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CCS: guarded processes

the allowed form of recursion is very general

there are processes with infinitely many outgoing transitions

suppose p = g take P 2 rec z. p|z P2plP
P
[
v \ 17
q|P plq|P plplg|P

such processes are called infinitely branching and are BAD
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CCS: guarded processes

guarded processes guarantee that process variables occur
under a prefix (recursion is guarded by some action)

let X be a set of process variables

G(p, X) all recursively defined names are guarded in p
if 2 name in X occurs free in p it is prefixed by an action

G(nil,X) ! true G(p['],X)! G(p, X)
G(x,X)! x!"X G(p+ g,X)! G(p,X)! G(qg, X)
G(p.p, X) ! G(p,!) G(plg, X) ! G(p,X)! G(q, X)

G(p\!,X)! G(p,X) G(rec x.p,X)! G(p, X! {x})

a closed process P is guarded it G(p,!) holds true
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¥ Exercise: guarded?

R! rec x.! .x+" G(R,!)? &

G(rec x. ! x+",1)= G(! x+",{x})
= G .x, {x}) ! G(",{x})
= G(x,1)" G(nil,!)
= X I"#$ true

= true



k Exercise: guarded?

T! recx. (![|x)+" G(T,!)? €3

G(rec x. (! [X)+ ",1)= G((! [x)+ ",{x})
= G(! X, {x})! G(",{x})
= G(!,{x})! G(x,{x})! G(nil,")

= G(nil )" x #¥ x} " true
= true ! false

= false
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k Exercise: guarded?

U! rec x.!|".x G(U,1)? &

G(rec x. ' [".x,1) = G(! |" X, {x})
= G(',{x})! G(" x,{x})
= G(nil ,1)" G(x,!)
= true | X "#

= true



k Exercise: guarded?

rec X. X € unguarded
[ec X. ! .Iec y. X & guarded
rec X. ' .recy.x+y Q unguarded

rec Xx. '.recy.xly €9 unguarded

rec x. ! recy. x|".y @& guarded



Properties of
guarded processes



Guarded variables

TH. G(p, X! {x})" G(p,X)

TH. G(p,X)! x "#iv(p) $ G(p, X %{x})

proofs by structural induction on p (omitted)



Substitutions preserve
guardedness

TH. G(p,X)! | G(pi,X)" G(p[P/x,,aad" /4,1, X)
11 [1,n]

proof by structural induction on p (omitted)



Transitions preserve
guardedness

TH. G(p.X)! p# a$ G(a.%

proof by rule induction on p'!" g (omitted)



Guarded processes are
finitely branching

TH. G(p,!)"# W {q|p% q} is a finite set

we prove a stronger property:
TH. X = {X4,..., Xn} | =[Py, ,&a4d&" [« ]

G(p,X)! G, X)" {q]|#w p! % d is a finite set

i1 [1,n]
proof: by structural induction on p
we only show some cases (and omit some details)

(see next slides)
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TH. X = {X4,...,Xn} | =[P*/y,,a4dd" /x,] (continue)

G(p,X)! G, X)" {q]|#w p! % d} is a finite set

i1 [1,n]
proof: by structural induction on p

p = nil nil ! = nil fg|!'w nil# g = %
D= X X! X G(x, X ) = false
X 1" X X! = X (g 'p x# g = $

p=p'.p (q'p p'# g ={p')



TH. X = {X4,...,Xn} | =[P*/y,,a4dd" /x,] (continue)

G, X)! G, X)" {a]|#up! % g is a finite set
i1 [1,n]

proof: by structural induction on p

p=p\! p! =pl\" G(p,X) = G(p', X)

(g ! p'# o = {d\" |1us$%","}.p!'# d}
finite, by inductive hypothesis

P=pptpPr P =pp! + P! G(p.X)= G(pp, X) ! G(pz, X)

(al'wp!# @ ={c | 'wpe!# q}S{ch|!'wpi!# a)
finite, by inductive hypotheses



TH. X = {X4,...,Xn} | =[P*/y,,a4dd" /x,] (continue)

G(p,X)! G, X)" {q]|#w p! % d} is a finite set

i1 [1,n]
proof: by structural induction on p

p=rec x.p' without loss of generality X I" X #  fv(p))
p! = rec x. p'! e
G(p, X) = G(p, X ! {x})
{al twpt# g ={d | 1w p't[® P d}

finite, by inductive hypotheses



