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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(plo], X) = G(p, X)

Gz, X)22¢ X Glp+q,X)=Gp,X)NG(g, X)
G(p-p, X) = G(p, ) G(plg, X) = G(p, X) N G(q, X)
Gp\a,X) = G(p,X) G(recz. p,X)=G(p, X U{z})

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

R=recz. ax+ [ G(R,0)? Q

G(rec z. a.x + (5,0) = G(a.x + B, {z})
= Glax, {z}) NG(B, {7})
= G(z,0) A G(nil, 0)
=x ¢ () A\ true

— true



k Exercise: guarded?

T = rec z. (a|z) + f3 G(T,0)? €3

G(rec z. (a|z) + 8,0) = G((a|z) + B, {z})
= Glajz, {z}) NG(B,{x})
= G(a, {z)) A Gz, {z}) A G(nil, )
= G(nil, ) A x & {x} A true

— true A false

— false
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k Exercise: guarded?

U = rec . a|B.2 G(U,0)? &

G(rec z. a|B.x,0) = G(a|B.z, {x})
= G(a,{z}) NG(B.z,{z})
= G(nil, 0) A G(z, 0)
=true Az & ()

— true



k Exercise: guarded?

rec r. x € unguarded

rec r. a.rec y. T & guarded

rec r. arec y. r+y €9 unguarded

rec r. a.rec y. x|y € unguarded

rec z. arec y. z|f.y @&  guarded



Properties of
guarded processes



Guarded variables

TH. G(p, X U{z}) = G(p, X)

TH. G(p,X) ANz & fv(p) = G(p, X U{x})

proofs by structural induction on p (omitted)



Substitutions preserve
guardedness

TH. G(p,X)n N\ Gi X) = GOl far P [0,], X)

1€[1,n]

proof by structural induction on p (omitted)



Transitions preserve
guardedness

TH. G(p.X)Ap 5 qg= G(q,0)

proof by rule induction on p £ ¢ (omitted)



Guarded processes are
finitely branching

TH. G(p,0) = Vu. {qg| p = ¢} is a finite set

we prove a stronger property:
TH. X—{:Izl,... } o = [pl/xlj... P /azn]

) A /\ G(pi, X) = {q | 3p. po & q}is a finite set

proof: by structural induction on p
we only show some cases (and omit some details)

(see next slides)
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TH. X ={x1,..,2n} o=[""/uy, " /z,] (continue)
) A /\ G(pi, X) = {q | 3u. po = 4} is a finite set

proof: by structural induction on p
p=nil  nilo = nil {q| 3p. nil 5 ¢} =0
p=x reX  G(x,X)=false

rg X wo=z  {q|3p.xqt=0

p=up {q | Iu. po & q} = {p'o}



TH. X ={x1,..,2n} o=[""/uy, " /z,] (continue)
)A\ G, X) = {a | Fu. po =} is a finite set

1€[1,n]
proof: by structural induction on p
p=p\a po=po\ G(p,X) =Gy, X)

{q| 3. po = qt ={\o | Iu & {a,a}p'oc ¢}
finite, by inductive hypothesis

p=py+pi po=pyo+pioc G, X)=G({py X)ANG@p),X)

{q | Fu. po = gt ={qp | Iu. pho = ¢4} U{q, | Fu. o = ¢;}
finite, by inductive hypotheses



TH. X ={x1,..,2n} o=[""/uy, " /z,] (continue)
) A /\ G(pi, X) = {q | 3u. po = 4} is a finite set

proof: by structural induction on p

p=rec z.p’ without loss of generality = ¢ X U U fv(pi)
1€(1,n]

po =rec x. p'o
G(p, X) = G(p', X U{z})
{q |3 po 5 qt={d |3 pof=77/,] 5 ¢’}
finite, by inductive hypotheses



