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COMPUTER SCIENCE TRIPOS Part II – 2017 – Paper 9

Topics in Concurrency (JMH)

Let the pure CCS processes P1, P2, Q1 and Q2 be as follows.

P1
def
= a.P1 + b.Q1 Q1

def
= b.P1

P2
def
= b.Q2 Q2

def
= c.Q2 + b.P2

The transition system from (P1 ‖ P2) \ {b} is as follows.

(P1 ‖ P2) \ {b} (Q1 ‖ Q2) \ {b}

τ

τ

a c

(a) Give full derivations for the two transitions that start from (P1 ‖ P2) \ {b}.
[5 marks]

(b) The full modal-µ calculus has the syntax

A ::= T | S | ¬A | A1 ∧ A2 | A1 ∨ A2 | 〈a〉A | [a]A | νX.A | µX.A | X,

where S is an arbitrary set of states. Give a semantics to closed formulas without
using the abbreviations µX.A ≡ ¬νX.¬A[¬X/X] and [a]A ≡ ¬〈a〉¬A. What
condition must be placed on the occurrence of variables and why? [5 marks]

(c) Prove that the operation
X 7→ [a]X

is
⋂

-continuous. [5 marks]

(d) Give a modal-µ formula that is satisfied by a process if, and only if, it is bisimilar
to the process (P1 ‖ P2) \ {b}. You may assume that the process is only capable
of actions labelled a, c and τ . [5 marks]
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