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Abstract. In this paper an action-based logic for the m-caleulus is pre-

sented. A model checker is built for this logic, following an antomata-
based approach. This is made possible by a result. which allows finite
state Labelled Transition Systens 1o be associated to o wide class of

m-calenlns agents, so that bisimilar Labelled Transition Systems are as-

sociated to bishinilar m-caleulus agents. The model checker has then been
built rensing an efficient model checker, that was developed to check the

satisfiability of formulae of the action based logic ACTL on finite state
Labelled Transition Systems, and implementing a sonnd translation from
the w-logic into ACTL.
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1 Introduction

The m-calculus [14] is a formalism suitable to model the behaviour of systeins
where the conmmunication topology among processes can dynamically evolve
when the computation progresses. Its primitives are simple but expressive: chan-
nel names can be created, communicated (thms giving the possibility of dynam-
1cally reconfigurating process acquaintances) and they are subjected to sophis-
ticated scoping rles. Moreover names can he used to model objects [21] and
higher order communication [18]. The m-calculus has greater expressive power
than ordinary process calculi, but also a much more complicate theory. In par-
ticular, the usnal operational models are infinite state and infinite branching.

Logics have heen proposed [15, 2] to express properties of 7-calculus agents.
These logics are extensions, with 7-calenlus actions and names quantifications
and parameterizations, of classical action-hased logies [11, 12].

Verification algorithms have been studied to check both behavioural and log-
ical properties of 7-calenlus agents. In the case of infinite state systems verifica-
tlon techuiques that rely on the representation of the state space of the system,
reveal nadequate. For this class of systems, several decision procedures lave
been defined that rely on local methods [19] or on the symbolic representation
ol the state space [10]. This is the case of m-calenlus for which a tablean based
proof system, to chieck beliavioural and logical properties, expressed in the logic
[2], has been imiplemented [20].

A recent result [16] allows a finite representation of m-calenlus agents to
be given by assocliting to them finite state Labelled Transition Systems (i.e.
finite antoinata). The theory of [16] ensures that equivalent Labelled Transition
Systems are associated to equivalent. w-caleulus agents.

Starting from the resalt, in (16], iu this paper we address the jssue of logic
verification for the m-calenlus. We present a logic, called m-logic, snitable for
expressing properties of m-caleulns agents, and a model checker for it following
an automata-based approach [1].

The model checker has been built using the implementation, described in [4],
of the trauslation function of [L16] and reusing an existing model chiecker, Anmc
[5, 6]. AMC checks the satisfiability of forinulae of the action based logic AcTr
[3] on finite state Labelled Transition Systems. The rense is made possible hy
the definition of a sound translation function from m-logic fornmlae into Acrr
ones. The model checker we propose supports verification of a-logic fornmlae,
with modalities indexed by m-calenlus actions, able to express a wide class of
safety and liveness properties of 7-calenlns agents.

Our decision not 1o divectly tmplement the model checker, but to rense AMC,
was due to the aim of rapidly building a model checker for the m-logic Lo exper-
mment with the deseriptive power of the new logic while relying on efficient and
confinnonsly upgraded tool.

The paper is organized as follows. Section present some preliminary no-
tions on Labelled Transition Systems and on the logic AcTL. In Section 3 a brief
description of the m-caleulus syntax and semantics is given and the m-logic is
presented. Section 4 presents the striucture of (e proposed model checker. In




Section § the methodology that allows a m-calenlns agent to be translated into a
finite state Labelled Trausition Systems is shown. Section 6 describes the trans-
lation into AcTL of the m-logic operators. In Section 7 an example is shown of
the use of the model checker for the verification ol logical properties of a dynamic
protocol. Section § concludes the paper.

2  Preliminaries

In this Section we describe Labelled Traunsition Systems, that are a semantices
model for concurrent systems, and the Acrr, logic [3] (the action based version of
the CTL temporal logic [8]) that is interpreted over Labelled Transition Systems.

Definition1 Labelled Transition System. A Labelled Transition System (LTS
in short) is a 4-tuple 4 = (@, q0, Act U {tau}, R), where:

= Qs a finite set of states:

= qu is the initial state;

— Act is a finite sef of observable actions and tau is the unobservable action;
RCQx(ActUu{tau}) x () is the transition relation. Whenever (¢, o, 79YER

. A ,.
we will write ¢ 2 .

|

Two LTSs are said strougly cquivalont, or strongly bisimilar, if there exisis a
strong bisimulation relation hetween their initial states [13].

ACTL is a temporal logic that is suitable for deseribing the behaviour of sys-
tems that performn actions during their working time. In fact, ACTL embeds the
idea of “evolution in time by actions” and is suitable for describing the various
possible temporal sequences of actions that characterize a system (l.e. AcTL s
a branching tim. temporal logic). The original definition of AcTL inclndes an
auxiliary logic of action formmlae.

Definition 2 Action formnlae, Given aset of observable actions Aef the Jan-
gnage AF(Act) of the action fornmlae on Aet i5 defined as follows:

v o= true i b } -y : v&y

where b ranges over Act.
ACTL is a bramching time temporal logic of state Tormnlae (denoted by ¢), in
which a path quantifier prefixes an arbitrary patl formula (denoted by 7).

Definition3 AcTL syntax. The syntax ol the Acrr fornlae is given by the
grammar helow:

¢ = true I o & @ j ~ ¢ f yors ’ Amw

7= Nyle ; N{tau}o ? [o{v 1] f [\ )]

where v, v/ range over action forimilae, 2 and A are path quantifiers, and X

and U7 are the neat and the until OPeTators respectively.




In ovder to give the definition of the AcTL semantics, we need to introdiuce
the notion of paths over a LTS,

Definitiond Paths. Let A = (Q, qo, Act U {tau}, R) be a LTS.

— o s a path from r, € Qi either o = 1y {(the empty path from 7o) or o is a
(possibly infinite) sequence (ro, ooy, ) (1, o, ry) .. osuch that (v, gy, Tigy) €
R.

= The concatenation of paths is denoted by juxtaposition. The concatenation
1oy s a partial operation: it is defined only if oy is finite and its last state
coineides with the initial state ol @s. The concatenation of paths is associative
and has identities. Actually, oi{o203) = (0104)os, and il 1y is the first state
of o and r, 15 its last state, then we have ryo = or, = 0.

= A path o is called maximal if either it is nfinite or it is finite and its last
state has no snecessor states. The sef. of the maximal paths from »y will he
denoted by I7(ry).

= o is infinite, then |o] = w.

If o =ry, then |o| = 0.
Ho = {ro, o0 ), oo ) (e vy g ), 1 > 0, then |o| = n + 1.
Moreover, we will denote the i state i the sequence, i.e. r;, by ().

Definition 5 Action formulae semantics. The satisfaction relation = for ac-
tion formulae is defined as follows:

a |= true always

=bh Wa=1b

=~y U not a =

af oy & yvilla Eyvandal=y

As usual, false abbreviates ~ true and NIy abbreviates ~ (~ v &~ v').

DefinitionG AcTL semantics. The satisfaction relation for AcTL formulae is
defined in the following way:

s = true always:

skEo & ¢ s =g and s b= ¢

S~ Hhnot s = g

sk Er Ul there exists o € [T(s) such that o =

s B Aw Wiorall o € [1(s), o |= =

o= Niyle e = (a(0), 0, o (1))a’, and oy =y and o(1) = ¢

o= X{tanls e = (o(0), tau, o(1))e’, and a(l} | ¢

7 k= ({1 ] Ul there exists 7 > 0 snch that a(i) E ¢, and for all 0 <<

o =a'(o(j) oo+ 1)o” implies o(7) B ¢, and ;) = tau
or oy o

a = i HT {1 )l there exists Z Lsuch that o = o'(a(i— 1), 0y, a(2))o”, and a(i) =
o and a(i — 1) = b, and « = v and for all 0 < I < io=
aila(j — J),r\",»,rr(_/'))rr_']-' miplies a(j — 1) = ¢ and v; = tau or

oy }: X-




As usnal, false abbreviates ~ true and é|¢’ abbreviates ~ (~ & &~ ¢').
Moreover, we define tle following derived operators:

~ EF¢ stands for Eltrue{true}i/q].

AG¢ stands for ~ EF ~ 4.

= < a> ¢ stands for Eltrue{false}l/{a}d¢].
- < tau > ¢ stands for E’[trne{false}('/(_ﬁ].

|

The AcTL logic can be used to define livencss (sometling good eventually
happens) and safety (nothing had can happen) properties of concurrent, Sys-
tems. Moreover, the AcTL logic is ade quate with respect to strong bisimulation
equivalence on L'TSs [3]. Adequacy means that given two LTSs A4, and A,
they are strongly bisimilar il and only if Iy = ), where I, = {# e AcrL :
A; satisties @), i = 1,2

3 A logic for the mw-calculus

In this Section we present the logic formalism, called m-logic, that we define
to express properties of m-caleulns agents. We start with a brief description of
the syntax and the operational semantics of the m-calenlns, on which the logie
formmlae are interpreted.

Definition 7 #-calenlns syutax. Given a denmmerable infinite set. A" of names
(denoted by a, b, ), the m-calenlns agents over A e defined as follows™:

P = nil ‘ . P ‘ PPy [ P+, } ()PP l [ =y]P I A(;rl,.._..’r,,,A))
o = tan } aly ’ a?y),

where r(A) is the range of the agent identificr A,

The ocenrrences of 1y in a7(y). P and ()P are bound; free names are defined as
) y y )
usual and we use indicate the set of {roe namnes of agent P with £n(P). For each
identifier A there is a definition Al yeay) = Py (with y; all distinet and
fn( P4y Cly, ..y, and we assumne thiat each identifier in P4 is in the scope
A S Yriny A
of a prefix (guarded recirsion).
The actions that agents can erform are defined by the followine syntax:
5 | ) £ 8)

/= tau f aly { {2} I 7y

where o and y are free names ol pe{(En(y)), whereas = is a bound name (bn{y1));
finally n(y) = £n(p) Ubn(y). In the actions we can distinguish a subject, a and
an object, y and z. The structural mles for the carly operational scmantics are
defined in Table 1.

The strong early hishmnlation [15] is given by the following definition:

* For convenience, we adopt. the syntax of the agents we nse Lo mpnt agents in the
enviromment. We nse () {or the restriction. #2(y) P lor inpnt prefixes and aty P

for outpnt prefixes. The syntax of the other operators is standard.




TAU tan P 2% p OUT wly. p 2% p IN w2(y). P 22 Plz/y)
o 1t o » toop!
SUM —Li=—=1r" PAR — D=2 P i ey = o
Pr+ Py p PPy — PPy
o e o ATu r ,l:!(g/_) o oo Fu
com L= _Po = By g PR PP = Py gy
Pie, B2y PR 2 )Py
" ’ 5 Wy
RES —L—=P" it &niu) OPEN f(—)'P ifa #y, = & tn((y) ')
(&) P = (a)P (y) P =2 ]f”{z/;,/}
MATCH — L = /" ing Patm/en /o) 2 P
[0 = &]P L p? Ay, -y Lop ]

Table 1. Early operational semantics,

Definition8. A binary relation /2 over a set ol agents is a strong early bisiinn-
Tation if it is symumetric and, whenever (P, Q) € B, we liave that:

—iftP L prand In( P Q)Nbn(s) = O, then there exists Q" such that ¢ L )
aud (P Q") e .

Two terms are said strong carly bisimilar, written P~ Q. if there exists a
bisiimulation B sucl that, (P.Q)e B.

I order to express properties of 7caleulis agents. we introduce a temnporal
logie, called i the following m-logic, that is based on the logic formalism glven
i [15). In [15]. the modal operators ol the classical Hennessy-Milner logic {11]
are extended to deal witlh 7-calenlus actions.

Together with the stroung newt modality defined in [15], the 7-logic also in-
cludes a weak nert modality, whose meaning is that a unmber of tau can he
execnted before the ocenrrence of an action Moreover, to express general lve-
ness and safety properties, the ¢ nlually temiporal operator (notation EF¢)is
mtroduced.

Definition 9 w-logic syntax and semanties. The syntax of the m-logicis given
by:
¢ = true f ~ ) l b & o ] EXApteo ’ <p> ' FElFa.
The interpretation of the logic formulae defined by the above syntax, is the

follenwving:

= P = true holds always:

The notation <> is generally nsed in the framework of modal logics to denote
the strong next wodality, while € > is used for the weak next modality, Here we
adopted instead the AcTi-like notation B3], where the strong next is denoted by
EX and the weak next by <_>. This notation is more convenient, i this case, since
m-logic formmlae will he mapped into AcTL formmlac.




= Pl ~¢ if and only if not P =R
—PEOCY andonly it Pl ¢ and P =N
= P E EX{p}gif and only if there exists P sucl, that P -2 P ang p &,
/
jo= tau, xly, o7y
= P E EX{a!(y)}é il and only if there exist P/ and w & Suld) — 4y} such
that p ) pr and P’ = ¢l{w/y};
tau

= P E <pu>¢ifand only if there exist FPo,..., Py, n > 1, such that P = p, ¥24
/ Z

tau ¢ - ; -
P 5P, L P and Py =@, 1= tau, aly, a?y:

- Pl <aly)>¢ if and only if there exist FPo,ooy Pyyn > 1 and w ¢ In(d) —
t t . ot .
{y} such that P = p, 228 [ P, ) Pyand P, k= ofw/y);
- PEEF&ifand only if there exist fyy, . Pooand gy, g, with o> 0,

. - T . ; , -
such that P = p, Zop 1 Pyand P, = o
Some derived operators can be defined:

~ false stands for ~true;

= ¢ | ¢ stands for ~(~g¢ & ~p'):

= [11]@ stands for ~<>~é. This is the dual version of the weak next operator;
— AG ¢ stands for ~FF ~¢. This is the ahways operator, whose meaning is

that ¢ is true now and always in the future.

Theorem 10. w-logic is ade quale awilh respect Lo strong carly bisimalation Cqutv-

alence.

Proof: Tn [I5] it has been shown that the subset of the logic given by ¢ =
true l ~ ‘ b & @ ‘ EN{ i} is adequate with respect, to strong early bisiimmnla-
tion equivalence. 11 is easy to see that strongly equivalent agents satisfy the same
set of weak logic formnulae. Moreover, the eventually operator simiply states that
something will happen in the future, hence strongly equivalent. agents satisfy
also the same set of cn ntwally logic formulae. As a consequence of these facts,
the introduction of the weak next modalitios and of the eventually operator only
adds expressive power to the logic, without changing its adequacy with respect,

to strong early bisinmlation equivalence.

It hias to be noticed that the 7-logicis asubset of the Propositional p-calenlus
with name-passing [2]. The logic presented in [2] is an extension of the pi-calenlns
[12] in which it is possible to express naine paraneterizations and guantifications
over the commmumication objects. It perinits abroad class of properties of systeims
deseribed by m-calenlns agents to be expressed. The 7-logic, with its simple
syntax, can however cover an inferesting class of properties of mobile systems
without using fixed point operators. Moreover, as we will show in the following
ol this paper, an efficient. model checking algorithnn can be given for it.




4 A model checker for the s-calculus

Modal and temporal logies are provided of techmques for verification to show
when systems have or fail to have certain properties expressed in a given logic.
In the case of finite state systems a popular approach is to define an algorithm
called model checker. Efficient automatic verification environments exist that
exploit model checking theories starting from the first model checker, built for
the CTL logic [1]. By using this approach, the complexity of the model checking
problem is a function of the size of the system (imunber of states and transitions
of its corresponding model) and of the size of the {formula. For CTL and ActL
there are straightforward linear (in the size of the system and of the formula)
time model checking algorithms. As more complex temporal logics are nsed, e 2.
p=calenlus, imore complex algorithms are developed. Iy general | these algorithims
are exponential in the alternation depth of the fornmla [9].

hi the case of mfinite state systems antomata-hased model checking tech-
niques reveal inadequate to check the satishiability of systems properties. In this
case, several decision procedure have been defined that rely on local methods
[19], that are often presented nsing tableaux, or on the symibolic (or abstract)
representation of the state space [10].

Agents defined over m-calenlus are usually associated with infinite state mod-
els. Therefore, automatic verification strategies defined for them rely on the nse
of tableaux systems. The Mobility Workbeneh [20) (Mws in short) is the most
popular tool for the verification of behavienral and Jogical properties for the
m-calenlus. The logic verification functionalitios offered by the MwB are based
on the implementation of the tableau-based proofl systemn for the Propositional
j-caleulus with natne-passing [2]. Inference rules are applied to establish if an
agent satisfies (or does not satisfy) a given logic formmla,

I this paper, we will provide a classical model checking algorithm for check-
ing the satistiability of the 7-logic fornmlae on m-caleulus agents. This is made
possible by exploiting the results in [16] that permit, given a finitary m-calenlos
agent afinite state TS to be derived. The miodel checker for (e m-logic is, then,
built using this finite representation nd re-using the existing model checker for
the AcTL logic [5] by means of a sound translation Mmnction from the m-logic
mto AcTr.

5 From m-calculus agents to Labelled Transition Systems

In [16] it has been proved that finite state LTSs can be built for the elass of
Jrndtary agents: an agent is finitary il there s a bound to the nunmiber of parallel
components of all the agents reachable from it In particular, all the finide control
agents, Leo the agents without parallel compaosition inside recursion, are finitary.

In order to associate (o a m-calenlus agent. P oafinite state LTS, a suitable
finite set. of ohject nanies is considered for representing all the bonud ontpnt and
mput transitions of the agent. This sot is defined by taking mnto account the set
an(P) of the semantically actine nanes, or simply active names, of the agent.




The set an(P) is a subset of the free names of the agent, that can be seen as
syntactically active names. Formally, a name = is active in P thatis & € an(P),
if and only if (#)P 2 P. Active nanies have the nice property that bisimilar
agents have the same set. of active names. Notice that this is not true for free
names, as the Example 1 shows. Informally, the names belonging to an(P) are
the free names that are used as sihjects of the actious, or as objects of the [ree
output actions, performed by the agent.,

By assuming a total order among the names in N, ouly one fransition is
used, in the LTS associated to the agent P to represent the infinite set of
transitions corresponding to a hound output x!(y): it suffices to clhioose as label
of the transition the string «!(«), where a is the minimal element. of the set of
names given by A — an(P). Assume that P and (2 are bisimilar agents, and
that both P and @ can perfornn a homnd ontput action with subject x. Since
bisimilar agents have the smne set of active nanes, these bound ontput actions
are mapped into the same transition el wHa) of the corresponding 1TSs.

The representation, in the LTS, of the infinite sof of transitions corresponding
to aninput action 2y, perforied by P is done inasimilar way: in the LTS there
1s a finite set of transitions Tubelled by strings like 20, where wis an active nane
of P, along with a transition Inbelled with a7(a), where o s minimal element of
N —an(P).

The names chiosen to represent, in the TS of P, now active names, will he
called i the following the fresh names of the LTS.

Erample 1. Cousider the bisimnilar agents PP = 27(y).nil and (Q = «?(y)nil +
(w)w!znil. The two agents have different sets of {ree nines, {a} and {2}
respectively. However, they have the same set of actjve names {a b Actually, the
name z i a free name for ¢ but it is nof g semantically active name in (). In
fact, we have that (2)Q ~ Q).

Although it is in general undecidable whether ()P~ P [16] algoritins
for computing the active nanes and the finite state L'TSs of finttary agents
without matching” are given. These algorithms ensure that equivalent (i.e. strong
or weak hisimilar) m-caleulus agents are mapped info equivalent (i.e. strong or
weak bisimilor) LTSs. The complexity of the constrnction of the stite space
of the m-calenlns agent has o worst ease complexity that is exponential in the
syntactical size of the agent [16].

We do not give here a complete account of (he algorithins, Instead, we give
the deseription of the finite state TS assoctated with an agent. Fron now on
B P denotes the restriction (i, b )P owhere dyp ooy, b = To(PYy = an( ).
Notice that [o(ll P) coincides with an( 7).

Definition11. Let 5 he a m-endenlus agent. The LTS associated with Py is
(@, 4 Po, ActU{tau}, —). where Q. Acl— are defined by the following rales. For
Pe:

7 The same algorithm also works for the m-calenius with @ restricted form of matching

[17] that is general enongl for most of the practical applications.




— it P L«, P then P € Q) and I P B pr:

— 0P L P en § P E Q0 gl € Act and 4P ELY P,

— i P '('/) P and gy = min(N — [n(P)) then § P' € Q, wWy) € Al and
wp Yy pr

P P and g€ [Py then Y P € Q, a7y € Act and L P 'LQ/Ul:”;

it PP y = min(N = fu(P)) then P € Q, «?(y) € Act and
Py pr

Notice that the set of the fresh names of the LTS can be casily recognized
since the fresh names are those appearing enclosed in ecnrly brackets in the
transition labels of the LTS,

Erample 2. Consider again the agents P and ) of the Example 1. They have

associated the same LTS (see Fignre 1), with two states, say sg and sy, and

. £l 7))
two transitions sy Y s and sy T~ s, where we have assumed the naine

i

a = nin(AN — {a}).

Fig. 1. The LTS of P and Q.

6 Irom m-logic to AcTL

I this Section we define the translation unetion that associates with eacl for-
mula of the w-logic an AcTr formula. The translation we propose is defined by
having in mind a precise somndness result: we want that a 7 logie formmmlais sal-
islied by a m-calenlus agent P il and only i the finite state LTS associated with
P satisfies thie corresponding AcTL formnla, As o consequence, the translation
of a formula is not nmqnv but it depends on the agent 2. To e Hiore precise,
it depends on the set. S of the fresh nanies of the LTS associated with the agent,

P.




The translation of the (strong or weak) next modalities in which the action
argumients are free ontput or tau actions is innmediate: it s given by the corre-
sponding (strong or weak) Acri, next, operator in which the action Iabel is just
the string corresponding to the action argument of the 7-logic next modality to
be translated.

The translation of the (strong or weak) next modalities in whicly tle action
arguments are imput or hound output actions is more complex, as it depends on
the given set of fresh names S When the translation of a 7-logic next bound
output or mput modality is considered, the action label of the corresponding
ACTL next modality canmot he simply the action argnment® of the w-logic next
modality. In fact, we have to consider that a bound output or input action I,
performed by the mcalenlus agent P, is represented in the LTS of P by labels
that can be different fron fi- Actnally, whenever a 7-logic next honnd output,
modality has to be translated, we have 1o map s action argnment., say 1), to
all the possible transition labels of the LTS of P that can represent, +Hy), that
is to labels of the form £1(s), where s € 5. When a m-logic next input modality
hias to be translated, two possibilities have to he taken into account. The first.
one is that an explicit transition Iahelled by the action argunment of the T-logic
next modality, say 7y, tay exist (this is the case if Y18 an active name of
the agent P). The second one is that it s possible that in the LTS no explicit
transitions exist labelled by 75 This menns that we liave to map +%y also 1o
all the possible labels that can represent a7y in the LTS, that is to labels of (e
form .'lr?('s), where s € 8.

The franslation of the m-logic formmila FF ¢ s given simiply by the Aot
formula EF ¢, where ¢/ is the AcTl, translation of ¢.

Definition12. Let ¢ = {o/yl. We define 10 be the action it obtained from g
by replacing the occurrences of the pame y by the name a. Moreover, we define
Eruel = true, (61 862)0 = 60800, (~ 6)0 =~ G0, (EXN{1}6)0 = EX 1y,
(<> @) =< i) > ¢l and (EFo)) = EFo0.

Definition 13 Translation function. Given a m-logic fornmla ¢ and a set of
names S, the ACTL translation of ¢ is the Acry, forimmla Ts(é) defined as foliows:

- T¢(true) = true
“py) = Ty )& T ()

= Ts(~ p) =~ To(é)

- Ts(EX{tau}p) = EXN{taul7qe(o)

= To(EX{alybo) = EXY b Te(o)

= To(EX{al(y)} o) = fne.s' ENL )V T(00), where 0 = Lo /y)

= To(EXAe?ylo) = B X { J".’j/}’fg(«,ﬁ)ff“EH EXN{e o) YTs(o0), where §f = {er/y)
- Ts(< tau > o) =< tau = Ty(s)

® Notice that in the action argument of 4 w-logic next modality we can distingnish
the type of the action (silent, antput. bownd ontput, input) and eventually o subject
and an object. On the contrary, the action labels of the ACTL next modalities are

simply labels, that is string of characters.




~T(< aly > 6) =< ey > Te()
= Ts(< aly) > ¢) = !”EH < M) > To(pf), where ( = {/y}

~ Te(< a?y > ) =< 27y > Ts(¢) ] I”Eh. < a?r) > To(o0), where § = {o/y}
- T(EF¢) = EFTe(¢)

Notice that the complexity of the translation has a worst case complexity
that is exponential in the nmmber of the names appearing in the set S,

Lrample 3. Consider again the agent. I of the Example 1. The agent P satisfies
the 7-logic formula ¢ = EX{a?utrue for each name u, since P 2% ni1 for
each name u. We want to verify if the AcTL translation of the formula holds in
the LTS associated with P. Lhence we have Lo consider the AcTL translation of
the formula with respect to the set of fresh names S used in the LTS of P (see
Fignre 1), that is {a}. Hence, the translation of the formnla is:

EN{a?ultrue | EN{e?(a)ltrue
Notice that the obtained Acrn formmula holds in the LTS of /.

Theovemi 14, Let P be o m-caleulus agend. with associated LTS A and ¢ be a
w-logee formaulo. Then we have that P = o if and only if L P = Tolh), where S
15 the sct of fresh waines of A.

Proof sketeh: In order to show the theoreny, we use stroctnral induction on &.
Sinee the logic has the negation operator, we have only to show one implication.
We will show that whenever P j= ¢ then | P = Ts(6).

We will prove the theoren for 4 = EX {a?yhd, the other cases are easier. We
g T AN AY — JTNS . VT A NS e NVT A
recall that Te(EXN{r?y}é’y = EXN {a Yt Ts (') ] ’nex/“\ V(o) Y Ts (" Lev, y}).
Assume that 1 = EX {7yl Then, we have that there exists 2/ sucle that
o Ty . . . K

P —= P and I = 6. By induction, we gelt P = To(o). Now, we have o
consider two cases, ey € an(P) and y & an(l).

case y € an( )

Wy € an(P) then L7 1P Henee, U= EX{atyYTo(67), that implies
yr l: TN { .1“.')]/}!;‘/)'),

case y & an( )

I this case, the LTS does not contain an explicit input trausition labelled by
P . . . wAY
wy rom P Tustead, we have that there exists the transition P )‘U, P,
where 3 = anin(N = an(P)). P25 proand pro= Pyt We will show
that [ P = 17X VT (0 3y ). T order to show this, we have to show
that J P = T3 uty. Heuece, we reduce to prove that L PY{z/y} =
T ({3 yl). To do this we can prove (by nsing structural induetion on )
that P' = o/ iniplies P13y} |2 Ayl and then apply the induction

hypothesis.




7 A verification example

In this Section we show an example of verification of sone m-logic properties of
a system specified by a m-calculus agent.

The system has been inspired by the principles nsed by a new generation of
Web browsers, as that described i [7]. Differently from other Wel browsers, that
have a static knowledge of Tuternet data, protocols and behaviours, the hrowser
we want to specily knows essentially none of them. However, it is able to dynan-
maﬂyeuuvnmeHs<mpnhﬂﬂhxlgfnnmUS(ﬁ;x(MWuswnan)soﬁ“mrenngnnkm
across the network. When a request is raised by an nser, the special software
zqqﬂkmtknmluwﬂad14)dﬁphu’Hu’dnuxun%nnhnnnﬁcuﬂyinMﬂHedinIhelMﬂﬁs
syﬂmn‘Thﬁ;MUwscmwmn<hwdomwstofﬁdlhw<ﬁ;Mdmg1mw features to
Hmhlwownnm,wnhmnthvlwm!ufmmﬂdmglmw browsers and servers with
added capabilities. Moreover, the dynmmnic Joading of the used protocols allows
the end user to nse a unique Web hrowser, mstead of selecting some specialized
lwo“merzdﬂelx>uuwmsfhe(hNA.qﬂuﬂlwu“xer\VHlsnnHﬁlthvtmrgﬂtsysmﬂn for
thesoﬁ“mrvcodvto;uhlM)Lh»hunlxyﬂwnxin<wdmrtn(wwnuihfmqvv1hv|mar
request,.

We will give the system specilication by using the z-caleulus formalism. Ae-
tually, m-caleulns perinits to describe in a suitable way the dynamic behaviour
of the systemn. The system specification consists of two modules: the browscr anc
the protocol-handlcr. The browser receives via the channel focal the user reqguest,
that is the name of the host and the nae of the desired object. Then, the browser
sends to the host a request 1o access the given object. The host comnnnicates
to the browser the class of the protocol to he used to correctly display the data.
This nformation is conmunmicated by the browsor to the protocol-handlor, via
the internal chanuel req. The protocol-handlor can send to the host the request,
to get the protocol code to be loaded o the docal systenr. After the protocol
has been taken, the protocol-handlcr can load it on the local system. The object.
data, sent by the host and received by the browser, are then sent. by the hrowscr
to the local system that ix now able to process then correctly. In the following

the m-caleulus specification of the systen is reported,

parseterm protocol-handler(req, 1d) := (req?(host). req?(class).
host!class. host?(protocol). 1d!protocol. reqiprotocol.
protocol-handler(req, 1d)) endterm

parseterm browser(local,req) := (local?(host). local?(object).
host'object. host?(class). reqlhost. req'class. req?(ack).
host?(data). local!data. browser(local,req)) endterm

parseterm system(req,1ld,local) := (req) (protocol-handler(req, 1d)
Il browser(local,req)) endterm

Some of the Tornndae that we want to verify on the svstent Lo guarantee its

correct hehaviour are:




L Whenever a request for the object o, located on the host I, 18 raised by the
local systeny, then eventually the host will send a protocol p that will he
loaded on the local systen:

A(,}'([l()('(l/'?/:.][/r)(’u/'.”()] EF < Wty >< 1dy > true)

2. Whenever a host name I is communicated by the local system, it is ahways
true that i the host commmunicates a protocol p and the protocol is loaded
on the local systemn, then some data d are received {roim b oand sent to the

local systern:

/1(,7'([/()(:ul?h]:‘l(y'([/l?/)][/r/!/)] < Itd >< localld > true))

3.1t s eventually possible that a host name heis commmuicated by the local
system and then it is eventually possible that /i comimiiicates a protocol p
that 1s Toaded on the Joeal system. Then some data d will he received {rom
hoand sent to the local systen:
ER(< local?h > EF(< Wip ><Adlp >< h?d >< localld > Line))

In order to do model checking of these properties on the system, we have, as
afirst step, to generate the LTS associnted witl, the systent. Tn order to do this
we nse Lhe tool deseribed i [4). The LTS obtained by perforniing this step has
I3 states and 17 transitions and it is shown i Fignre 2. Notice that the set of
the fresh names of the LTS is {20,811}

Jocal N #0

local 240

focal 2 1)

g
HOHO

BT

P
o #OLEO

O
HOAHY)

lebtis

focultiil HHG Tocal! 40

Fig. 2. The LTS associated with the systens.




The next step we perfori is the translation of the 7- logic fornmlae into AcrL
formulae. To do this we give in input to the automatic formulae translator thatf
we have implemented the 7-logic formmlae and the LTS on which the translated
formulae have to be interpreted. The translator, after the capturing of the in-
formation about the fresh nanmes nsed in the LTS, translates the given formulae
into the corresponding ACTL ones.

The resulting AcTL formulae can then be checked on the 1T S, by using the

AcTL model checker, Anmc [5]. Al} the formmtae resnlt to be trae in the LT S, as

we expected.

8 Conclusions

The proposed model checker for the verification of logical properties of m-caleulus
agents, presented i this paper. exploits antomata-hased approaches to the logic
vertfication. Once the finite LTS of a 7-calenlns agent has heen generated [16, 4],
efficient model checking (in the style of [1]) of w-logic formmlae can be performed.
The model checker of w-logic formulae has been realized by implementing a logic
translator from 7-logic fornnlae into AcTL fornulae, and by using toals that
have been integrated in the Jack verification enviromment [6, 4]. The Jack
environment, that combines different specification and verification tools. pernits
to generate llw LTS associated with a given m-calenlns agent [4]. and to reduce
its size by using standard antomata mininization tools. The model checking of
m-logte formulae can be done, after a suitable translation into AcTtn fornmlae,
by using the AMc model chiecker for the Acry logic, nside JACK.

The complexity of our methodology is given by the construction of the state
space of the m-caleulus agent to be verilied, that i 15, in the worst case, exponential
in the syntactical size of the agent.

Some commparisons have to be done between tlie logic verification fuuctionali-
ties offered by the proposed model chocker and those offered by another existing
tool for the verification of logic fornmlae for the m-caleulus: the Mobility Work-
beneh { ). The main difference between our .nm)m.uh and that adopted in the
MW is that in our enviromment the state space of a m-calenlns agent 15 bult
once and for all.and then used for model checking of logical properties. It has
to be noticed that the a-logic we nse, althongh expressive enongh Lo describe
mteresting safety and liveness properties of m-caleulis agents, is less expressive

than the Propositional pr-calenlns with natne-passing nsed i the Mwi. As a
nture development, we are studying imodel checking technigues, based on the
sarme approach we lave adopted for the verification of 7-logic fornnilae. for the
verification of properties expressed by means of o more powerlnl logic for -

calenlns.,
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