CS 243 Winter 2026 Review Session 1:
Data-Flow Analysis

Matthew Sotoudeh (Based on Robert Chen 2025 Slides)
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Dataflow Analysis

Data flow analysis is a common skeleton for a wide variety of
program analysis tasks.
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Dataflow Analysis

Game: match up parts of the “data flow analysis table” with where
they affect the (forward) data flow analysis algorithm.

Direction of Analysis

(Forwards)

Lattice Elements and Meaning

Top element

Bottom element

Meet Operator

Transfer Function

Boundary Condition

Interior Points

OUT[ENTRY] = venTRy:
for each basic block B other than ENTRY do OUT[B] = T;
while changes to any OUT occur do
for each basic block B other than ENTRY do
IN[B] = Ap predecessor of B OUTI[P];
OUT[B] = fg(IN[B]);
end
end
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Topic of Today

How to create a dataflow algorithm:

Understand the problem you want to solve
Choose a lattice and determine initial values

Find the transfer function

Ll A

Explain how to use the analysis results to solve your problem
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Today's Problem: Eliminating Virtual Method Lookups

Recall in Java you can have classes extend and override methods
from other classes:

class A {
public void foo() {
System.out.println("Hello from A");
}
}
class B extends A {
public void foo() {
System.out.println("Hello from B");
}
}
class E extends A {
/* E does not redefine foo */
}
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Today's Problem: Eliminating Virtual Method Lookups

What does this code print?

class A {
public void foo() {
System.out.println("Hello from A");
}
}
class B extends A {
public void foo() {
System.out.println("Hello from B");
s
}
class E extends A {
/* E does not redefine foo */
¥

var a = new
var b = new
var e = new
a.foo(); /*
b.foo(); /*
e.foo(); /*
if (read())

a = new

b new

}
a.foo(); /*
b.foo); /*

AQ;
BO;
EQ;
Q1: what
@2: what
Q3: what

~

EQ;
EQ;

Q4: what
Q5: what

does
does
does

does
does

this print?
this print?
this print?

this print?
this print?

*/
*/

*/
*/
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Today's Problem: Eliminating Virtual Method Lookups

What does this code print?

class A { var a = new AQ);
public void foo() { var b = new BQ);
System.out.println("Hello from A"); var e = new EQ);
¥ a.foo(); /* Q1: what does this print? */
} b.foo(); /* Q2: what does this print? */
class B extends A { e.foo(); /* Q3: what does this print? */
public void foo() { if (read()) {
System.out.println("Hello from B"); a = new EQ;
T b = new EQ);
s ¥
class E extends A { a.foo(); /* Q4: what does this print? */
/* E does not redefine foo */ b.foo(); /* @5: what does this print? */
¥

In general, the compiler must produce code that looks in the virtual
method table (vtable) at run time to figure out which foo to call.
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In general, the compiler must produce code that looks in the virtual
method table (vtable) at run time to figure out which foo to call.

AQ;
BO;
EQ;
Q1:
Q2:
Q3:

~

EQ;
EQ;

Q4:
Q5:

These vtable lookups introduce overhead.

Your job: design an optimization to eliminate virtual table lookups

whenever possible.

what
what
what

what
what

does
does
does

does
does

this print?
this print?
this print?

this print?
this print?

*/
*/

*/
*/
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Understanding the Problem: What You're Given

Simplified model: all classes either define method foo or define
nothing. Non-control-flow instructions are:

1. v = new C(Q); for variable v and class C

2. v.foo(); for variable v

Also given a class hierarchy analysis describing the different classes
in the program:

» (C: the set of all classes in the program

» CHA: C — C, where CHA(C) returns the lowest superclass of
C defining method foo.
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Understanding the Problem: Check Your Understanding

class A {
public void foo() {
System.out.println("Hello from A");
}
}
class B extends A {
public void foo() {
System.out.println("Hello from B");
}
}
class E extends A {
/* E does not redefine foo */
}

What is:
» =7

8/18



Understanding the Problem: Check Your Understanding

class A {
public void foo() {
System.out.println("Hello from A");
}
}
class B extends A {
public void foo() {
System.out.println("Hello from B");
}
}
class E extends A {
/* E does not redefine foo */
}

What is:
> =7
> CHA(A)
» CHA(B)
» CHA(E)

?
?
?
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Step 2: Choose a Lattice

What information do you need to track in order to confidently
predict which version of foo will be called?
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Step 2: Choose a Lattice (Elements and Meaning)

Track the set of possible classes each variable could be an
instance of.

Each variable v gets a value from the semilattice P(C).
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Step 2: Choose a Lattice (Meet Operator)

If v has dataflow value {A} along one path to p and dataflow
value {B} along another path to p, what should be its dataflow
value at p?
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Step 2: Choose a Lattice (Meet Operator)

If v has dataflow value {A} along one path to p and dataflow
value {B} along another path to p, what should be its dataflow

value at p?

(Determine the meet operator, top, bottom, and draw lattice for
A,B,E example from before.)
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Step 2: Choose a Lattice (Meet Operator)

We'll take the meet to be U (set union) so that we capture all of the
possible classes it could possible be an instance of.
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Step 2: Choose a Lattice (Meet Operator)

We'll take the meet to be U (set union) so that we capture all of the
possible classes it could possible be an instance of.

Top is 0, bottom is C.

Example using our A, B, E class hierarchy from before:

{A,B} {A,E} {B,E}

e

= {A,B,E}
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Filling in the Table

Direction of Analysis

?

Lattice Elements and Meaning

Each variable is associated with
a value from P(C) representing
the set of classes that variable

Top element

Bottom element

Meet Operator

Transfer Function

Boundary Condition

Interior Points
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Step 3: Define the Transfer Function

Assume each basic block has exactly one instruction, and write
IN[b, v] for the initial dataflow value associated with v and
OUT [b, v] for the output value after this instruction.

Hint: consider each type of instruction (v = new C(); and
v.foo() ;) separately.

Combine what you know about the possible classes of v before the
instruction runs (per IN[b, v]) with what you know the
instruction does.
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Step 3: Define the Transfer Function

» If bisv = new C(); then:
> QUT[b, v]
> QUT[b, x]
> If bis v.foo(); then:

for x #v
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» If bisv = new C(); then:

> 0UT[b, vl = { C }

> QUT[b, x] IN[b, x] forx #v
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Step 3: Define the Transfer Function

» If bisv = new C(); then:

> 0UT[b, vl = { C }

» Q0UT[b, x] = IN[b, x] forx#v
> If bis v.foo(); then:

» QUT[b, x] = IN[b, x] for all x
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Filling in the Table

Direction of Analysis

Forwards

Lattice Elements and Meaning

Each variable is associated with
a value from P(C) representing
the set of classes that variable

may be.
Top element 0
Bottom element C
Meet Operator U
Transfer Function
OUT[b, v] — {{C} if b v : C();
IN[b,v] otherwise

Boundary Condition

all variables associated with

Interior Points

0
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Step 4: Use the analysis to solve our problem

A method call in the basic block b : v.foo() does not require a
virtual table lookup if: ... 7
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Step 4: Use the analysis to solve our problem

A method call in the basic block b : v.foo() does not require a
virtual table lookup if: ... 7

All of the possible classes v could be resolve to the same
implementation of foo:

[{CHA(C) | C € IN[b, v]}| = 1

17/18



(Step 5: Check Your Work!)

Using the running A/B/E class hierarchy example, try:

B3|a.foo()

Should the vtable lookup in B3 be eliminatable?

What is IN[B3, al?

What is {CHA(C) | C € IN[B3, al}?
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