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Context

global interconnections global applications
global networks (wireless wired) reachability, security
local free access, firewall, cryptography... performance
the connection structure is notflat — communications
depends on locations
other . location distributed artial

features- changes control knowledge



Motwvations, s

Mobility
Join calculus distributedrt
(distributed)/ T
Te=calculus with local area
PEPAnNets DTt
" Mobile Ambient Boxed rt—calculus

" Boxed Ambients™

locations ambient-abstraction [imiting shared resources
Encodings:

asyn. m-calculus - MA; MA —Join Calculus; MA— SA;

MA — 7-calculus (7)

investigating expressivity capturing mobility



Motivations,)s

ambient abstraction Input/output primitives
definition of mobility
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Motivationss)s

Speci fication environnent

(—
w

transition system premises .

i> conclusions conditions

: pbehavioural \
locality _ equivalences
performance causality

1-to-1
correspondence

Verification environnent



Plan of the presentation

background
the technique developed
the operational correctness

results



Mobile Ambients

Capabilities Processes
= x variable P,Q,R = 0 inactivity
| n name | (vn)P restriction
| in M can enter into M | P|@Q composition
| out M can exit out of M | 'P replication
| open M can open M | M[P] ambient
| € null | M.P capability action
| M.’ path | (z).P input action

| (M) async output action

keeping all processes in v-form:

inm.£.0[¢-m) m{ PR] W ) inm.o[[P| Q



m-calculus (HOT)

a very limited form of higher order
T = € | .74 T:=0|#n,.T|T|T| (vee)T |!T|Y
mu=x(Y) | ZT(K)

keeping all processes in v-form:

a<>@(>)@a(x).e.o (v0) (a<x>.b(y)| ¢ (x).0)

..for convention: 0,, = (va)a(m)



EOS labels for m-calculus

Consider w-calculus processes where | is no longer

assoclative and commutative

T = (P | Q)| S has the following syntax tree:

1
o /o
[lo ‘/ll S
Y\
P Q
Call a sequence of ||o and ||; address, denoted by ¥

Transitions carry rich labels that include addresses



The two famalies

e Mobile Ambients - two kinds of actions: capabilities and

communications; (ambient names, anonymous channels)

e r-calculus - only inputs and outputs (a unique set of

names)

goal: reflecting the two kinds of actions into pure

communication calculus

(there are some works which prove the expressiveness of capability actions)



The translation MA — w-calculus

capabilities com. prefixes

Mobile Ambients  inm (x) m[P]
out m <M>

P| O,

Te—like

com. prefixes

T(P) = (wI)(T(P")T),

where P = (vI)P’ and T =!in(X) |lout(X) |lopen(X)



The semantics of Mobile Ambients

P=P',P' = Q',Q'=Q
P —Q
imposing an ordering on congruences:

modifying semantics rules : Red =:

n[in m.P|0] | m[R] — m[n[P|0] | R]
nlin m.P|0] | m[R] | Po — m[n[P|0] | R] | Py

nlin m.P|O] | m|R] | P — m[n[P|0]| | R] | P,
A1, Ag, As, Ag, C1, ™ 0] | m[R] | Po | Qo n[PIO]| Bl Pol Qo -

Pg | n[in m.P] | m[R] | Qo — m[n[P]| R]| Po | Qo

The two operational semantics coincide



The selector @perator on parse trees

acts on the parallel strucuture of the terms:

m
Proc = PanlR \
/
n
Proc@||, =P| | Q|R P//\\m
Proc @||ollo = P /\ n
n Q R

Proc@|b |l =| Q| R

Proc @], = m



notations

where applying a congruence

Proc=m[PnQIR)] Zcommj, mIn[QIR]|P]

/ N\ / N\
/SN /N
VAN /NP
SN /N T
Q R Q R



A semantics for the m-calculus

We want to:
mimic the MA syntactic movements;

fire an actions under certain conditions on the

configuration of the terms;
maintain an operational equivalence (MA <« m-calculus);

investigate the relation between the auxiliary semantics

and the classical semantics for the m-calculus;



/ i

> The Framework <

Source language (ambient—family)

. congruence rules

@l

(commllly

““mimicking o

Translation function

WA
.. (commllly)
Y@l

Y congruence rules

m-like

Edinburgh, June 12th 2003



Our semantics rules for the w-calculus

a Standard derivation

HOTt semantic rules —

P .

P

semantics for mimicking ambients &
j\>

Tt

No congruence are admitted, but v-form



the rules for ”ambients” (part 1)

T (Ilo?lollolloin(m),l[1|loin(¥))

s T
P , side conditions on the labels

T =,.T"

IIO/

19

/ \ TQl|od|]1][1 = Om
/\
P Oy



The ”’localized” replacements: T{||o — T"}

To = (PI((QIR)[0r))[0m T1 = ((QIR)|04)|P)[0m

||o/\ l(i/\ll
"0/\||1 B ui/\; Om

||o/\ o/\ll
||0/\||1 On ||0/\||1 On

= To{llol[x = To@llo|loHIlollo — To@]lo]]1}



the rules for ”ambients” (part 11)

(llo®llollolloin{m),|1]loin(Y))

T p 1" y
, side...
T=,T"=wT =, (v HT'{||o¥ — (VIW)|Z}
||O/
/
V =T'Ql|p9|o,
\

/ W = T"Ql|o?||1]|o,
/\ Z = T'Q||g?||1]|1
/ \

/N



SUMMarizing...

an M A process P as a mw-calculus processes T', through the translation
function 7 ()

an ambient n[P]| becomes 7 (P) | Oy, where Oy, is (va)a(n).O

a capability becomes an output on distinguished channels.

(to be read by an auxiliary process on the form
lin(Y) lout(Y) [lopen(Y))

(implicitly) the tree of ambients of P through the syntactic tree of the
EOS m-calculus process T (P).

Transitions have the form 7 (P) — T(Q)

(Alternative: explict representation, where a configuration is a pair
(T (P), TREE, and TREE is a partial order of addresses)

CAVEAT: structural congruence may alter the tree of ambients!!



The results:

1 The translation preserves the selectors:

T(P@Y) = T(P)@y

2 The translation preserves structural congruence:
P=4,Qifft T(P)=sT(Q)
(¢ is the list (congruence rule applied, M A sub-process
affected), and @ is the corresponding list on w-calculus

processes)

3 On rigid transitions:

P=yaQifft T(P)=,T(Q)



The results:,

4 On transitions tout court: the following diagram

commutes
P =4 P’ = MA Q’ =g/ Q
) ! ! )

T(P) = TF) =- T@Q) =& TQ)



The results:s

Theorem
Let =, be the minimal congruence induced by the standard
congruence of the HOx, and by the rule
P-Par New (va)a(m).0 =), 0.
To —, Ty implies Ty — s T3

Corollary

AN AN

Let Ty = T(Po), T = T(Pl) then
To — Ty implies Ty — s T4



> The results:, <

Therefore, the transition system of the M A is a fragment of
the transition system of the mw-calculus
(actually one has to get rid of (rva)a(n).O which does

nothing: add a congruence rule).

The same construction can be applied to other calculi, e.g.
variants of M A:
- first define a translation into 7,

- then filter the wanted transitions
The basic ingredient: EOS

Edinburgh, June 12th 2003
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