SAPIENZA Universita di Roma — MSc. in Engineering in Computer Science
Formal Methods — December 16, 2015 - Final Test B
(Time to complete the test: 2 hours)

Exercise 1. Express the following UML class diagram in FOL.
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Exercise 2. Consider the above UML class diagram and the following (partial) instantiation.

. onboard

Sailors Commander i incommand
Dustin _ Ship W haleBoat Dustin Essex _ _

Alice — Lubber Essex Alice Constitution
Lubber l Constitution ‘ l Essex ‘

George Rusty Essex George Essex
Rusty o

Rusty | Constitution

1. Check whether the above instantiation, once completed, is correct, and explain why it is or it is not.
2. Express in FOL the following queries and evaluate them over the completed instantiation:

(a) Return the sailors that have been onboard of a fishing boat.
(b) Check whether there exists a boat that has on board at least three sailors.

(c) Return the boats that had on board all sailors that are not commanders.

Exercise 3. Model check the Mu-Calculus formula v X.uY.((a A [next] X) V ({(next)Y)) and the CTL formula
AG(EX(a D EF-a)) (showing its translation in Mu-Calculus) against the following transition system:

B
G-@—GL L

Exercise 4. Consider the following transition systems:

Write the definition of bisimilarity and compute the bisimilarity relation for the two transition system.

Exercise 5. Given the following conjunctive queries:

ql (a,b) := e(a,y),e(x,y),e(x,b)
qz(a,b) Hi e(aly)le<xly)le(xlz)Ie(wlz)le<wlb)

check whether g1 is contained into ¢2, explaining the technique used and, in case of containment, showing the homomorphism
between the canonical databases.



