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Exercise 1: Collecting Semantics 2 Points
Consider the following program and its control flow graph (where a skip edge has been
introduced to avoid too much confusion at program point 2):

a = 5 ;
b = 0 ;
while a 6= 0 do {

b = b+ 1 ;
a = a− 1

} ;
b = 5 !
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a) Give the set of reaching states Sp for each program point p. Since the program only
contains two variables a and b, we can represent the state of the program σ as a
pair of values 〈σ a, σ b〉; e.g., instead of σ = {a 7→ 5, b 7→ 0}, we write 〈5, 0〉. The
initial state S0 = Z2 = {〈a, b〉 | a ∈ Z, b ∈ Z}.

b) Write down the constraint system that can be used to compute these value sets Sp
based directly on the transfer functions defined in the lectures.

Exercise 2: VC Generation 3 Points
Starting from the flow graph of the previous example.

a) Determine the loop invariant for this example and use it to abstract the loop away,
see the slide “Abstraction of While-Statements” of Lecture 4. You should insert
assert and assume edges and havoc statements for a and b. (Please do not change the
node numbering of the LaTeX template; you only need to insert asserts/assumes.)

b) Compute again the set of reaching values Sp for this transformed program.
c) Compute the weakest precondition φp (of true) at each program point p of the

transformed program. You should not make any arithmetic simplifications, but you
may apply laws of propositional logic.

d) Write out the full verification condition: this is the value you obtain at φ0, but
if you used other φi to avoid copy-pasting, you should expand it now, so that we
clearly see the output of the verification condition generation process.
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Exercise 3: Basics 2 Points
Correct the following statements by replacing ? with either 1 or 2:

a) For any S and φ1 ⇒ φ2, if S � φ?, then S � φ?.
b) For any φ and S1 ⊆ S2, if S? � φ, then S? � φ.
c) For a condition ψ, let Sψ denote the set of states that satisfy it: Sψ = {σ | σ � ψ}.

Then, for φ1 ⇒ φ2, we have Sφ? ⊆ Sφ? .
d) We say φ is weaker than ψ if Sφ ⊇ Sψ. If φ1 ⇒ φ2, then φ? is weaker than φ?.
e) For a given φ, what is the weakest condition ψ such that ψ ⇒ φ? (Do not worry if

your answer seems too simple.)

Exercise 4: Soundness of the transformation 3 Points
For a flow graph G and set of states S, let G(S) denote the set of states at the exit node
of G according to our collecting semantics if we start with S0 = S. In other words, G(S)
is the set of possible results of executing the program with initial states σ ∈ S.

a) Express in this notation the property that G(S) must satisfy (for every S) whenever
φ is a pre-condition (at the start of G) for ψ holding at the exit of G.

b) We say G′ is a sound approximation of G if for every S, we have G′(S) ⊇ G(S).
Show that if φ is a pre-condition for ψ holding at the exit of G′, then φ also suffices
as a pre-condition for ψ holding at the exit of G.

c) How would you prove that our transformation of while loops is sound? This is a
guarded approximation, i.e., if ⊥ 6∈ G′(S), then G′(S) ⊇ G(S), but assuming the
assertions succeed, it has to be sound. How could we convince ourselves that this
transformation is correct?
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