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Exercise 1 (Constraint based analysis: Control flow analysis)
Consider the following program written in a functional language:

[fnz=>[]'] [tny=>[y")']°
1. What is the result of evaluating this expression?

2. Specify a constraint system for the program, i.e. for each label [ specify C(1), and
for each variable z, specify R(z) as on the slides (p. 45 ff.).

3. Can you give a solution for the constraint system? Is it a least solution?

Solution
1. The identity function fn y => y.
2. Constraints relating the values of function abstraction to their labels:

{fnz=> 2z} C C(2)
{fny=>y} CC(4)

Constraints relating the values of variables to their labels:

R(z) CC(1)
R(y) € C(3)

Conditional constraints induced by function application:

{fnz=> 2} CC(2) = C(4) C R(2)
{fnz=>2} CC(2)=C(1) CC(5)
{fny=>y} CC(2) = C4) C R(y)
{fny=>y} CC2)=C(3) CC(5)

3. The least solution is given by these equations:

C(1) ={fny =>y}
C(2)={fnz=>z}
C(3) =0

C(4)={fny=>y}
C(B)={fny=>y}
R(z) ={fny =>y}
R(y) =10


http://proglang.informatik.uni-freiburg.de/teaching/programanalysis/2014ss/

Exercise 2 (Types)
1. Provide simple typing rules for the following syntactical constructs that could be
part of the fun language on the slides.

I'Fel + eo:

b)

I'Hif e; then ey else e3:

2. Extend the typing rules such that function application effects are considered (cf.
slides on p. 92 ff.).

Solution
el : int e2 : int
1. a)
T'Fe; + ey:int
b) e1 : bool ey : T ez : T
I'Hif e; then ey else e3: T
e1 :int & es: int & o
2. a)

I'kep + eo:int& 1 Upo
e1 : bool & g eo: T & o es: T & p3

I'Fif e; then ey else e3: T & 1 U o U s



