
Program Analysis, University of Stuttgart, Summer 2026

Exercise 2: Data Flow Analysis

Deadline for uploading solutions via Ilias:
May 20, 2026, 11:59pm Stuttgart time

Consider the following SIMP program P . Consult lecture slides for its syntax and semantics.

(while !m < !n do (

t := !m + 2;

m := !t

));

s := !m + !n;

if !s - !m = !n then

r := 0

else

r := 1

Control-flow graph. The statement-level CFG is given below. Use this CFG for all following
data-flow analyses. We use node 0 for entry and node 8 for exit ; statement nodes 1–7 correspond
to the commands below.

0: entry

1: while !m < !n2: t := !m + 2

3: m := !t 4: s := !m + !n

5: if !s - !m = !n

6: r := 0 7: r := 1

8: exit

true

false

true false

Edges: 0 → 1, 1
true−−→ 2, 2 → 3, 3 → 1, 1

false−−−→ 4, 4 → 5, 5
true−−→ 6, 5

false−−−→ 7, 6 → 8, 7 → 8.
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1 Available Expressions [25 points]

Perform Available Expressions analysis for the program above. Use only full non-trivial arith-
metic expressions, not nested subexpressions.

1.1 Domain

Expressions:

1.2 Transfer Functions

Node gen(s) kill(s)

1

2

3

4

5

6

7

1.3 Analysis Result

Available Expressions is a forward must-analysis with intersection as meet and transfer function

AEexit(s) = (AEentry(s) \ kill(s)) ∪ gen(s).

Node AEentry(s) AEexit(s)

0

1

2

3

4

5

6

7

8
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2 Reaching Definitions [25 points]

Perform Reaching Definitions analysis for the same program. Consider only variables m, r, s,
and t. The analysis domain contains definitions of assigned variables; ? denotes a definition
before program entry.

2.1 Domain

Definitions:

2.2 Transfer Functions

Node gen(s) kill(s)

1

2

3

4

5

6

7

2.3 Analysis Result

Reaching Definitions is a forward may-analysis with union as meet and transfer function

RDexit(s) = (RDentry(s) \ kill(s)) ∪ gen(s).

Node RDentry(s) RDexit(s)

0

1

2

3

4

5

6

7

8

3



3 Very Busy Expressions [25 points]

Perform Very Busy Expressions analysis for the same program. Use only full non-trivial arith-
metic expressions, not nested subexpressions.

3.1 Domain

Expressions:

3.2 Transfer Functions

Node gen(s) kill(s)

1

2

3

4

5

6

7

3.3 Analysis Result

Very Busy Expressions is a backward must-analysis with intersection as meet and transfer
function

V BEentry(s) = (V BEexit(s) \ kill(s)) ∪ gen(s).

Node V BEentry(s) V BEexit(s)

0

1

2

3

4

5

6

7

8
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4 Live Variables [25 points]

Perform Live Variables analysis for the same program.

4.1 Domain

Variables:

4.2 Transfer Functions

Node gen(s) kill(s)

1

2

3

4

5

6

7

4.3 Analysis Result

Live Variables is a backward may-analysis with union as meet and transfer function

LVentry(s) = (LVexit(s) \ kill(s)) ∪ gen(s).

Node LVentry(s) LVexit(s)

0

1

2

3

4

5

6

7

8
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