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Abstract: Synchronization overhead is an important agpect influencing performance If synchronization operations are in loops, the in-
fluence to perffomancew ill be enlarged To reduce the overhead of synchronization operations in loops, an algorithm on hoisting syn-
chronization operations from loopsw ith Just-in-time Compiler for Java is put fow ard and mplemented in an existing JavaV irtualM a-
chine The algoritm can greatly decrease synchronization operations at run-time so that the synchronization overhead is reduced, and
can ensure the concurrency of the progran not be reduced w ithout changing the semantics of the progran. The experment results
showv that the algoritm can mprove the w hole perfom ance and not reduce the scalability.
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LT , CFG . BEGIN
CFEG . for each loop, mon inLMList do {

start = gel. oopEntry (loop); //  loop
create a CFG node newnode

(1) LML ist loop, mon , loop
“mon loop insert instruction " lock (mon) " into newnode
) add an edge from newnode to start
' ) ) ) for each inedge inEdge of start do{ //
(2)  BMList exittdge, mon , exittdge if (inEdge is a back edge) continue //
,mon change head of inEdge into nevnode //
: 3}
(3) SyncinstSet . for each exitEdge, mon in BML ist do {
1 2 /1 exitEdge mon
1 depth = gelL ockD epth (exitEdge) ;
BEGIN if (depth = =0)
unhoist. oopSet = {}; // insert instruction " unlock (mon) " on exitEdge
for each node node in CFG do{ else if (depth >1)
/1 node num loop insert (depth-1) " lock (mon) " instructions on exitEdge
<num, loop =gel oopsFoMN ode(LT, node); }
if ( nun < =0) continug // node for each instruction sync in SyncinstSet do
if (loop in unhoisL oopSet) continue renove sync instruction from CFG;
stl =geL oopEntryL ockState( loop) ; END
if (num >1) {
ploop = getParent oop (loop); // S
stp = geL oopEntryL ockState(ploop) ;
st2 = geN odeEntryL ockState ( node) ;
if (spp==st2) // 2 2
insert loop into unhoisL oopSet '
}
for each instruction inst in node do{ al
if (inst is shared variable access instruction) )
insert loop into unhoist oopSet // 5
else if (inst is sync instruction) {
st2 = getinsL ockState( instruction) ; volatile
if (stl = =st2 && loop contains other sync instruction) ’
insert loop into unhoist oopSet // 1
else if (loop not contains other sync instruction) ’ 7 2 ,
insert inst into SyncinstSet
} else if (inst is volatile access, method call) {
st2 = getinsL ockState (inst) ;
if (stl==s) // 2 3 4
insert loop into unhoistL oopSet
P}
for each instruction sync in SyncinstSet do{
loop =getlnnetL oop (LT, sync); //
if (loop in unhoisL oopSet)
remove sync fram SyncinstSet
else insert loop, monitor on sync into LML ist 2

}
for each edge exitEdge of CFG do

if (exitEdge is an exit edge of a loop in LML ist)

Fig 2 Case thatmay cause deadlock: synchronization
operations on different monitors

insert exitEdge, mon into EML ist 2
END . T1 lock (O1) unlock
2 CFG (01) LT T2 . ,
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