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/ Syntax of De1 [HRO2]

M,N = Systems
TP Located Processes
M| N Composition
(newe:E)M Name Scoping
0 Termination

RU := Processes
u{VHYR Output
u2X)R Input
gotov.T Migration
(newcc:C) R Local channel creation
(newlock : K) R Location creation
if vi = vo» then Relse U Matching
R| U Parallelism
*R lteration

\ stop Termination

~
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/ Behaviour \

A configurationconsists of a paif > M, where:

e J is atype environmenfssociating some type to every free nam#lin

e there is a type environmehtsuch thal" + M andl’ <: 1

The behaviour is defined in terms ationsover configurations:
I>M-5 7' > M, whereu ranges on:

e 7. aninternal action, requiring no participation by the user

e (8: E)k.a?V: the input of value/ along the channel, located at the
sitek; the bound names irefare freshly generated by the user

e (8: E)k.a!V: analogous for the output

\_ /
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Internal actions

(M-coMM)

11> M Bk, 17y
7> N (&E)kalV Z/ > N’

(M-comMm)

Z' [>M !eE!ka'V Z‘l DM,
I > N geE}ka’?\/ [/ > N’

\_

I>M|N—»Z>(newe.E)(M’|N’)

(M-SPLIT)

I >KIP| QI =4 I > KIPT | K[QI

(M-MOVE)

T > kl[goto|.P] 54 I > I[P]

(M-UNWIND)

I > K[+P] ——p I > K[+P| P]

II>M|N——>I1>(newe.AEd)(M’|N’)

(M-L.CREATE)

I > Kl(newlocl : L) P] 54 7 > (newl : L)K[P]

(M-C.CREATE)

I >K[(newcc: C) P] -5 I > (newcek : C)K[P]

~

/
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External actions

(M-IN)

ka) | T V:IYKka)

7 > k[a?2(X) R] *2% 7 > K[R{V/x}]

(M-WEAK)

T.(e:E)y> M (dDkaV, 77y

bn(e) ¢ 7

> M (eE d:D)k.a?\/> 7> M

(M-CTXT)

I M5 T'>M

o

b ¢ fn(N
ToMINSS 7o M (N e

I>NM-ELET7">N | M

~

(M-ouT)

I"(k,a) |

7> K[al(Vvy P £&Y% 7. (v : I'(k, a))ek > K[ P]

(M-OPEN)

I, <e —|—> > M (df))kalv I/ > M/

I > (newe: E) M (EEEDKAV, 77 \p/

(M-NEW)

I (e:TH ML T (e:T)> M

bn(e) ¢
Iv>(newe:E)M 45 17 > (newe: E) M’ n(e) ¢ u
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/ Bisimulation equivalence \

A binary relation over configurations istasimulationfHMRO04]
If both it, and its inverse, satisfy the following transfer property:

(j|\/|l>|\/|)R (INDN) (_Z-M{>M)ﬂ (INI>N)
u implies 0,
Y
(IM/ > M’) (IM/ > M’) R (INr > N’)

We denotevy,s the largest bisimulation between configurations, and writej
I E M=pis N

This is a relation over systems, parameterised over type environments

C Tractable proof techniques can be developed for it /
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Proof technigues

Theorem 1 (Contextuality) [HMRO04] Suppose E M =~is N. Then:
e /7 +OiImplies7 E M|O=x,isN|O
o /. (e.:E)E M=psNimplies7 £ (newe: E) M ~ps(newe: E)N

Proposition 1 (Structural Equivalence)lf M = N, thenM =5 N.

Proposition 2 (3-actions) Suppose/ > M L>; N. ThenZ M =~pis N.

\_ /
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Proof technigques (cont’d)

A binary relation between configurations i®@imulation up-tg3
If both it, and its inverse, satisfy the following transfer property:

Im>M) R (In>N) (> M) R (I'n > N)
7 implies (1
(Im > M) (Iw > M) (—p0=)oRo ~pis (Iv >N

Proposition 3 (Bisimulations up-to-8)
If (7 >M)R(L>N), whereR is a bisimulation up-tg@, thenZ M =ys N.

\_ /
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/ Crossing a firewall \

Firewall [CG98,CG99,LS00,MNO3] as a domain to which access is restricted:
F < (newf : F) f[P]|=gotoatell!(f)]
The existence of the firewall is made known only to a located agent:
A < a[R] tellA(x) goto x.Q]|
Then, we prove the equivalence:
TE F|A ~ps (new f : F)(f[P|=gotoatell!(f)| Q) | a[R] (1)

relative to a restricted environmehi such that:

(i) 7 rM**tell : (F)

(i) 7+ a[R]

\(iii) T+ (newf:F)f[P] /
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/ Firewall: the formal proof \

Since, up-to-structural equivalence:
F|A—;F|a[tell(x) goto x.QJ | a[RIl
by Propositions land2 it is suficient to prove:
TE Fla[tell?(x) goto x.QJ|a[R]] ~pis (new f : F)(f[P]xgoto a.tell!{ ) Q]) | alR]]
By Contextualityand assumption (ii) we reduce to:
7 E F|aftell2x) goto X.Q] ~pis (new f : F)(f[P| «goto a.tell!{f) | QJ)
Then, by structural equivalence, and ag@ontextuality to:

It E f[P|=+gotoatell'{f)]|a[tellA(x) goto X.Q] =~pis T[P]|*gotoa.tell!(f)| Q]

\vvhereff Is a shorthand fof, (f : F) /
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/ Firewall: the formal proof (cont’'d) \

Since:

o f[P]|xgotoatelll(f)] |a[tell”(x)goto X.Q ——;
fIP] | flxgotoa.tell!{f)] | a[tell(x) goto X.Q]]

o f[[P|=xgotoa.tell!(f)| Q] —T—>; fIP] | fl+xgotoatelll(f)] | f[Q]

by Proposition 2 Contextualityand assumption (iii), we reduce finally to:

I E flxgotoatelll(f)]|a[tell?(x) goto X.Q] =~pis fl[+gotoa.tell!{f)]| fIQI]

= We define the parameterised relati®my letting. 7 = M R N whenever:
(a) g > M is a configuration andll is the same aMm
(b) orgis’; and

e M has formf [«goto a.tell!{ f)] | a[tellA(x) goto x.Q] | I1, (aftell'{f)])"
\ e N has formf[xgotoa.tell!{f)] | f[Q] | I, (a[tell!{ f)])" /
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/ A server and Its clients \

Let us consider:
S <« g[xreq?(X Yez)goto zy!(isprimgXx)) | S']
Ci < c[[(newcr : rw(bool)) gotosreq!(vi,reci)|C/]

Then one might want to derive:

TE S|igan Ci =pis S|1iepn Gill(newcr : rw(bool)) ri<isprimgv;)) |C/]

We must require thahe computational context can not read req;:
(i) 7 +"*req : w( int, w(bool)eloc )

(i) 7+ 9[S]

(i) I+ G

C The major proof technique we use@®ntextuality /

Proof Methodologies for Behavioural Equivalencebimn 12



Ciaffaglione, Hennessy, Rathke Types 2006

/ Metaservers \

Memory servicea domain installing the service at a new site. Two versions:

S & d[xsetup?(yez) (newloc m: M) goto m.Mem | goto zy!{(m)]]
Ci < c(newcr : R) gotos.setup!<recC) | rAx) Pi(X)]
S’ & d[=*setup’?(X, Yez) goto X.Mem | goto zy! ]

C' < cill(newct:T) (newlocm : M) goto S'.setup’t{m, teC;) | t?P;(m)]]
whereP;(X), Pi(my) is parametric codeR = rw(M), andT = rw{unit)
The two dtferent kinds of serverS andS’ lead to equivalent behaviour:
TE S|C1|Cy ~pis S'|CL|CS (2)

providedthe context has neither write nor read accé&ssetup, setup’:

max . max .
I+ setup: T I+ setup’ : T

\_ /
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