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Alias Analysis Method for Object Oriented Programs Using Alias Flow Graphs
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Fig.1 FI alias analysis and FS alias analysis.
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Fig.3 Sample program and its AFG.
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class A {
void p() {a();}
void q() {r();}
void r() {}

} }

class B extends A{
void q() {s();}
void s() {}

(a) Class A

(b) Class B

04 0O0OOOO0OOOOCOOOOO MFG
Fig.4 Sample program and its MFG.
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Fig.5 Alias calculation algorithm.
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public class Calc {
Integer i;
public Calc() {i = new Integer(0);}
public void inc() {i=new Integer(i.intValue()+1);}
public void add(int ¢) {
i = new Integer (i.intValue() + c);
}

public Integer result() {return(i);}

() FIODOODOOODOODOOO0ODO

public class Calc {
Integer i;
public Calc() {i = new Integer(0);}
public void inc() {i=new Integer(i.intValue()+1);}
public void add(int ¢) {
i = new Integer (i.intValue() + c);
}

public Integer result() {return(i);}
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Fig.7 Object context.
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public class Calc {
Integer i;
public Calc() {

i = new Integer(0);

public void inc() {
i = new Integer

class Test {
(i.intValue() + 1);

Calc a, b;

Integer c;

Test() {
a = new Calc();
b = new Calc();
a.inc();
b.add(1);
= b.result();

public void add(int ¢) {
i = new Integer
(i.intValue() + c);

public Integer result() {

return(i);
} }
} }

08 Oc=bresut()0 cOO0O0DOO0O0O0OO0OODODO
Fig.8 Alias set for ¢ at ¢ = b.result()(Masked).
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(@K new Caicy ¢ BT Eico: CFBlesub;

(aJjnc();

ladd(1);

Thcoliib} A-outc]
09 0800 c=bresult()d bODOOOOOOO
ooooo
Fig.9 Alias set for b at ¢ = b.result() in Fig.8
(Masked).
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public Class Calc
Intege

public Calc()
W Integerio);
iAot
public void add(int c)
alueo +o)
HiA-out[i]

public Integer result() ~dA-iall]
HiMaont

010 O 800 ¢ = b.result() O bresult() D000
gooooooooo
Fig. 10 Alias set for b.result() at ¢ = b.result() in
Fig. 8 (Masked).

public void inc() {1A-in[i] )-----------
(Knew integerfinvalue( + 1); |
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Fig.11 JAvA alias analysis tool.

patd 00 0000O0O0O0OOOOOOOOOOOO0O
JO00ONon-alias part0 00 0000000 0O0ODOO
ooooO0o0ooUoooooooooOoooooooo
ooooO0o0ooUoooooooooOoooooooo
ooooO0o0ooUoooooooooOoooooooo
ooooOoOoOooooOoOoOoOoOoOooOooooooo
poobdoooooobbbbbtoooooogod
poooooobobobobbooooooboboood
pooboboooboobobooobbobooobod
011 (b)0O00D0O000O0DDO0ODO0OUODDOODOOOO
o000ooo0oUoooOooooooooooooooo

O03MANTLR [5] 0000 L OO0 £0000000 LOODOO
00000000000 c++0000Java 000O0O0OOCOOOO

449



000O0oOoooooo 2001/5 Vol. J84-D-1 No. 5

02 0000000
Table 2 Target programs.

goooo oo Oooo0oobJbpko
[0D0] oDOoDOo O oooo O

WeirdX 47 16,703 815 115,977
Xooo] (5.50) (12.60) (94.50) (87.40)
ANTLR 129 18,775 267 33,847
[00oO0og]  (32.60) (35.70) (67.40) (64.30)
DynamicJava 242 32,037 825 119,564
[0O0ooOoog)]  (22.70) (21.10)  (77.30)  (78.90)

03 0000000000OPhase 1030 [ms]
Table 3 Alias analysis time (Phase 1 — 3)[ms].

ooooo oo
WeirdX 14,220
ANTLR 12,830 23,480
DynamicJava 56,260 110,150
PentiumIII-667 MHz-512 MB(Linux)

ooooo
100,540

04 0000000000 Phase 40 [ms]
Table 4 Alias calculation time (Phase 4)[ms].

ooooo ooooooo oooo
WeirdX com.jcraft.weirdx.Client 0.29
ANTLR antlr.MakeGrammar 0.17
DynamicJava koala.dynamicjava. 0.07

interpreter. TypeChecker
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05 ObOoOoooooooo
Table 5 Size of alias set.

ooooo oooooono ooo 00
WeirdX com.jcraft.weirdx.Client 15.37 24.54
ANTLR antlr.MakeGrammar 5.94 18.77
DynamicJava koala.dynamicjava. 9.16 17.19
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((3; &c), (3, a))
(3, a), (4, a))
((1, b), (4, b))

void main() {

; cﬁar *aj:b,i ((4, &b), (4, AA-iny]))
3: C fr&c _ ’ ((4’ b)7 (47 AA'in[*Y]))
4 assign(ich, a); ((4, ), (4, AA-in[x]))
5 putc(*b); ((4, AA-out[*y]), (4, b))

} ((4, b), (5, b))
((6, FA-in[y]), (7, v))
((6, FA-in[*y]), (7, *y))
((6, FA-in[x]), (7, x))
} (7, %), (7, *y))

((7, *y), (6, FA-out[*y]))

6: void assign(char **y,
char *x) {

Ty =x

012 O0000000000O00COO0O00000000

Fig.12 Alias analysis for languages with pointer
variables like C.
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Fig.13 Alias computation algorithm (for pointers).
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