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Abstract: Synchronization operations make a huge expense for concurrent Java programs. This paper proposes an
effective and precise static analysis algorithm for the redundant synchronization removal. The algorithm consists of
two phases-basic analysis and inter-thread temporal analysis. Both phases take the effect of control flow relation
and thread control relation into count. This paper also constructs a Java compiler-JTool and implements the
algorithm on it. To deterministic single-threaded programs, the removal ratio reaches 100% and to multi-threaded
programs, the removal ratio is higher than the existing analysis tools.
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, T2.join() T2

ChildThread.clinit
Tl.start
ChildThread.clinit T2.start ml() T2join sync(x)

—— P Intrathread invocation
——————— - Inter thread invocation sync(y)
Fig.1 ICG example

1 ICG
1.2 Aliasset method summary

1.2.1 aliasset::=(fieldMap, synchronized, syncThreads, escaped)
Alias set , : (primitive type).Alias set
, alias set, :
o fieldMap dlias set . , Object
: $ELT
e synchronized ,
e syncThreads escaped , ,

* escaped , ( ) / ( )
,escaped ; Escape escaped
1.2.2 Method Summary ({fo,fs,...,fo).r.€)
Method summary (side-effect) ,
.Method summary
.Method summary ,

of alias set, Jfo  this alias set; o

or alias set.
oe alias set.
1.3 Aliasset
] dlias set .Alias set points-to ,
diasset. aliasset alias set Alias set
) dliasset . ,
2
2.1
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’ [4] - escape ’ ’
. escape , ,
(flow-sensitive) , )
(4.
, ICG CFG ,
, escape . 1CG
, alias set. dliasset
alias set.Alias set , (transfer function) 3
(context-sensitive) , method summary ,
method summary alias set ,
( alias set),
1 public class Test{
2 static Data data= ... ;
3 static Datafl(Dataa) {
4 Data o=new Data();
5 a=0;
6 return o;
7 }
8 static void f2(){
9 Data o_f2=f1(Data 02) ;
10 o_f2.foo(3);
11 }
12 static void f3(){
13 Datao_f3=f1(data) ;
14 o_f3.foo(10);
15 }
16}
f2 13 f1,02,0 f3,0 f2 ,Data.foo()
f2() f3() f1() summary : f1) method summary((a0),a0,,) o_f2
02 ,0 f3 data ) .
f1l , of2 of3 : data
: b /)
Ruf [4]
1 Class SimpleVector{
2 Object[] elements;
3 Static SimpleVector v;
4
[*Thread T1 */
Bstatic void test2() { [*SimpleVector.v: ({} false{} true)*/

6 SimpleVector v2 = new SimpleVector();
7 SimpleVector .(init)(v2);
8 Object 02 = SimpleV ector.elementAt(v2, 0); /*v2:{ elements->a9,true,{} ,false} */
9 SimpleVector.v = v2;
[*v,v2:{ elements->a9,true {} ,true} {elements->a9,true,{T1},true}*/
10}
[* Thread T2 */
1istatic void test3() {
12 SimpleVector v3 = SimpleVector.v;
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13  Object 03 = SimpleVector.elementAt(v3,0);
” [*v,v3: { elements->a9, true,{ T2} ,true} {elements->a9,true {T1,T2},true}*/
. alias set,
Erik Erik , ,
T1 SimpleVector.v=v2 v2 , Object 02=
SimpleV ector.elementAt(v2,0) " ( ), elementAt() v2 :
,T1 V2 . T2 v2 , ,
8 13 T1 W2 , T2 V3
alias set
Out=Gen+(In—Kill), (vO=v2) dlias set ,
(vO=vl) . g 0=l I , g
| a kill I global, g
.
, True False
IN=Aj e pred(onyOUt;, adliasset  Union ,

alias set

[*Thread T1 SimpleVector.v: <{},false{}, true>*/
1static void test2() {

2 SimpleVector vl = new SimpleVector(); /*v1: {elements->a9,false{} false}*/

3 SimpleVector v2 = new SimpleVector(); /*v2: { elements->al0,false{} false} */

4 if (...){

5 Object 02 = SimpleV ector.elementAt(v1, 0);

6 SimpleVector.v = v1; [*v, v1_T: {elements->a9,true{} true} */

7 Sync(v2); [*v2_T: {elements->al0,true,{} ,false} */
8 Yelse{

9 SimpleVector.v = v2; I*v, v2_F: { elements->a9,true { } ,true} */
10 Object 02 = SimpleV ector.elementAt(v2,0); /*v,v2_F: { elements->al0,true,{ T1} true} */
11 1}

12} /*v,v2_F:{elements->al0,true,{ T1} true}*/

[* Thread T2 */
13static void test3() {
14  SimpleVector v3 = SimpleVector.v;

15  Object 03 =SimpleV ector.elementAt(v3,0);

16}
) T1 12 Vi
vl_T:{elements->a9,true{} true}.v2
v2_F:{elements->al0,true{ T1} ,true}.
T2

, 10,15
alias set )
« elementAt() 1 )
. 3.2 SimpleVector.v

/*v3,v,v2_F:{elements->al0,true,{ T1,T2} true}*/

dlias set,
dias set,

vl_F:{elements->a9,false{} false}
v2_T:{elements->al0,true {} ,false}

SimpleVectorv  T1 T2 ™

v3,v,v2_F:{elements->al0,true{ T1,T2} true}
T1 true .
, alias set .Escape
, thread-safe )
.Escape ,
alias set ,

method summary V2.

:{ elements->al10,true,{ T1} ,true}.
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, false
true )
22
, escape
2 . ICG CFG
2 , {g,a,al}(,.true{Main,T1} true) {x,a,al}(, true,{Main, T2} true).
join main T2 x.f , x.f
public class MainThread{
static Obj q, x; //suppose g, X not alias )
public static void main(String args{]){ Man I 2
MyThread T1=new ChildThread(q); | ____ _________ e ___ »
T1.start();
MyThread T2=new ChildThread(x); T T T
T2.start(); mi(q) mi(q) m1(x)
mi(a);
T2,join(); T T - B
Synchronized(x){x.f=200}; | 4=
} T2.join |l a---—""""
public static void m1(Obj y){ il
synchronized(y) {
y.f=100; sync(x) 1
) } v v v
}
/lthread T1 and T2 thread lifetime
class ChildThread extends Thread{ >
Obj &
ChildThread(Obj al){@=a1} > thread interaction
Public void run(){ (start fjoin)
MainThread.m1(a); J
}
}
Fig.2 Inter-Thread temporal analysis
2
3
31
e ICG, CFG. Thread.start()
. 1, . , start
1; start 1
3.2
, ICG SCC(strongly connected component)
SCC escape : alias set
. whole-program, dynamic class loading
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dlias set,
method summary

) SCC
unify

partition ICG into SCC sets

1
alias set
method summary  unify

(fix point)

for each SCC in bottom-up order{
for each method m in the SCC {

if methodcall{

for each call site sin m and each target t of s
if t and m are in the same SCC
unify actuals of s and formals of t

else

get the summary info of t and apply current context top-down

}else{

partition into basicblock’s scc

analyze statement according to table 1's transfer function

dias set

/lin previous
//bottom-up analysis, t must have been analyzed

}
}
}
, , alias set
) alias set ,
native , escaped
1 . l,v o]
Java ab.cd..
Table1l Transfer function for statements
1
Statement type Transfer function
=y AS()=AS(v);
if | and v are different thread variables, set AS(l).escaped=true AS(v).escaped=true
I=g(g=1 91=02) S
’ set AS(]).escaped=true and propagate to all reachable nodes from |
p=q.f AS(p)=AS(q).fieldmap(f);
(f is static/nonstatic field) Set and propagate p's escape state if fis static field
p.f=q AS(p).fieldmap(f)=AS(q);

(f is static/nonstatic field)

Set and propagate g's escape state if fis static field

11=12[...] and I11[...]=12

Act like normal load/store, but set fieldmap's name as $ELT

I=new cl() Create new alias set and update AS(l)
return | AS(l)=r
1=10.0p(f1...fk) Apply real params in method summary
throw v AS(l)=e

monitorEnter v or synchronized method

v.synchronized=true or this. synchronized=true

if ...else...

Union alias sets in True/False branch

3.3

alias set

34
ICG CFG

alias set,

join
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4
MIT Java Java FLEX! JTool .JTool ,
escape JTool
, 3 3 benchmark. P4
2.66GHz,256MB Linux , generic Java jdk1.4.2-04.
Multi Set,StrSplit SortObjects CodeProject .BoundedBuffer,
EscapeTest Sum [5] 3 .2 /
( class ).
100%, ) /
[11,12] / ;
2 ;
Table2 Experiment results
2
Sync. of number -
Spec. name Method num Bytecode num Before After Analysistime (s)
Multiset 16 134 3 0 214.216
StrSplit 547 13 861 224 0 1195.767
SortObjects 585 14 527 234 0 1 483.296
BoundedBuffer 577 14 471 226 154 1317.320
EscapeTest 587 14 805 236 164 1335.781
Sum 594 14 739 225 151 1321.332
5
[1,6-9] escape ,
N X
escape shape : . (8 ,
Erik Ruf escape [4]
(4] ,
Martin Rinard  escape (10 :
[10] (PIG) ,
.PIG summary,alias set
(region-based) , , [10]  escape
6
(
) , Java
/ . JTool , ,
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points-to path-sensitive points-to
( , 1: x++; F=TRUE 2. if (F==TRUE)x—;)
[13] ;
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