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α .E α−→ E
E j

α−→ E′
j

∑i∈I Ei
α−→ E′

j

( j ∈ I )

E α−→ E′

E|F α−→ E′|F

E a−→ E′, F ā−→ F ′

E|F τ−→ E′|F ′

F α−→ F ′

E|F α−→ E|F ′

E α−→ E′, α 6∈ L∪ L̄

E\L α−→ E′\L

E α−→ E′

E[ f ]
f (α)
−→ E′[ f ]

S(X)[fixYS/Y]Y∈dom(S)
α−→ E

fixXS α−→ E

Table 1: Structural operational semantics of CCS

1 CCS

CCS [4] is parametrised with a setA of names. The set ¯A of co-namesis ¯A := {ā | a∈ A }, andL :=
A ∪ ¯A is the set oflabels. The function ¯· is extended toL by declaring¯̄a= a. Finally, Act := L

.
∪ {τ}

is the set ofactions. Below, a, b, c, . . . range overL andα , β over Act. A relabelling functionis a
function f : L → L satisfying f (ā) = f (a); it extends toAct by f (τ) := τ . Let X be a setX, Y, . . . of
process variables. The setE of CCS terms orprocess expressionsis the smallest set including:

α .E for α ∈ Act andE ∈ E prefixing
∑i∈I Ei for I an index set andEi ∈ E choice
E|F for E,F ∈ E parallel composition
E\L for L ⊆ L andE ∈ E restriction
E[ f ] for f a relabelling function andE ∈ E relabelling
X for X ∈ X aprocess variable
fixXS for S: X ⇀ E andX ∈ dom(S) recursion.

One writesE1 +E2 for ∑i∈I Ei with I = {1,2}, and 0 for∑i∈ /0 Ei. A partial functionS : X ⇀ E is
called arecursive specification. The variables in its domaindom(S) are calledrecursion variablesand
the equationsY = S(Y) for Y ∈ dom(S) recursion equations. A recursive specificationS : X ⇀ E is
traditionally written as{Y = S(Y) |Y ∈ dom(S)}.

The operational semantics of CCS is given by the labelled transition relation→⊆ TCCS×Act×TCCS

between closed CCS expressions. The transitionsp α−→ q with p,q∈ TCCSandα ∈ Act are derived from
the rules of Table 1. Formally a transitionp α−→ q is part of the transition relation of CCS if there exists
a well-founded, upwards branching tree (aproof of the transition) of which the nodes are labelled by
transitions, such that

• the root is labelled byp α−→ q, and

• if ϕ is the label of a noden andK is the set of labels of the nodes directly aboven, thenK
ϕ is a rule

from Table 1, with closed CCS expressions substituted for the variablesE,F, . . ..

2 CSP

CSP [1, 5, 2, 3] is parametrised with a setA of communications; Act := A
.
∪ {τ} is the set ofactions.

Below,a, b range overA andα , β overAct. The setE of CSP terms is the smallest set including:
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STOP inaction
DIV divergence
(a→ E) for a∈ A andE ∈ E prefixing
E2F for E,F ∈ E external choice
E⊓F for E,F ∈ E internal choice
E‖AF for E,F ∈ E andA⊆ A parallel composition
E/b for b∈ A andE ∈ E concealment
f (E) for E ∈ E and f : Act→ Act with f (τ) = τ and f−1(a) finite renaming
X for X ∈ X aprocess variable
µX ·E for E ∈ E andX ∈ X recursion.

As in [5], I here leave out the guarded choice(x : B → P(x)) and the constantRUN of [1], and the
inverse image and sequential composition operator, with constantSKIP, of [1, 2]. The semantics of CSP
was originally given in quite a different way [1, 2], but [5] provided an operational semantics of CSP
in the same style as the one of CCS, and showed its consistencywith the original semantics. It is this
operational semantics I will use here; it is given by the rules in Table 2. LetL := A .

DIV
τ−→ DIV (a→ E) a−→ E E⊓F τ−→ E E⊓F τ−→ F

E a−→ E′

E2F a−→ E′

F a−→ F ′

E2F a−→ F ′

E τ−→ E′

E2F τ−→ E′2F

F τ−→ F ′

E2F τ−→ E2F ′

E α−→ E′ (α /∈A)

E‖AF α−→ E′‖AF

E a−→ E′ F a−→ F ′ (a∈A)

E‖AF a−→ E′‖AF ′

F α−→ F ′ (α /∈A)

E‖AF α−→ E‖AF ′

E b−→ E′

E/b τ−→ E′/b

E α−→ E′ (α 6=b)

E/b α−→ E′/b

E α−→ E′

f (E)
f (α)
−→ f (E′)

µX ·E τ−→ E[µX ·E/X]

Table 2: Structural operational semantics of CSP
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