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A

IDLEBASE,

qLues

alerty alerts

CENTRE,

CAR(talk,switch) &t talk.CAR(talk,switch) + switch(xt,xs).CAR(xt,xs).

BASE; def talk;.BASE; + give;(xt,xs).switch;(xt,xs).IDLEBASE;

IDLEBASE; & alert; BASE;.

CENTRE; & give, (talka, switchy).alerty.CENTRE»

CENTRE, def givey(talky,switchy).alert| .CENTRE].

SYSTEM © CAR(talky, switchy) | BASE, | IDLEBASE, | CENTRE;.
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Example 13.3 (Scope extrusion). We conclude this section by showing an example
of the use of the rule system. Let us consider the following system:

()xy.p) | q) [ x(z).r

where p,q,r are m-calculus processes. The process (y)x y.p would like to set up a
private channel with x(z).r, which however should remain hidden to ¢. By using
the inference rules of the operational semantics we can proceed in a goal-oriented
fashion to find a derivation for the corresponding transition:

(0%y-p) | @) | x(2).r s
x(w) x(w)
\(CloseL), o=1,s=(w)(s; | r1) (( )xy P) | q—951, x(z) r—>>ry
x(w)

w)
)\(ParL),sl =p1 | ¢, wefn(q) ( )xyp—>p1 x( ) r—rn

N\(Open), p1—pa* /o], wittn((y).p) XV = P2, X(2).r == 1

\(Outys(in), r=r¥ /2], py=p, witfn((2).r) =
so we have:
pP2=p
p1=p2[" /[yl =p[" /)]
ry = r[w/z]

si=pilg=p"/y]|q

s=W)Gst[r)=w) (") [ ("))

oO=T1
In conclusion:

(Mxy-p) 19) [ x(@)r = W) (P[] L) | (r*/2)))

under the condition that w is fresh, i.e., that w & fn(q) Ufn((y)p) Ufn((z)r).



Bisimulation

Early bisimilar processes

Formally, a binary relation S on 7-calculus agents is a strong early ground bisim-

ulation if:

Vp,q. pSq = <

(Va,p'. if p2 p/ with o # x(y) A bn(et) Nfn(g) = @,
then3¢'.q = ¢ and p' S ¢’
Vx,y,p'. if p 0, p' with y & fn(q),
then Yw. 3¢'. ¢ X0, g and p'[" /] S4'[" /5]

| (and vice versa)

Late bisimilar processes

Vx,y,p’. if p ic(—y)—> p' with y & fn(q),

then 3¢. ¢ o), g and VYw. p'[" /5] S ¢'[" /]

Processes which are early but not late bisimilar

def
p_

x(y).7.mil + x(y).nil q défp + x(y).[y = z]7.nil

'hose transitions are (for any fresh name u):

x(u)

x(u)

p — 7T.nil qg — T.nil

x(u)

x(u)

p — nil g — nil

q ), [u=z]7.nil



Example 13.6 (Ground bisimilarities are not congruences). Let us consider the fol-
lowing agents:

pExemil [X(y).nil  g= 2o (y)onil +x(y).xx.nil

We leave the reader to check that the agents p and ¢ are bisimilar (according to both
early and late bisimilarities). Now, in order to show that ground bisimulations are not
congruences, we define the following context:

by plugging p and ¢ inside the hole of C[-] we get:
Clp] = z(x').(xx.mil | X'(y).nil) Clg] = z(x').(xx.x'(y).mil + x'(y).xx.nil)

C[p] and C[qg| are not early bisimilar (and thus not late bisimilar). In fact, suppose
the name x is received on z: we need to compare the agents

P & %x. nil | x(y).mil q (Ef)_cx.x(y).nil + x(y).xx. nil
Now p’ can perform a t-transition, but ¢’ cannot.

The problem illustrated by the previous example is due to aliasing, and it appears
often in programming languages with both global variables and parameter passing to
procedures. It can be solved by defining a finer relation between agents called strong
early full bisimilarity and defined as follows:

P~Eq < po ~gqo forevery substitution o

where a substitution o is a function from names to names that is equal to the identity
function almost everywhere (i.e., it differs from the identity function only on a finite
number of elements of the domain).

Analogously, we can define strong late full bisimilarity ~, by letting

p>~rq << po~pqo forevery substitution o



Axioms for structural equivalence

p+nil = p p+q=q+p (p+q)+r=p+(g+r)
plnil = p pla=qlp (plg)|r=plq|r)
(x)nil = nil M @x)p = x)O)p *)(plg) = p|(x)g if x¢in(p)

[x = y|nil = nil x=x]p = plip=1p
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Sticky Note
X supports a
iff
π ∈fix(X) → π ∈G(a) 
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