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Outline

e What is Virtual Method Resolution? Why?

e The Soot Framework

e Simple Existing Techniques (CHA and RTA)

e The Quest: better accuracy with only one iteration
e Solution: Variable Type Analysis

e Experimental Results

e Related Work and Conclusions
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Virtual Method Resolution
Which methods might be called at run-time?

,_oc_u_ Ic class A {

?

{ int al, a2, ..., an; > public void m(int pl, ... I nt pn)
{ m<mﬁm30£.c22_i_op+ .. +pn); }
o.n(al,a2,...,an)
,v |
}
2 ( - \
* [ public class B {
l'_uc,_m__o <%_Q m((int pl, ..., int pn)
U )
ﬁm/cc__o class C { )
_ocw__o <%_Q m(int pl, ..., int pn)
U L
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Benefits of resolving virtual method calls

‘ccc_ ic class A {

{ int al, a2, ..., an; | - public void m(int pl, ... i nt pn)
{ System out. _2_2_33: .. +tpn); }

0. (al, a2 an) ;
. v J
}
Devirtualize
1_95__0 class A { )
{ int al, a2, ..., an; >-public static void (int pl,...,pn)
{ Systemout.println(pl+. ..+pn); }
mal, a2 an) ;
| \ M J
}
Inline
{ int al, a2, ..., an;

Systemout. println(al+...+an);

}
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A Conservative Call Graph
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Improving the call graph

Entry Points

. Reachable Method . Unreachable Method

— Necessary call edge O Potentially polymorphic call site

—— Call edge that may be eliminated
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Pruned Call Graph
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Implemented using the Soot framework
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Optimized class files
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{ int al, a2,

What do we know
about the type of
receiver 0???

°*~J

°*~J

‘ccc__o class A {

{ ...}

> public void m(int p1, ..., int pn)
{ Systemout.println(pl+...+pn); }
(public class B {
/r.ccw__o <%_Q m((int pl, ..., int pn)
fﬂmU__o class C {
public void m (int p1, , Int pn)




‘_oc_u__o class A {

{ int al, a2, ..., an; public void m(int p1, ... I nt pn)
C o; { System out. _2_2_:%: .+pn); }
o.nm(al, az2,...,an)

,v
}
‘_occ__o cl ass B {
_ucw__o <%_o_ m((int pl, ..., int pn)
|}
ﬁﬂm_o__o class C {
_ocw__o <%_Q m(int pl, ..., int pn)




(public class A {

> public void m(int p1, ..., int pn)
{ Systemout.println(pl+...+pn); }

|}

}

‘Ucc__o class B {

Jr.ncw__o <%_Q m((int pl, ..., int pn)

|}

‘ccc_mo class C {

ncw__o <%_Q sdﬁ_sﬂcp_...__sﬁbsv




{

int al, a2, ... an:
D o;

Objects Allocated
{ Object, A, C}

‘ccc__o class A {

public void m(int pl1, ...,

{ ...}

> public void m(int p1, ..., int pn)
{ Systemout.println(pl+...+pn); }
|}
(public class B {
Jr.ucw__o <%_Q m((int pl, ..., int pn)
|}
‘vcc__o class C {
I nt pn)




public class A {

public <ofllll4u

}

publ i c o_mmWIW/#/;

public void f




; public class A {

public void f (C

public class B
public void f

11 X m)

Initial Type Propagation Graph Final Type Propagation Graph






Assuming, statement is in class C, method m;

a = b;

ali] = b Cma>~—~CCmb>

a = b[1];

Assuming field f is declared in class A:

If either left or right side is Object or Array type:

a = b; (Cma>=—CCmb>



Assuming the initial call graph of:

class X {
—— D f A>m.v

q =_o.f(p);

A .

return(r);







A al, a2, a3;
B bl, b2, b3;
C c;

al = new A();

a2 = new A();
bl = new B();
b2 = new B();

c = new C();

al = az,
a3 = al;
a3 = b3;
b3 = (B) a3;
bl = b2;
bl = c;
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(a) Program

(b) Nodes and Edges




al = new A();

a2 = new A();
bl = new B();
b2 = new B();

c = new ();
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(c) Initial Types

R e—

(d) Strongly-connected components
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(e) final solution




A al, a2, a3;
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C c;

al = new A();
a2 = new A();
bl = new B(); (b) Nodes and Edges (c) Initial Types
b2 = new B();

c = new (();

al = az;

a3 = al;

a3 = b3;

b3 = (B) a3:

bl = b2; (d) Strongly-connected components (e) final solution
bl = c;

(a) Program
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Percentage Methods Removed From Conservative Call Graph
(Whole Application)
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Percentage Edges Removed From Conservative Call Graph
(whole application)
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Percentage Methods Removed From Conservative Call Graph
(Benchmark only)
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Percentage Edges Removed From Conservative Call Graph
(Benchmark Only)
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Percentage Potentially Polymorphic Calls Resolved from
Conservative Call Graph (Benchmark only)
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Percentage Virtual Method Calls that resolve to Exactly One
Method at Run-time (Benchmark only)
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