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Exercise 3.1: (3 points)

Show that the statement c ∈ Cmd given by

y := 1; while ¬(x = 1) do (y := y ∗ x; x := x− 1)

computes the factorial, i.e., that its operational semantics satisfies the following condition:

OJcKσ(y) = (σ(x))!

for every σ ∈ Σ with σ(x) ≥ 1.

Exercise 3.2: (2 points)

In the lecture some concepts were introduced by means of inductive definitions, for example the syntax of WHILE-
programs, the set of free variables in arithmetic expressions or recently the denotational semantics. Give an inductive
definition of the length of commands. (Hint: You may assume, that keywords, numbers etc. have a standardized
length of 1.)

Exercise 3.3: (2 points)

To summarize the operational semantics part of the lecture, answer the following questions.

(a) What is the effect of a statement execution in operational semantics? In which way is it integrated into the
semantics?

(b) Sketch the sticking points of the induction principle capable of proving propositions about the operational
execution relation. What happens, if we decide to apply induction on the structure of the syntactic expression?

(c) Give the definition of the operational functional. What is the result of OJcK and OJcKσ, c ∈ Cmd?

Exercise 3.4: (1+2 points)

We define a (total) function as a relation f ⊆ X ×Y , where for all x ∈ X, there exists exactly one y ∈ Y such that
f(x) = y.

• Formulate the conditions defining a function in a more precise, mathematical way.

• Show that the denotation for arithmetic expressions is indeed a (total) function.


