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What is it?

to extract RTTI
from source code

statically

RTTI : runtime type information



What is it?

example

Parent * a;

if(....)
a = new Child1();

else
a = new Child2();

a->do();
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What is it?

example

what is runtime type of a?

Parent * a;

if(....)
a = new Child1();
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a->do();



What is it?

example

what is runtime type of a?

Parent * a;

if(....)
a = new Child1();

else
a = new Child2();

a->do();

Answer = {Child1, Child2}



What is it?

Class Analysis : extract RTTI

Point-to Analysis : extract referencing location

Alias Analysis :  extract aliased variables

Similar things



Where to use?

Virtual Function Resolution (Compiler)

Call Graph Construction (Analysis)

Other Analysis (Analysis)



How to evaluate?
What is measure?

• size of points-to set

• # of call-edge

• # of resolved virtual call

• client analysis



Historical Overview
Part 1

context-insensitive family

CHA / RTA / XTA / Anderson / 0-CFA



Example #1

static void g(B b2){
    B b3 = b2;
    b3 = new C();
    b3.foo();
}

class A{
    foo(){ ... }
}

class B extends A{
    foo(){ ... }
}

class C extends B{
    foo(){ ... }
}

class D extends B{
    foo(){ ...  }
}

static void main(){
    B b1 = new B();
    A a1 = new A();
    f(b1);
    g(b1);
}

static void f(A a2){
    a2.foo();
}

cf Barbara G. Ryder, ETAPS 03



CHA
cf Barbara G. Ryder, ETAPS 03

static void g(B b2){
    B b3 = b2;
    b3 = new C();
    b3.foo();
}

class A{
    foo(){ ... }
}

class B extends A{
    foo(){ ... }
}

class C extends B{
    foo(){ ... }
}

class D extends B{
    foo(){ ...  }
}

static void main(){
    B b1 = new B();
    A a1 = new A();
    f(b1);
    g(b1);
}

static void f(A a2){
    a2.foo();
}

J. Dean, D. Grove, C. Chambers, 
“Optimization of OO Programs using Class Hierarchy”, ECOOP 95



CHA

• calculate call graph using static type

• seems stupid

• resolve average 10-50% of  Virtual Call

• recommend : working with other analysis

• O(n)

Class Hierarchy Analysis

J. Dean, D. Grove, C. Chambers, 
“Optimization of OO Programs using Class Hierarchy”, ECOOP 95



CHA

chart from [Dean’95]



RTA
cf Barbara G. Ryder, ETAPS 03

static void g(B b2){
    B b3 = b2;
    b3 = new C();
    b3.foo();
}

class A{
    foo(){ ... }
}

class B extends A{
    foo(){ ... }
}

class C extends B{
    foo(){ ... }
}

class D extends B{
    foo(){ ...  }
}

static void main(){
    B b1 = new B();
    A a1 = new A();
    f(b1);
    g(b1);
}

static void f(A a2){
    a2.foo();
}

D. Bacon and P. Sweeny, 
“Fast Static Analysis of C++ Virtual Function Calls”, OOPSLA’96



RTA

• calculate instantiated class set : “I”

• calculate call graph using  “I” and CHA

• resolve 10-90% of  virtual call

• O(n)

Rapid Type Analysis

D. Bacon and P. Sweeny, 
“Fast Static Analysis of C++ Virtual Function Calls”, OOPSLA’96



RTA

table from [Sundaresan’00]



XTA

static void g(B b2){
    B b3 = b2;
    b3 = new C();
    b3.foo();
}

class A{
    foo(){ ... }
}

class B extends A{
    foo(){ ... }
}

class C extends B{
    foo(){ ... }
}

class D extends B{
    foo(){ ...  }
}

static void main(){
    B b1 = new B();
    A a1 = new A();
    f(b1);
    g(b1);
}

static void f(A a2){
    a2.foo();
}

cf Barbara G. Ryder, ETAPS 03

Tip and Palsberg, “Scalable Propagation-based Call Graph 
Construction Algorithms”, OOPSLA’00



XTA

• natural extension of RTA

• one class set per method

• one class set per field

• propagate set through function call and return

• small improvement

• O(n^3)
Tip and Palsberg, “Scalable Propagation-based Call Graph 

Construction Algorithms”, OOPSLA’00



XTA

table from [Tip’00]

Number of edges in the call graph(RTA/XTA)



Anderson style

static void g(B b2){
    B b3 = b2;
    b3 = new C();
    b3.foo();
}

class A{
    foo(){ ... }
}

class B extends A{
    foo(){ ... }
}

class C extends B{
    foo(){ ... }
}

class D extends B{
    foo(){ ...  }
}

static void main(){
    B b1 = new B();
    A a1 = new A();
    f(b1);
    g(b1);
}

static void f(A a2){
    a2.foo();
}

cf Barbara G. Ryder, ETAPS 03

L. Andersen, “Program Analysis and Specialization of the C 
Programming Language”, PhD. thesis

Rountev,  A Milanova, B. Ryder, “Points-to Analysis for Java Using 
Annotated Constraints”, OOPSLA’01



Anderson Style

• natural extension of XTA

• one class set per variable

• one class set per field

• distinguish object by allocation site 

• O(n^3)



0-CFA

static void g(B b2){
    B b3 = b2;
    b3 = new C();
    b3.foo();
}

class A{
    foo(){ ... }
}

class B extends A{
    foo(){ ... }
}

class C extends B{
    foo(){ ... }
}

class D extends B{
    foo(){ ...  }
}

static void main(){
    B b1 = new B();
    A a1 = new A();
    f(b1);
    g(b1);
}

static void f(A a2){
    a2.foo();
}

cf Barbara G. Ryder, ETAPS 03

Shivers, PLDI’88
Chambers , POPL’98



0-CFA

• flow-sensitive

• most precise in context-insensitive family

• (variable#) class set per program point

• O(n^3)

• expensive!



What to use?

• [Tip00]

• Virtual Call Resolution : RTA

• [Sundaresan00][Lhotak06]

• Call Graph Construction : Andersen Style



Historical Overview
Part 2

context-sensitive family

k-Context / Object-Sensitive



Example #2

static void main(){
    D d1 = new D();
    if (...) 
        (d1.f(new B())).g();
    else 
        (d1.f(new C())).g();
}

public class D{
    public A f (A a1){ return a1; }
}

public class A{
    X xx;
    A (X xa){ this.xx = xa;}
}

publix class B{
    B(X xb){C3 : super(xb);}
    publix X f() { return this.xx;}
    static void main(){
        X x1, x2;
        B b1 = new B(new Y());
        B b2 = new B(new Z());
        x1 = b1.f();
        x1.g();
        x2.b2.f();
        x2.g();
}

cf Barbara G. Ryder, ETAPS 03

context-insensetive family cannot handle



k-call-site-sensitive

static void main(){
    D d1 = new D();
    if (...) 
        (d1.f(new B())).g();
    else 
        (d1.f(new C())).g();
}

public class D{
    public A f (A a1){ return a1; }
}

public class A{
    X xx;
    A (X xa){ this.xx = xa;}
}

publix class B{
    B(X xb){C3 : super(xb);}
    publix X f() { return this.xx;}
    static void main(){
        X x1, x2;
        B b1 = new B(new Y());
        B b2 = new B(new Z());
        x1 = b1.f();
        x1.g();
        x2.b2.f();
        x2.g();
}

cf Barbara G. Ryder, ETAPS 03

John Whaley, Monica S. Lam, “Cloning-Based Context-Sensitive 
Pointer Alias Analysis Using Binary Decision Diagrams”, PLDI’04

John Plevyak,  Andrew A. Chien,  “Precise Concrete Type Inference 
for Object-Oriented Languages”, OOPSLA’94



k-call-site-sensitive

• unlimited call-site-string

• collapse SCC to one big function node

• flow-insensitive analysis

• using BDD to control context blow up

• implement Datalog to BDD compiler



k-call-site-sensitive

graph from [Lhotak06]



k-call-site-sensitive

• [Lhotak,06]

• evan less precise than 2-call-site-sensitive

• because of collapsed SCC



Object-Sensitive

static void main(){
    D d1 = new D();
    if (...) 
        (d1.f(new B())).g();
    else 
        (d1.f(new C())).g();
}

public class D{
    public A f (A a1){ return a1; }
}

public class A{
    X xx;
    A (X xa){ this.xx = xa;}
}

publix class B{
    B(X xb){C3 : super(xb);}
    publix X f() { return this.xx;}
    static void main(){
        X x1, x2;
        B b1 = new B(new Y());
        B b2 = new B(new Z());
        x1 = b1.f();
        x1.g();
        x2.b2.f();
        x2.g();
}

cf Barbara G. Ryder, ETAPS 03

Ana Milanova, Barbara G. Ryder, “Annotated Inclusion Constraints 
for Precise Flow Analysis”, ICSM’03

Ana Milanova, “Light Context-Sensitive Points-to Anlaysis for Java”, 
PASTE’07



Object-Sensitive

• use receiver argument as context

• kind of bounded CPA [Agesen’95]

• about 2 time slower than Andersen Style

• more precise than k-call-site-sensitive



Comparison

[Lothak’06]

1. Object-Sensitivity  + Heap Cloning

2. Object-Sensitivity
3. Call-Site + Heap Cloning
4. Call-Site
5. k-call-site
6. Adersen Style (context-insensitive)



Observe

[Lothak’06]

Anderson Style : not very bad

Object-Sensitive + Heap Cloning is best

Unrealizable Path caused by bounded-
context spoils precision



Modern Movement

• goal : defeat Unrealizable Path

• Equivalent Context [Xu08]

• Refinement-Based [Sridhan06]



Algorithm Overview



Contents

• CHA/RTA/XTA (정가을)

• 0-CFA (고윤석)

• Refinement-Based (공순호)

• Equivalent-Context (오학주)



Conclusion



Categorize

Conceptual

Naive

CHA

Implemented
XTA

RTA

0CFA k-CFA
OS

EMC
Refine

time

precision



What to use?

• Virtual Function Resolution : 

• Call Graph Construction : Object-Sensitive

• Pointer Characteristic Analysis :

RTA + Anderson Style

Refinement-Based



Other Issues

• Demand-Driven?

• Unification-Based Analysis?



Thank you
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