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<latexit sha1_base64="378Xwh2JPkHth7h7qbXKr6UATv0="></latexit>

b ::= v | a cmp a | ¬b | b bop b

<latexit sha1_base64="MZL6GhF3qBoWEkaztJW0O1Nriiw="></latexit>

P (b) , 8�. 9u. hb,�i �! u

<latexit sha1_base64="1voLm7DF+t6/znY43ZNNb7x05G0="></latexit>

Ex.1 Completare la prova di terminazione delle espressioni booleane
per induzione strutturale
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Principles for software composition 2020/21
02 - Structural induction and rule induction

[Ex. 1] Complete the proof of termination of boolean expressions by struc-
tural induction.

[Ex. 2] Extend the syntax of arithmetic expressions with the operator a0ua1
whose big-step operational semantics is given by the rules:

ha0, �i �! n ha1, �i �! n

ha0 u a1, �i �! n

1. Prove termination or exhibit a counterexample.

2. Prove determinacy or exhibit a counterexample.

[Ex. 3] Extend the syntax of arithmetic expressions with the operator a0ta1
whose big-step operational semantics is given by the rule:

ha0, �i �! n0

ha0 t a1, �i �! n0

ha1, �i �! n1

ha0 t a1, �i �! n1

1. Prove termination or exhibit a counterexample.

2. Prove determinacy or exhibit a counterexample.

[Ex. 4] Consider the command

w
def
= while x > y do (x := x+ 1 ; y := y � 1)

Find out the set S of memories � such that hw, �i 6�! and prove that this is
the case by using the inference rule for divergence.

[Ex. 5] Prove determinacy of boolean expressions by rule induction.

[Ex. 6] Let b be a boolean expression and c a command. Consider the
command

w
def
= while b do c

Prove by rule induction that:

8�, �0. hw, �i �! �0 ) hb, �0i �! false

Estendiamo la sintassi delle espressioni aritmetiche con l’operatore 

la cui big-step semantica operazionale e’ data dalla regola

Provare la terminazione o esibire un contro-esempio

Provare il determinismo  o esibire un contro-esempio
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[Ex. 1] Complete the proof of termination of boolean expressions by struc-
tural induction.

[Ex. 2] Extend the syntax of arithmetic expressions with the operator a0ua1
whose big-step operational semantics is given by the rules:

ha0, �i �! n ha1, �i �! n

ha0 u a1, �i �! n

1. Prove termination or exhibit a counterexample.

2. Prove determinacy or exhibit a counterexample.

[Ex. 3] Extend the syntax of arithmetic expressions with the operator a0ta1
whose big-step operational semantics is given by the rule:

ha0, �i �! n0

ha0 t a1, �i �! n0

ha1, �i �! n1

ha0 t a1, �i �! n1

1. Prove termination or exhibit a counterexample.

2. Prove determinacy or exhibit a counterexample.

[Ex. 4] Consider the command

w
def
= while x > y do (x := x+ 1 ; y := y � 1)

Find out the set S of memories � such that hw, �i 6�! and prove that this is
the case by using the inference rule for divergence.

[Ex. 5] Prove determinacy of boolean expressions by rule induction.

[Ex. 6] Let b be a boolean expression and c a command. Consider the
command

w
def
= while b do c

Prove by rule induction that:

8�, �0. hw, �i �! �0 ) hb, �0i �! false

Estendiamo la sintassi delle espressioni aritmetiche con l’operatore 
la cui big-step semantica operazionale e’ data dalla regola

Provare la terminazione o esibire un contro-esempio

Provare il determinismo o esibire un contro-esempio
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[Ex. 1] Complete the proof of termination of boolean expressions by struc-
tural induction.

[Ex. 2] Extend the syntax of arithmetic expressions with the operator a0ua1
whose big-step operational semantics is given by the rules:

ha0, �i �! n ha1, �i �! n

ha0 u a1, �i �! n

1. Prove termination or exhibit a counterexample.

2. Prove determinacy or exhibit a counterexample.

[Ex. 3] Extend the syntax of arithmetic expressions with the operator a0ta1
whose big-step operational semantics is given by the rule:

ha0, �i �! n0

ha0 t a1, �i �! n0

ha1, �i �! n1

ha0 t a1, �i �! n1

1. Prove termination or exhibit a counterexample.

2. Prove determinacy or exhibit a counterexample.

[Ex. 4] Consider the command

w
def
= while x > y do (x := x+ 1 ; y := y � 1)

Find out the set S of memories � such that hw, �i 6�! and prove that this is
the case by using the inference rule for divergence.

[Ex. 5] Prove determinacy of boolean expressions by rule induction.

[Ex. 6] Let b be a boolean expression and c a command. Consider the
command

w
def
= while b do c

Prove by rule induction that:

8�, �0. hw, �i �! �0 ) hb, �0i �! false

Consideriamo il comando

<latexit sha1_base64="Dk/masrq/C7APjxc0cHh1XLfqJU="></latexit>

Trovare l’insieme S di memorie � tali che hw,�i 6! e provare che queste
rispettano la condizione usando la regola di inferenza per la divergenza
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[Ex. 1] Complete the proof of termination of boolean expressions by struc-
tural induction.

[Ex. 2] Extend the syntax of arithmetic expressions with the operator a0ua1
whose big-step operational semantics is given by the rules:

ha0, �i �! n ha1, �i �! n

ha0 u a1, �i �! n

1. Prove termination or exhibit a counterexample.

2. Prove determinacy or exhibit a counterexample.

[Ex. 3] Extend the syntax of arithmetic expressions with the operator a0ta1
whose big-step operational semantics is given by the rule:

ha0, �i �! n0

ha0 t a1, �i �! n0

ha1, �i �! n1

ha0 t a1, �i �! n1

1. Prove termination or exhibit a counterexample.

2. Prove determinacy or exhibit a counterexample.

[Ex. 4] Consider the command

w
def
= while x > y do (x := x+ 1 ; y := y � 1)

Find out the set S of memories � such that hw, �i 6�! and prove that this is
the case by using the inference rule for divergence.

[Ex. 5] Prove determinacy of boolean expressions by rule induction.

[Ex. 6] Let b be a boolean expression and c a command. Consider the
command

w
def
= while b do c

Prove by rule induction that:

8�, �0. hw, �i �! �0 ) hb, �0i �! false

<latexit sha1_base64="6xPuamap9BJlnBOjg5CmamXt+Eo="></latexit>

P (hb,�i �! u)
M
= 8u0. hb,�i �! u0 ) u = u0

Provare il determinismo  dell’espressione booleana  
usando l’induzione sulle regole 
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[Ex. 1] Complete the proof of termination of boolean expressions by struc-
tural induction.

[Ex. 2] Extend the syntax of arithmetic expressions with the operator a0ua1
whose big-step operational semantics is given by the rules:

ha0, �i �! n ha1, �i �! n

ha0 u a1, �i �! n

1. Prove termination or exhibit a counterexample.

2. Prove determinacy or exhibit a counterexample.

[Ex. 3] Extend the syntax of arithmetic expressions with the operator a0ta1
whose big-step operational semantics is given by the rule:

ha0, �i �! n0

ha0 t a1, �i �! n0

ha1, �i �! n1

ha0 t a1, �i �! n1

1. Prove termination or exhibit a counterexample.

2. Prove determinacy or exhibit a counterexample.

[Ex. 4] Consider the command

w
def
= while x > y do (x := x+ 1 ; y := y � 1)

Find out the set S of memories � such that hw, �i 6�! and prove that this is
the case by using the inference rule for divergence.

[Ex. 5] Prove determinacy of boolean expressions by rule induction.

[Ex. 6] Let b be a boolean expression and c a command. Consider the
command

w
def
= while b do c

Prove by rule induction that:

8�, �0. hw, �i �! �0 ) hb, �0i �! false

Sia b un’espressione booleana e un comando c. Considerate il comando

Provare per induzione sulle regole 


