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Points-to Analysis

Goal: approximate the set of run-time objects

to which a pointer may point
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Points-to Analysis

Goal: approximate the set of run-time objects

to which a pointer may point

Common uses:

Side-effect information

x.f = 1; y.f = 0; z = 1/x.f;

Virtual call resolution

String s = o.toString();
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Pointer Assignment Graph
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Method Calls

static

Obj f( Obj p ) {

return p;

}

x = f( a );

y = f( b );

z = f( c );

a b c

p

x y z
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Context Sensitivity

static

Obj f( Obj p ) {

return p;

}

1: x = f( a );

2: y = f( b );

3: z = f( c );

a b c

p � p � p �

x y z
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Sources of Imprecision

Encapsulation
x1 = new 1;

x2 = new 2;

y3 = new 3;

y4 = new 4;

x1.f = y3;

x2.f = y4;

x1 = new 1;

x2 = new 2;

y3 = new 3;

y4 = new 4;

x1.set( y3 );

x2.set( y4 );
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Sources of Imprecision

Inheritance
class A {

O f;

A(O a) { this.f = a; }

};

class B extends A {

B(O b) { super(b); }

};

class C extends A {

C(O c) { super(c); }

};

y = new B(x).f;

z = new C(w).f;
Object-Sensitive Points-to Analysis – p. 13/29



Sources of Imprecision

Collections and Maps
class Vector {

Object[] data;

Vector( int n ) {

data = new Object[n];

}

};

v1 = new Vector(5);

v2 = new Vector(5);

v1.add(x);

v2.add(y);
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Object-Sensitive Analysis

Local variables in instance (non-static)

methods become fields of this

( p becomes this.p )

Objects parameterized by allocation site of this

at allocation, as well as allocation site

( new 1 becomes new 2 new 1 )
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Object-Sensitive Analysis

set( O p ) {

this.f = p;

}

a = new 1;

b = new 2;

a.set( new 3 );

b.set( new 4 );

c = a.f;

d = b.f;
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Object-Sensitive Analysis

new 1 a 1 this 1 2 a.f c 3 4

new 2 b 2 b.f d 3 4

new 3 p 3 4 1.f 3 4

new 4 this.f 2.f 3 4
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Object-Sensitive Analysis

new 1 a 1 this 1 2 a.f c 3

new 2 b 2 b.f d 4

new 3 a.p 1.p 3 this.p 1.f 3

new 4 b.p 2.p 4 this.f 2.f 4
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Object-Sensitive Analysis

Local variables in instance (non-static)

methods become fields of this

( p becomes this.p )

Objects parameterized by allocation site of

this at allocation, as well as allocation site

( new 1 becomes new 2 new 1 )
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Object-Sensitive Analysis

Vector() {

this.data = new 3;

}

add(Obj e) {

d = this.data;

d[0] = e;

}

v1 = new 1();

v2 = new 2();

v1.add( new 4 );

v2.add( new 5 );
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Object-Sensitive Analysis

new 1 new 2 new 3
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Object-Sensitive Analysis

new 1 new 2 this.new 3
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1 3
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2 3
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Experimental Results

Experiments used BANE solver.

Experiments tested a partial instantiation of

object sensitivity:

Formal parameters, return values, this

represented by red nodes.

No purple nodes.
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Analysis Time and Memory
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Precision for Side-Effect Analysis
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Precision for Call Graph
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Conclusions

Context-insensitivity is a major source of

imprecision

“Right” level of context-sensitivity need not

slow down the analysis

higher precision smaller points-to sets

faster analysis

More experiments are required to find this

“right” level
Object-Sensitive Points-to Analysis – p. 28/29


	References
	Outline
	Points-to Analysis
	Points-to Analysis
	Pointer Assignment Graph
	Pointer Assignment Graph
	Pointer Assignment Graph
	Pointer Assignment Graph
	Method Calls
	Context Sensitivity
	Sources of Imprecision
	Sources of Imprecision
	Sources of Imprecision
	Object-Sensitive Analysis
	Object-Sensitive Analysis
	Object-Sensitive Analysis
	Object-Sensitive Analysis
	Object-Sensitive Analysis
	Object-Sensitive Analysis
	Object-Sensitive Analysis
	Object-Sensitive Analysis
	Object-Sensitive Analysis
	Experimental Results
	Analysis Time and Memory
	Precision for Side-Effect Analysis
	Precision for Call Graph
	Conclusions

