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Abstract. The rapidly increasing demand for ubiquitous communica-
tion has led to the widespread use of wireless networks. These systems
consist of a group of independently executing components which may
migrate through some space during the course of the computation, and
the connectivity between the components changes with their migration
[5][6]. The support for this physical-distribution-constrained communi-
cation paradigm cannot be explicitly seen in the communication model
of the m-calculus [7]. In this paper, we first analyze the communication
features of mobile network systems. Sequentially, we propose a two-layer
connection model for the communication between components in mobile
network systems. Finally, an extension of the n-calculus, entity calculus
is introduced.

1 Introduction

Process algebras, such as CCS [3] and its successor the m-calculus [4], have shown
to be very effective for verifying interactive systems such as wired communication
systems and mobile agent systems at the system level, and the formal languages
based on these algebras have gained great success in modelling such systems.

In mobile network systems (later referred as MNS), the physical location (or
other physical states such as power strength) of processes may affect the inter-
action results between processes. It is technically difficult to model the dynamic
physical distribution of processes in the m-calculus. Furthermore, the verification
of the m-calculus based models often neglects the physical distribution effect,
which is an important feature of MNS. Most of the properties of MNS, such as
the presence of deadlock states, are relevant to the resource allocation strategy
of systems, and the dynamic physical distribution is one of the most important
factors that lead to resource reallocation.

Mobility of concurrent distributed systems has received much attention in the
last ten years, and several calculi based on the n-calculus have been proposed to
model the physical distribution properties. The 7F calculus [1][2] derived from
the w-calculus is more closely related to our work. The authors, Ando et al,
define a field concept which is a set of locality constraints on communications;
they also model the environment independently.

The motivation of our work is to incorporate the dynamic physical distri-
bution into the calculus, which allows the designer to have the capability of
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verifying system characteristics such as the absence of a deadlock in the scope
of different dynamic distributions.

The content of this paper is organized as follows. In section 2, we analyze the
mobility issue in MNS; the entity calculus is introduced in section 3. Finally, we
summarize the work.

2 Mobility in Mobile Network Systems

MNS are composed of a group of independently executing components which
may migrate through some space during the course of computation. The con-
nectivity between the components may change with their migration [5][6]. Every
component in MNS may exhibit two behaviors: one is migration in some space,
the other is independent computation and synchronous communication.
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Fig. 1. Two kinds of Mobility
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In Fig 1, there are four physical locations: a, b, ¢, d. The solid lines represent
physical signal reachability between physical locations and the dotted lines stand
for the logical synchronous relation between processes. In this case, process P
sends a new port name (3 to process (), then () uses the new port to send a name
t to process R. After two synchronization, all of processes successfully terminate
and reach the state 0.

Logical mobility: After P sends [ to @, the logical topology of the processes
is changed from Fig 1(a) to Fig 1(b), and their physical distribution remains
unchanged.

Physical mobility: After process QQ moves from a to b, the physical distribution
of processes is changed from Fig 1(a) to Fig 1(c). However, their logic topology
may not be changed.

3 The Entity Calculus

In this section, we give an informal explanation of our formalization and then
follows its syntax and its operational semantics. Our formalization is based on
the standard w-calculus, while the physical distribution is added as an extension.

A basic entity consists of two components: a group of processes and an ex-
ternal state. For example, {P, ¢} is a basic entity representation where P is a
process or a group of processes, and g is its physical state. They are bounded by
a pair of braces.
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In entity calculus, the physical space is defined as Sact, which includes all
possible physical states. C'set is used to express the relation between physical
states. For example, in Fig 1, Cset is specified as follows:

Cset = {(a,b), (b,a), (b, c), (¢, b),(c,d), (d,c), (a,d),(d,a), (a,a), (b,b),

(c,0), (d,d)}.

In the calculus, parallelism of two granularity levels is treated. Entities con-
currently run and synchronize through physical-state-constrained communica-
tion. Inside the entity, processes are carried out in parallel and synchronized
through communication channels. The processes bound in an entity share the
same physical state. Unlike other process calculi, we treat physical state actions
as observable actions. The physical state actions change their physical states,
which put constraints on their synchronization . These constraints are mainly
caused by the fact that physical communication signals, being the carrier of log-
ical messages, can not be exchanged between all of the physical states in the
physical space.

Syntax of the Entity Calculus: The process-layer syntax is the same as
that of the standard w-calculus except that the action set Pact is extended with
physical state actions. In entity calculus, we partition the action set into three
independent action sets: physical state action set Sact, send action set Csact
and receive action set Cract.

The entity-layer syntax is given as follows:

1. Entity action: 1 := o (Z) @3 |a () @3 | 7@3|a@f | . The parallel actions
at the entity layer are represented by « () @B, a (T) @B, T@B, a@ﬁ and &,
where @ (7) sends a message with a value list 7 and a(7) receives a message
with a parameter list Z. 3 represents the external state of a basic entity. ¢ is
an internal action between entities. 7@ and ¢ are two different unobserv-
able actions of entity. The former represents the internal action in one basic
entity and cannot be observed at the process layer. The latter represents the
internal action between two different basic entities.

2. Entity: A == {P,p}|A|.B|(z)B. |. is an entity parallel operator, and |, is
a process parallel operator. () B makes action name z local to entity B.

3. Constraint set Cset: C'set C Sact x Sact.

Structure Congruence: Two parallel elements, process and entity, are defined
in the syntax of the entity calculus. Accordingly, the process-layer structure
congruence (=,) and the entity-layer structure congruence (=.) are defined.
Again, the process-layer structure congruence is the same as that of the standard
m-calculus. The smallest entity-layer structure congruence is given as follows: °

(1) A|eB =, BlcA, (Al¢B)|.C =. Al.(B|.C), Al{NIL,p} =. A;

(2) (@)(y)A = W)(@)A, @)(A].B) =, Ale(@)Bifr ¢ fn(A),

(x){P, B} = {(x)P, B} where 8 € Sact;
® In the entity calculus, the restrictions only take effects on send names and receive

names.
8 fn(A) represents all the free send and receive names of entity A.
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(3) {P, 3} =, {Q,g} where P =, Q and a € Sact.
The last structure congruence shows the relation between the process-layer
congruence and the entity-layer congruence.

Operational semantics: Similar to the syntax of the entity calculus, the oper-
ational rules of the entity calculus are also classified into two layers. The process-
layer operational rules are basically the same as those of the standard 7-calculus,
while three additional rules, r1, r2, and 3, are introduced to express the relation
of process transitions and entity transitions.

P P:neCsactUr 5 P P'ine Cract 5 P % P'in € Sact
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)

(P.5Yy " (P, B} (P,B}

r2 denotes that there is a non-determination inside an entity when it issues
a receive action. The selected branch is determined by its physical state and its
peer’s physical state, not by itself alone (see rules eCOM M1 and eCOMM?2 ).
The entity-layer operational rules are given as follows:”
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Rules eCOM M1, eCOM M?2 together with ePAR describe the physical-
state-constrained communication. The result of synchronization depends on their
physical states. If the physical signal can be transferred between two physical
states, the process in the receive entity goes into the next state. Otherwise, the
process remains in its original state.

Now, let us check the interaction between processes considering their dynamic
physical distribution in Fig 1. The physical movement between location d and a
is specified by process P,, (P, def d.a.Pp).

The system is represented as the following;:

System & {P|, P, a}]{Q, b} AR, c}.

The deduction of the system is given as the following.

" We can use rules eLPAR, eCOMM1, eCOMM?2 together with ePAR to deduce
their symmetrical rules. For example: e LPAR together with ePAR deduces to rule

KAt
eRPAR: —A24
Bl.AL A B
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System 2 {@ () 0lpd.a.Pp, a}|e{a () 7 (&) .0,b}{B (z) .0,c}

@ () Olpa- P, dYe{r () 7 (1) 0,0} {8 () .0, }

o {0l Py dY e () 7 (1) 0.0} {8 (2) 0, ¢}

At first, P moves from location a to d; then P tries to synchronize with @ at
action a. Using rule eCOM M2, P issues a send action and goes into terminate
state, but @ does not receive the new port name from P. At present, both @
and R are waiting for receiving a message, thus the system goes into a deadlock
state.

In this example, we demonstrate that a mobile network system may exhibit
different behaviors according to its physical distribution. The main motivation
of the entity calculus is trying to reason about this situation, and provide a
mathematic framework for mobile network system modelling and verification.

4 Conclusion

In this paper, we proposed a concurrent calculus, entity calculus, for formalizing
MNS. In the entity calculus, an entity represents a group of processes that share
the same external state. In this way, the physical-distribution-constrained com-
munication paradigm can be more easily modelled in the entity calculus than in
the 7- calculus.
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