Vol. 44 No. SIG 15(PRO 19) goooooooooboooooooo Nov. 2003

oo ooooobobboJavalUOOO0OoOnO

ooo ooof o oo ot ooo oof

Java0OOOOD0O0OO0OO0OO0OO0O0OO0OO0OOO0OO0O0ODOOOOOODOOOCODOODOOOOOOO0O0O0
gooobooobooooooOoooooooobooOoobooOobOOobOOoOoOoO0ObOOOoObObOOobOOoOonOn
gbooooooo0oOoooooooooooooOoOoOobOboOoOoOoOoOooOoOoOOObOOObOOODO
gooooooooooooboOoOooboOoO0obo0o0oOoo0ooooOooOoooOOObObOOOOOO0DOOn0D
gooo0ooooooooOoCbocOoOoOoOoOoOOOOO0OOOoO0OoOoOooooooooooooOooOonO
gobooooboooooooooooooboOoObObOO0O0ObOO0OOOOOobOOooOooooooooo
000000000000 000000Ocompare_and_swap U0 000000000000 O0O00OO
oooo0ooooOo0oOoo0o/O0oo0000o00oo0o0oO0oooUoO0ooDoOoOoDooUooUo
gooooooooooboooboOoooOoooObOOOOODOOOOOOOOOODOOOOOOOO
IBM Java VM O JITODODOOOOOOOOOOOOOOOOOOOOOOOOODOOOOOODOO
oooooo0ooooo s3%00000000000a0

Accelerating Java Locks by Utilizing Their Thread Locality

Krivoxkunt KAwACHIYA," AKIRA KOSEKIT and TAMIYA ONODERA'

In Java execution, lock operations are performed very frequently to realize exclusive oper-
ations among multiple threads. Therefore, accelerating the lock performance has been very
important to execute Java-based applications faster. We investigated the lock behavior of
Java programs, focusing on the relation of each object and threads acquiring the object’s
lock. It turned out that for many objects, the lock is acquired by only one thread specific to
the object, even in multi-threaded Java programs. By utilizing the thread locality, this paper
shows a novel ultra-fast locking technique for Java. The algorithm allows locks to be reserved
for threads. When a thread attempts to acquire a lock, it can do without any atomic opera-
tion if the lock is reserved for the thread. Otherwise, it cancels the reservation and falls back
to a conventional locking algorithm. We have implemented the lock reservation mechanism
in IBM’s production virtual machine and JIT compiler. The results show that it achieved
performance improvements up to 53%.
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Fig.1 Thread localities.
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Table 1 Investigation of Java locks.
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Object Reserve mode Base mode 1 // Lockword structure in each object header
it ; ; 2 : struct Object {
3 : :
Anonymoubly reserved Reserved for Thread A Base locking algorithm 4 struct lockword { // [tid:rcnt:R]
5 : unsigned int tid N; // Thread ID of the owner
6 : unsigned int rcnt : M; // Recursion count
unreserye 7 unsigned int reserve : 1; // LRV bit
[ 0 [ o0 [1] [ A [0 [1] =——— XXXXXX [o] 8 } lockword;
acquire 9 : :
(initial .~ynchmn/izau$‘ ““’“”"’l T””"‘“‘"’ 10 = };
11
Acquired [A T T 1] S| YYyyyy [o] 12 : int acquire(struct Object *obj)
13 :
a('{/m’r'el release 14 struct lockword 11, 12;
15 int myTID = thread_id();
Recursively acquired [ A | 2 [1] “Aesee 222222 To] 16 :
17 retry_acquire:
18 : 11 = obj->lockword; // read the lockword  =--------- (1)
19 : A
20 : // check special cases |
03 OD0boooooood 21 if (l1l.reserve == 0) goto base_acquire; |
Fig.3 Lock state transitions 22 @ if (11.tid == 0) goto make_specific; unsafe
: : 23 :  if (11.tid != myTID) goto unreserve_and_base; region
24 : if (11.rcnt == RCNT_MAX) goto unreserve_and_base; |
25 : |
26 : // reserved for me, and rcnt < RCNT_MAX |
goboooooopbobobooobooooooooooo e 12 230; 13 rentees v
28 obj->lockword = 12; // write the lockword -----—---- (2)
gboooobooboboooooooo 29 :  reburn SUCCESS;
30 :
rent 000000 00O00OODO 2(a)MOo00O 31 : make_specific:
32 12 = 11; 12.tid = myTID; 12.rcnt = 1;
000000OO0oo0O0Oo0OO00o0ob0Oo0ooOooooboooDo 33 if (compare_and_swap(&obj->lockword, 11, 12) != SUCCESS)
goto retry_acquire;
10000000 2(b)0000000O00OO00ODOOOO0O 34 return SUCCESS;
35 :
000000000000000000000000 36 : unreserve_and_base:
37 unreserve(obj, 11.tid, myTID);
0000000000000000000 rent 000 s : ,
39 base_acquire:
0000000000000000000/0000 % @ retum base acquire(ob);
42
uouooobooooobooooooboooo 43 : int release(struct Object *obj)
. 44
00000 00+tid000000 rent00OQonog 45 struct lockword 11, 12;
46 int myTID = thread_id();
0000 o00DO0OO0 2(c)DoOoOUDOODOO a7
48 retry_release:
00000000 0oooooooooboooooooa 49 : 11 = obj->lockword; // read the lockword -—-------- (1)
50 : A
gooooooooooobooooboboboodm 51 : // check special cases |
52 : if (l1l.reserve == 0) goto base_release; |
o000 oo g g 53 : if (11.tid != myTID) goto illegal_state; unsafe
54 : if (11.rent == 0) goto illegal_state; region
55 : |
noooooooo 56 : // reserved for and held by me |
57 12 = 11; 12.rcnt--; v
obbooobboooo LRVOoOooooboboono 58 : obj->lockword = 12; // write the lockword --------- (2)
59 : SUCCESS;
gobboobooooobboobooboooooboo o . e
61 illegal_state:
goooboobbobOooooboooooooo g 62 return IllegalMonitorStateException;
63 :
Jooddobooooooooobobooooooa 64 base_release:
65 return base_release(obj);
goboobooooooboobooooboboooobooo gg
o000 oo ooogooo 68 void unreserve(struct Object *obj, int ownerTID, int myTID)
69
03000000000000000000000 70 struct lockiord 1t, 12;
71 struct Context context;
72
ooooobooo 73 if (ownerTID == myTID) ownerTID = 0;
3.2 000000 ;451 ; thread_suspend (ownerTID) ;
76 try_ B
0400000000000000000000 77 1 11 2 objosTeckuord;
78 : if (11.reserve == 0) goto already_unreserved;
orOd0obooboooooobooooooooooon 79 : 12 = base_equivalent_lockword(11);
80 if (compare_and_swap(&obj->lockword, 11, 12) != SUCCESS)
JavaOOOOO acquire() OO0 OOOOOOOO o goto retry unreserve;
Oooooogoooboooobooogoooooog 82 : // modify the owner’s context if it’s in an unsafe region
83 if (thread_get_context(ownerTID, &context) == SUCCESS) {
0000000000000 00ooDoooOoooog 84 if (in_unsafe_region(context.pc)) { // (1)<NextPC<=(2)
85 : context.pc = retry_point(context.pc);
86 thread_set_context (ownerTID, &context);
87 +}
88
Y 000O0000000000000000000 thread xxxx() 89 already_unreserved:
000000000000 000000000 FAILOOOO 50 @ thread_resune(ounerTID);

thread_suspend() 0 0000000000000 O0OOOO
O0O00Othreadresume() 0000000000 OOOODOO
oooooooooooooo

04 OO00O0OOCOOCOODODOO
Fig.4 Algorithm of lock reservation.
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82 : // modify the owner thread’s context if necessary

82a: if (get_exec_mode(ownerTID) == EXECUTING_COMPILED_CODE) {
83 : if (thread_get_context(ownerTID, &context) == SUCCESS) {
84 : if (in_unsafe_region(context.pc)) {

85 : context.pc = retry_point(context.pc);

86 : thread_set_context (ownerTID, &context);

87 : } }

87a: }

88 :
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Table 2 Synchronization costs.
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Table 3 Costs of lock state transitions.
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Fig.5 Performance improvements by lock reservation.
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