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Summary

As software engineering continues to adopt a component-based approach to-
ward the construction of increasingly complex software architectures, the need
to assess the compatibility and interoperability of the individual software com-
ponents is becoming critical during the integration phase of the software produc-
tion process [5], [9]. This assessment includes performance analysis of integrated
systems and verification of temporal requirements which can be of primary im-
portance for many real-time and embedded systems. While manual and ad hoc
strategies toward component integration have met with some success in the past,
such techniques do not lend themselves well to automation. A more formal ap-
proach toward the compatibility and interoperability assessment is needed. Such
a formal approach would permit an assessment based on automated techniques
and would also help promote the reuse of existing software components.

Components represent high-level software models; they must be generic
enough to work in a variety of contexts and in cooperation with other com-
ponents, but they also must be specific enough to provide easy reuse. Although
there are many (informal) component definitions [2], [7], very few attempts
have been made to formalize these concepts. One aspect which many compo-
nent definitions have in common is the notion of an interface that defines the
component’s access points [8]. These access points allow other components to
use the services provided by a component. Normally, a component can have
multiple interfaces corresponding to its different access points.

The behavior of a component, at its interface, can be represented by a (cyclic)
labeled timed Petri net [4], [10]:

Ni = (B, T;, Ai,mg, ¢, fi, Siy i, Fy),

where P; and T; are disjoint sets of places and transitions, respectively, A; is
the set of directed arcs, A; C P; x T; UT; x P;, m; is the initial marking function
m; : P, = {0,1,...}, ¢; is a choice function which assigns probabilities to free-
choice classes of transitions and relative occurrence frequencies to conflicting
transitions, f is a timing function which assigns an (average) occurrence time to
each transition of the net, f : T — R™, where R" is the set of nonnegative real
numbers, S; is an alphabet representing the set of services that are associated
with transitions by the labeling function ¢; : T; — S; U {e} (¢ is the “empty”
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service; it labels transitions which do not represent services), and Fj is a set of
final markings (which are used to indicate the end of firing sequences).

In order to represent component interactions, the interfaces are divided into
provider interfaces (or p-interfaces) and requester interfaces (or r-interfaces). In
the context of a provider interface, a labeled transition can be thought of as a
service provided by that component; in the context of a requester interface, a
labeled transition is a request for a corresponding service. For example, the label
can represent a conventional procedure or method invocation. It is assumed that
if the p-interface requires parameters from the r-interface, then the appropriate
number and types of parameters are delivered by the r-interface. Similarly, it
is assumed that the p-interface provides an appropriate return value, if such
a value is required. The equality of symbols representing component services
(provided and requested) implies that all such requirements are satisfied.

For unambiguous interactions of requester and provider interfaces, it is re-
quired that in each p-interface there is exactly one labeled transition for each
provided service:

Vi, t; € T L(t;) = L(t;) # € = t; =t;.

Moreover, to reflect their reactive nature, all provider models must be e—conflict—
free, i.e.:

Vt € T Vp € Inp(t) : Out(p) # {t} = L(t) £ ¢

where Inp(t) and Out(p) are the sets of input places of ¢ and output transitions
of p, respectively (this condition could be used in a more relaxed form which is
not elaborated here for simplicity of presentation.)

Component behavior is determined by the set of all possible sequences of
services (required or provided by a component) at a particular interface. Such
a set of sequences is called the interface language.

Let F(N) denote the set of firing sequences in N such that the marking
created by each firing sequence belongs to the set of final markings F' of V.
The interface language of a component represented by a labeled Petri net N,
L(N), is the set of all labeled firing sequences of N:

LWN) = {lo) | o € FIN)},

where é(til ti2 ---tz'k) = g(tz’l )Z(tiz ) é(tzk ) .

Interface languages defined by Petri nets include regular languages, some
context—free and even context—sensitive languages [6]. Therefore, they are sig-
nificantly more general than languages defined by finite automata [3], but their
compatibility verification is also more difficult than in the case of regular lan-
guages.

Interface languages of interacting components can be used to define the
compatibility of components; a requester component N, is compatible with a
provider component N, if and only if all sequences of services requested by N,
can be provided by N, i.e., if and only if:

LN7) © LN).

The compatibility of interacting components can be verified by composing
the component models into one model and checking the properties of this model.



The composition, however, can be performed in several ways, resulting in models
with different properties.

Component composition proposed in [4] is defined in such a way that the
incompatibility of components results in deadlocks in the composed model. Ver-
ification of component compatibility is thus performed by checking the existence
of deadlocks in the composed model. For small and bounded nets this can be
done by using reachability analysis; for unbounded nets and nets with large
marking spaces an efficient approach was proposed which is based on reduced
sets of minimal and basis siphons because a small set of minimal siphons pro-
vides the same information about the absence (or existence) of deadlocks as the
original set of siphons. Moreover, the number of siphons can be significantly
reduced by simple reductions of net models which do not affect the existence
(or absence) of deadlocks, making the siphon-based deadlock detection quite
attractive from a practical point of view [4].

Temporal characteristics associated with interface models can be used to
study the performance aspects of modeled systems and to verify their time-
critical behavior. As for compatibility checking, interacting components are
composed into a single integrated model and then reachability analysis, struc-
tural methods and even simulation techniques can be used for performance
analysis of the model. Such an approach is sufficiently flexible to allow multiple
“client-like” and “server-like” components to be combined in a variety of ways
to achieve different specification goals.

Component compatibility is closely related to component substitutability,
which is usually defined as the possibility of replacing a component C,q of a
system by another component Cye, without disrupting the operation of the
system [1].

Substitutability of a provider component depends upon the relationship be-
tween the language of the original component, £g’;31 and the language of the new

component, £e 1

iy € LB,
the new component is substitutable for the old one, and can replace it without
any adverse effect on the whole system. Such a substitutability is called strong
substitutability [1].
On the ther hand, if

£, c £

the compatibility of the new component must be verified with the set of all
interacting requester components. This is called contextual substitutability [1].
For requester components the substitutability relations are different. If
L0, < L5
the new component is substitutable for the old one, and it can replace it without
any adverse effect on the whole system, so this is strong substitutability.
If, however,
) e o

new



the compatibility of the new component must be verified as in the case of con-
textual substitutability of a provider component.

Prediction of performance properties of a system after substitution of one

or more components usually requires the composition of all components and
performance analysis of composed systems. Only in some cases structural prop-
erties allow to predict the system’s performance without the integration of its
components.
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