26 OWNER_STATUS_BYTE(lock) = 1;

27 if ((*xlock & OTHER_MASK) == 0)

28 return SUCCESS;

29 else {

30 OWNER_STATUS_BYTE (lock) = 0;

31 return FAILURE;

32 }

33 }

3¢ else { /x FRIZAL Y RUSDEE »/
35 word_t unlocked = 1 & OWNER_MASK;

36 word_t locked = unlocked | OWNER_TO_OTHER (myID);
37 return compare_and_swap(lock, unlocked, locked);
38 }

39 }

41 void release(volatile word_t *lock) {
42 word_t 1 = *lock;

44  if ((1 & OWNER_MASK) == thread_id())

45 OWNER_STATUS _BYTE(lock) = O;

46  else {

47 word_t unlocked = 1 & “OTHER_MASK;

48 OTHER_SHORT (lock) = OTHER_SHORT (%unlocked);
49 1}

50 }

08 10000000000D0DDO
Fig.8 Algorithm of the one-word variation.
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1 #define SHAPE_BIT 0x80000000
2

3 int try_acquire(volatile word_t *lock) {

4 return compare_and_swap(lock, O, thread_id());

5}

6

7 void release(volatile word_t *lock) {

8 *lock = 0;

9}

10

11 void inflate(volatile word_t *lock, monitor_t *mon) {
12 *lock = SHAPE_BIT | (word_t)mon; /* Shape Y FEI[ T3 */
13 }

14

15 void deflate(volatile word_t *lock, monitor_t *mon) {
16  *lock = 0; /* Shape ¥'v FEEE L, AV J&HEIK +/
17 }

18

19 void Java_lock_acquire(Object #*obj) {

20 /* 7T FE—F #/

21 if (try_acquire(&obj->lock) == SUCCESS) return;

23 /x 77y hE=F, & LRBT 7y FE—F\OBIT »/
24 monitor_t *mon = obtain_monitor(obj);

25 monitor_enter(mon);

26  while ((obj->lock & SHAPE_BIT) == 0) {

27 obj->contention = 1; /* HEMNB I LELR */

28 if (try_acquire(&obj->lock) == SUCCESS) {
29 obj->contention = 0;

30 monitor_notify_all(mon);

31 inflate(lock, mon);

32 } else

33 monitor_wait(mon) ;

34

35 }

36

37 void Java_lock_release(Object *obj) {
38 /* 759 FE—F #/

39 if ((obj->lock & SHAPE_BIT) == 0) {
40 release(&obj->lock) ;

41 if (obj->contention == 1) { /* WENH SIS »/
42 monitor_t *mon = obtain_monitor(obj);

43 monitor_enter(mon);

44 if (obj->contention == 1) monitor_notify(mon);
45 monitor_exit (mon) ;

46 }

47 return;

48

49

50 /x 77y hE=K, WHEELT Ty FE— RADEIT »/
51 monitor_t *mon = obtain_monitor(obj);
52 if (no thread waiting on obj)

53 if (better to deflate)

54 deflate(&obj->lock, mon);
55 monitor_exit(mon);

56 }

57

58 monitor_t *obtain_monitor(Object *obj) {
59 word_t 1 = obj->lock;
60 if ((1 & SHAPE_BIT) != 0)

61 return (monitor extracted from 1);
62 else

63 return (monitor associated to obj);
64 }

013 TasukiOOOOOOOOOO
Fig.13 Algorithm of Tasuki lock.

acquire 0000000000000 Otry_acquire
obooboooooobobooboo2r0o0mooooo
ooobooDODOODODOOODOOObOOOObOObODbO



Vol. 45 No. SIG 5(PRO 21)

o0o00o00ooo0ooo00ooOoOoooOooonon
oboooooooooo2s0oimoooobooood
O00O0O0OC0CO0O00O0ODOOOOOOinflatedOO0OO
ooooooooooooo
oO0000000000000000Javalock--
release 00000000000 OCO0O0O0OOOODO
oo0ooOo00oooOooo0OoOoOO00O0b0ooo0oo
Orelease0 0000000000 400000000
Oob0o0ooooooooooooooooooon
obooooooooOoooobooO0Ooo000ngbss
O0ooO0o0ooooOoboO0O00oOoooO0Oooooon
0000000000000 Odeflate0O0O0O
ocooooOoOoooO0oooOooooooboo
contentionO0 000000000 OOOOOOOO
0000000000000000000DOO0o0OO®
0ooo0oooooo
TasukiOOOOOOOOO try_acquirel release
000 30000 compare_and_swapU OO OOO
000000000000000 Shaped 000000
oobooobooooooboi1o0b0bo00000oo0o0
ooooooooO0oOoOoOOO0OO0OOO0OO0O00O0O0O0O
00000000000 00000000Oinflated
deflate00000O000O0OOO0O0OOCOOOO
ooooOoO0ooOO0O0O0OO0b0OOoOOOOO0OOo
00000000000 JavaO0OO0OOOO0OOOO
oboooos4000000100000000
oooooooooooboooooo9boOooOoog
OO0OShape0O000O0O0O0O0O00OORO
014000000000000 TasukiOOOO
O0o0000000000000000000000
ooooogsbooooooonooooooooond
O0O00000O0rent000000O0OOOOOO
ooooooOoso0000ooooooooooan
oooooooooooogoooooooooon
oooOooOooooOo00OOoO0O0O0O0O00000
000000000 0OShape 0000 10000
try_acquire 000000000000 OO0OOOO
ooooooo0ooo0oooooooOooooOon
ooooooOoobooooOoo0oooo 16020022032
00 @Mrelease 00 O0O0O0O0O0O00O0O0O0O0O0DOO

Y 0000000000000 0owner 000 other 10000
010000000000000000000000000 Java
oo0o00oo0o00 1023000000000000900000
0000070000 owner000000000OrentOO0O
gobo0ooO0o0ooO0oO0O0ooOo0 IDO 15000000
ooooooo

gooooooooo0o0ooo0 JavaO0OOO 75

Shape £ | owner_status

75 v hE—F [Ofren] other [ owner 7]

1 3 10bit 10bit 1 (7)
TrvirEe—F [__Fag ) ><1]
P2 R
a2y 27 o
7 — s i

09 0O0000O0DO0OOOOOOO0OOOO0OOO0O00ODOO0
Fig.9 (re-shown) Lockword structure of the new

reservation-based Java lock.

1|#define SHAPE_BIT  0x80000000
2|#define OWNER_MASK 0x0003f£00
3|#define OTHER_MASK O0x0f£c0000
4

§|#define SHAPE_OWNER_MASK (SHAPE_BIT | OWNER_MASK)
6|#define SHAPE_OTHER_MASK (SHAPE_BIT | OTHER_MASK)
7

8 #define OWNER_STATUS_BYTE(lock) (((char *)lock)[0])
9 #define OTHER_SHORT(lock) (((short *)lock) [1])
10|#define OWNER_TO_OTHER(tid) ((tid)<<10)

11

12 int try_acquire(volatile word_t *lock) {

13 word_t 1 = *lock;

14  word_t myID = thread_id();

15

161 if ((1 & SHAPE_OWNER_MASK) == 0){ /+ FHIOWEEE T v Y */

17 word_t locked = myID | 1;

18 return compare_and_swap(lock, 0, locked);
19}

20| else if ((1 & SHAPE_OWNER_MASK) == myID) { /* FHIAL v F */
21 OWNER_STATUS_BYTE(lock) = 1;

22| if ((*lock & SHAPE_OTHER_MASK) == 0)

23 return SUCCESS;

24 else {

25 OWNER_STATUS_BYTE(lock) = 0;

26 return FAILURE;

27 }

28 )

29  else { /x FRIAL Y FUSNDIBZE =/
30 word_t unlocked = 1 & OWNER_MASK;

31 word_t locked = unlocked | OWNER_TO_OTHER (myID);
32 return compare_and_swap(lock, unlocked, locked);
33| /* Shape ¥ hHII> TR ERKTS »/
34 }

35 }

36

37 void release(volatile word_t *lock) {

38 word_t 1 = *lock;

39

40 if ((1 & OWNER_MASK) == thread_id())

41 OWNER_STATUS_BYTE(lock) = 0;

42 else {

43 word_t unlocked = 1 & “OTHER_MASK;

44 OTHER_SHORT (lock) = OTHER_SHORT (%unlocked) ;

4 }

46 }

47

48|/* mon ¥y FU— KD 8~30 B FHICKETXHLDETS */
49|void inflate(volatile word_t *lock, monitor_t #*mon) {

50| mon->spin_owner = *lock & OWNER_MASK; /* owner TiRZE{R{E *+/
51| if (mon->spin_owner == thread_id())

52| *lock = SHAPE_BIT | (word_t)mon;

63| else while (1) {

54| word_t 1 = *lock;

55| word_t inflated = SHAPE_BIT | (word_t)mon | (1 & 1);

561 if (compare_and_swap(lock,l,inflated) == SUCCESS) return;
571

581}

591

60|void deflate(volatile word_t *lock, monitor_t *mon) {

61| if (mon->spin_owner == thread_id())

621 *lock = mon->spin_owner; /* owner WHHREHITT */
63| else while (1) {

64| word_t 1 = *lock;

651 word_t deflated = mon->spin_owner | (1 & 1);

66| if (compare_and_swap(lock,l,deflated) == SUCCESS) return;
67| }

681}

014 TasukiDOOODOOODOOODOOODODOOOO
Fig.14 Asymmetric spin lock adjusted for being
employed in Tasuki lock.
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