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Exercise 1: Abstract interpretation: odd/even
We change the semantics of tests, such that they only look at the lowest bit of the
argument:
JPos(e)K (ρ, µ) =

JNeg(e)K (ρ, µ) =


(ρ, µ)
undefined

(ρ, µ)
undefined

if JeKρ is odd
otherwise
if JeKρ is even
otherwise

Your task is to define an abstract interpretation based analysis that checks whether values
are odd or even, based on the following steps:
a) Define the domain for abstract values with its partial order. Your domain should
have finite height.
b) Define the description relation.
c) Define abstract operators for ==, !=, +, *. Make sure they are sound with respect
to the concrete versions (no proofs required).
d) Define a transformation that replaces tests by Nop, if it is safe to do so. Show that
your transformation is correct.
e) Complete the abstract effects J. . .K] for branching:
JlabK] ⊥ := ⊥

JNopK] D := D

JPos(e)K] D := . . .

JNeg(e)K] D := . . .

Jr = eK] D := D ⊕ {r 7→ JeK] D}

Jr = M [e]K] D := D ⊕ {r 7→ >}

JM [e1 ] = M [e2 ]K] D := D

and define the initial value. Try to make your analysis precise by propagating ⊥
on tests that always fail.
Prove your effects for Pos, Neg to be monotonic.
Are they even distributive (proof or counterexample)?
Show that the abstract effects for Pos, Neg simulate the concrete ones.
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Exercise 2: Constant Propagation
Consider the following CFG:
Pos(i<n)
0

a)
b)
c)
d)

n=20

i=0*x

1

2

Neg(i<n)

3
4

x=i+n
x=i-n
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Write down the constraint system for constant propagation.
Give the solution to the constraint system.
Does transformation 4 (pp. 305) change the CFG? Justify your answer.
Again solve the constraint system but this time you should use the following, more
precise multiplication operator ] , instead of ∗] :
a

]

b :=




0

if a = 0 or b = 0,
if a, b ∈ Z \ {0},
otherwise.

a∗b
>





e) Again, apply transformation 4 while using the solution of d) and draw the resulting
CFG.
Exercise 3: Description relation
a) Constant Propagation: Give all abstract states that describe the concrete state
({x 7→ 2, y 7→ 4}, {200 7→ 4}).
b) Interval Analysis: Give all concrete variable assignments that are described by
{x 7→ [2, 3], y 7→ [4, 5]}.
Exercise 4: Intervals
Let x = [1, 5], y = [0, 0], and q = [3, 5], give the result to each of the following expressions:
a)
b)
c)
d)

y ∗] (q <] x)
(−] q) ∗] (−] q)
x ==] (x +] [1, 1])
(x +] q)/] [2, 2]

Exercise 5: Interval Analysis
Consider the following program:
Pos(i>0)
1

i=20;

2

Neg(i>0)

3

Pos(0≤x)

x=i*2;

4

5

M[x]=0;

Neg(0≤x)
6

7
i=i-1;

1. Perform interval analysis with accelerated widening and narrowing. Make use of
the more precise transfer functions JPos(e)K] and JNeg(e)K] which are defined in the
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slides (pp. 329). Use the program point 4 as a loop separator point. Solve using
RR-iteration and present the tables.
2. Show that a bounds check can be removed.
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