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Abstract. The volatility of business requirements is putting an increasing emphasis on the ability for systems to
accommodate the changes required by new or different organisational needs with a minimum impact on the im-
plemented services. We propose a discipline for software development centred around the separation between
what in systems are the basic service-providers (objects) and the mechanisms (contracts) through which the be-
haviour of these objects is coordinated to fulfil business requirements. We show how this separation can be sup-
ported in platforms for component-based development, making it possible for systems to evolve by adding, re-
moving or replacing contracts without having to change the rest of the system.

1 Introduction

The problem addressed and the solutions proposed in this paper result from our experience in the last five
years in conceiving, developing and applying methods and tools for modelling banking applications. In
banking, like in many other business activities, the pace of market evolution and the volatility of requirements
have a very deep influence on organisations and their information systems. More and more, large organisa
tions face two important problems in this respect:

- How to conceive and develop information systems in order to support the continuous evolution of the
core business and the evolution of system technology?

- How to make development and evolution scalable in the context of highly volatile business domains?

For better or for worse, such organisations seek answers to these problems in the context of object-oriented
development techniques, of which the UML [7] is now, de facto, a standard. In spite of poor support from
forma methods, one has to recognise that the construction of software has become more scalable and con-
trollable thanks to mechanisms like encapsulation, clientship and inheritance. Even if the promised land of
software component markets is not exactly around the corner, increased levels of reusability can be recog-
nised in today's devel opment practices.

However, our experience has shown that the benefits that object-oriented techniques have brought to software
construction cannot be extended directly to software evolution. Even if object-oriented techniques make it
easier to build systems by putting together components in away that reflects interactions that take place in the
application domain, changes on the implemented systems that result from the need to accommodate new
business rules cannot be performed in such a modular way. This is because interactions are too often "hard-
wired" in the code that implements the participating objects, making it difficult to change or introduce new
interactions without having to change the implementation of the objects as well. Even worse, because such
changes may result in new interfaces for the participating objects, a cascade of changes throughout the im-
plementation of the system may well be triggered to account for the other interactions in which the objects
participate.

As a conseguence, the evolution of an object-oriented system, understood in terms of the need to perform
changes on the system after it is released, cannot be supported in a compositional way. In other words, to
some extent, object-oriented development is till producing legacy systems as far as evolution is concerned.
Y et, time-to-market and other business constraints require that information systems be able to accommodate
new practices and rules with minimal impact on the core services that are aready implemented, thus prompt-
ing the need for modelling techniques that enable evolution to be directly compositional over the architecture
of the information system.

Our purpose in this paper is to contribute to the solution of this problem by means of a modelling primitive —
that we call contract — and a design pattern that enables contract-based models to be implemented, in a com-



positiona way, over component-based development frameworks like CORBA, EJB and COM.

The rationale for contracts is the realisation that, in highly volatile business domains like banking, one can
distinguish between two different kinds of "entities' as far as evolution is concerned. On the one hand, we
have classes of objects like account, client, etc, that correspond to core business entities that are relatively
stable in the sense that the organisation would normally prefer not to have to touch them, often because they
really constitute legacy assets that are important to preserve. On the other hand, we have all the business
products like account packages (different types of savings accounts, credits, etc) that keep changing because
they determine the competitive edge of the organisation. These products require a layer of coordination to be
established over the functionalities of the business entities so that the overall behaviour desired for the system
can emerge.

When systems are conceived as collections of interacting objects, the problems that we have just identified
require that we be able to express, and make available as first-class citizens, the constraints and the rules that
capture the business requirements of the application domain. Because business rules determine the way ob-
ject behaviour and interaction needs to be coordinated, it is necessary that these coordination aspects be avail-
able explicitly in the system models so that they can be changed, as a result of modifications that occur at the
level of the business requirements, without having to modify the basic objects that compose the system. The
purpose of contracts, as used in this paper, is to provide mechanisms for that layer of coordination to be mod-
elled and implemented in a compositional way. In [4], we have emphasised the static modelling aspects of
the concept and shown how contracts can be introduced as an extension of the UML [7]. In this paper, we
focus on the dynamic aspects and present contracts as a means of structuring the evolution of systems.

2 Anexample

We will use an example from banking in order to motivate the notion of contract that we are proposing. The
notation that we use in the examples is a shortened version of the Oblog language [http://www.oblog.com]
that we have been developing for object-oriented modelling. An example of a class specification is given
below for bank accounts.

cl ass Account
operations
cl ass
Create(client: Custoner,i Amobunt: | nteger)
obj ect
Deposi t (amount : | nt eger)
W t hdr awal (anount : | nt eger)
Bal ance() : I|nteger;
Transf er (amount : I nt eger, target: Account)

body
attributes
nunmber : | nteger;
bal ance : Integer := 0
net hods
Deposit is set Bal ance : = Bal ance+anpunt
Wthdrawal is set Bal ance : = Bal ance- anbunt
Transfer is { call target. Deposit(anount)
call self.Wthdrawal (anount) }
end cl ass

In Oblog, a class specification includes a section in which the interface operations are declared. We distin-
guish between class and object operations: the former are used for managing the population of the class as a
whole and the latter apply to each specific instance. Each operation is declared with alist of input and output
parameters and a specification of its required behaviour in terms of pre/post conditions (omitted in the exam-
ple for simplicity). Inthe case of the bank account, the operations that were chosen are self-explanatory.

The body section of a class specification identifies the attributes that define the state of the instances as well
as the implementations of the operations (called methods). Methods can be guarded with state-conditions like
in Dijkstra's guarded commands. In fact, one may wonder why a guard has not been specified for wi t h-

drawal restricting this method to occur in states in which the amount to be withdrawn can be covered by the
balance. The answer to this question is a good motivation for contracts.



Assigning the guard Bal ance3anpunt to wi t hdr awal can be seen as part of the specification of a business
requirement and not necessarily of the functionality of a basic business entity like account . Indeed, the cir-
cumstances under which a withdrawal will be accepted can change from customer to customer and, even for
the same customer, from one account to another depending on its type.

One could argue that, through inheritance, this guard could be changed in order to model these different
situations. However, there are two main problems with the use of inheritance for this purpose. On the one
hand, it views objects as white boxes in the sense that adaptations like changes to guards are performed on the
internal structure of the object. From the point of view of evolution, thisis not desirable. On the other hand,
from the business point of view, the adaptations that make sense may be required on classes other than the
ones in which the restrictions were implemented. In the example above, thisis the case when it is the type of
client, and not the type of account, that determines the nature of the guard that applies to withdrawals.

Hence, it makes more sense for business requirements of this sort to be modelled explicitly outside the classes
that model the basic business entities. Our proposal is that guards like the one discussed above should be
modelled as contracts that can be established between clients and accounts. In fact, we will provide mecha-
nisms for such contracts to be superposed on existing implementations of clients and accounts, considered as
black boxes, so that contracts can be added and deleted in a flexible way (plug and play), reflecting the evo-
Iution of the business domain.

The example given above motivates the advantage of modelling, as first-class entities, the mechanisms that
control the usage of given objects (contracts as controllers). The example below aims at illustrating cases in
which alayer of coordination among different objectsisrequired that is active in its own right.

One of the latest products to appear in the banking area can be called "the flexible package”. Thisisamecha-
nism via which automatic transfers are made between a checking account and a savings account of the same
client: from savings to checking when the balance goes below a certain threshold, and from checking to sav-
ings when the balance goes above a certain threshol d.

Like before, the application of traditional object-oriented techniques for adding this new feature to the system
would probably raise a number of problems. The first one concerns the decision on where to place the code
that is going to perform the transfers: the probable choice would be the checking account because that is
where the balance is kept. Hence, the implementation of account would have to be changed. The "natural”
solution would be to assign the code to a new association class between the two accounts but, again, current
techniques for implementing association classes require the implementations of the participating classes to be
changed because the associations are implemented via attributes.

Another problem is concerned with the handling of the synchronisation of the transfers. If the transfers are
not coded in the methods of the accounts, there is no way in which the whole process can be dealt with atomi-
cally as a single transaction. Again, what is required is a mechanism via which we can superpose a layer of
coordination that is separate from the computations that are performed locally in the objects. Thisis exactly
the purpose of contracts as detailed in the next section.

3 Contracts

From a static point of view, a contract defines an association class in the sense of the UML (i.e. an associa-
tion that has al the attributes of a class) but the way interaction is established between the partners is more
powerful: it provides a coordination role that is closer to what is available for configurable distributed sys-
tems and software architecturesin general.

Another useful analogy is with architectural connectors[2]. A contract consists, essentially, of a collection of
role classes (the partners in the contract) and the prescription of the coordination effects (the glue in the ter-
minology of software architectures) that will be superposed on the partners.

In Oblog, contracts are defined as follows:
contract <name>
partners <list-of-partners>
invariant <the relation between the partners>
constants
attributes
operati ons
coordi nation <interactions-w th-partners> behaviour < behavi our being superposed>
end contract



The instances of the partners that can actually become coordinated by instances of the contract are determined
through a set of conditions specified asinvariants. Thetypical caseisfor instances to be required to belong to
some associ ation between the partners.

Each interaction under "coordination” is of the form
<name> : when <condi ti on>

do <set of actions>

with <condition>
The name of the interaction is necessary for establishing an overall coordination among the various interac-
tions and the contract's own actions. This is similar to what happens in parallel program design languages
like Interacting Processes [14]. The condition under "when" establishes the trigger of the interaction. Typical
triggers are the occurrence of actionsin the partners. The "do" clause identifies the reactions to be performed,
usualy in terms of actions of the partners and some of the contract's own actions. Together with the trigger,
the reactions of the partners constitute what we call the synchronisation set associated with the interaction.
Finally, the "with" clause puts further constraints on the actions involved in the interaction, typically further
preconditions.

The intuitive semantics (to be further discussed in the following sections) is that, through the "when" clause,
the contract intercepts calls to the partners or detects events in the partners to which it has to react. It then
checks the "with" clause to determine whether the interaction can proceed and, if so, coordinates the execu-
tion of the synchronisation set. All thisis done atomically.

An example can be given through the account packages already discussed. The traditional package, by which
withdrawals require that the balance be greater than the amount being withdrawn, can be specified as follows:

contract Traditional package
partners x : Account; y : Customer;
invariants ?owns(Xx,y)=TRUE;
coordi nati on
tp: when y.calls(x.wthdrawal (z))
do x.wi thdrawal (z)
with x.Bal ance() > z;
end contract

Notice that, as specified by the invariant, this contract is based on an ownership association that must have
been previously defined. This contract involves only one interaction. It relates calls placed by the customer
for withdrawal s with the actual withdrawal operation of the corresponding account. The customer is the trig-
ger of the interaction: the interaction requires every call of the customer to synchronise with the withdrawal
operation of the account but enables other withdrawals to occur outside the interactions, e.g. by other joint
owners of the same account. The constraint is the additional guard already discussed. Notice that the con-
straint applies only to the identified pair of customer and account, meaning that other owners of the same ac-
count may subscribe to different contracts.

The notation involving the interaction in this example is somewhat redundant because the fact that the trigger
isacall from the customer to an operation of the account immediately identifies the reaction to be performed.
In situations like this, Oblog allows for abbreviated syntactical forms of interaction. However, in the paper,
we will consistently present the full syntax to make explicit the various aspects involved in an interaction. In
particular, the full syntax makes it explicit that the call put by the client is intercepted by the contract, and the
reaction, which includes the call to the supplier, is coordinated by the contract. Again, we stress that such
interactions are atomic, implying that the client will not know what kind of coordination is being superposed.
From his point of view, it isthe supplier that is being called.

As aready explained, the purpose of contracts is to externalise the interactions between abjects, making them
explicit in the conceptual models, thus reflecting the business rules that apply in the current state. Hence,
contracts may change as the business rules change, making system evolution compositiona with respect to
the evolution of the application domain. For instance, new account packages may be introduced that relax the
conditions under which accounts may be overdrawn:
contract VIP package
partners x : Account; y : Customner;
constants CONST_VI P_BALANCE: I nteger;
attributes Credit : Integer;
invariants
?owns( X, y) =TRUE;
X. Aver ageBal ance() >= CONST_VI P_BALANCE;



coordi nation
vp: when y.calls(x.wthdrawal (z))
do x.w thdrawal (z)
w th x.Balance() + Credit() > z;
end contract

Notice that, on the one hand, we have strengthened the invariant of the contract, meaning that only arestricted
subset of the population can subscribe to this new contract. On the other hand, the contract weakens the guard
imposed on withdrawals, meaning that there are now more situations in which clients can withdraw money
from their accounts.

In general, we alow for contracts to have features of their own. This is the case of the contract above for
which an attribute and a constant were declared to account for the credit facility. It isimportant to stress that
such features (including any additional operations) are al private to the contract: they cannot be made avail-
able for interaction with objects other than the partners. Indeed, the contract does not define a public class.

Our last example models the flexible package that we have already motivated.

contract Flexible package
partners c, s : Account;
attributes mn, max : Integer;
i nvariants c.owner=s. owner;
coordi nati on
put funds: when cal |l s(c. Deposit(z))
do { if c.Balance()+z > nmax then {
c. Deposit(z); c.Transfer(c.Balance()-nex,s)} }
get funds: when cal I s(c. Wthdrawal (z))
do { if c.Balance()-z < min then {
s. Transfer(mn-c. Bal ance(),c); c.Wthdrawal (z)} }
end contract

4 Semantical aspects

The intuitive semantics of contracts can be summarised as follows:

Contracts are added to a system by identifying the instances of the partner classes to which they apply;
these instances may belong to subclasses of the partners; for instance, in the case of the flexible package,
both partners were identified as being of type account but, normally, they will be applied to two sub-
classes of account: a checking account and a savings account. The actual mechanism of identifying the
instances that will instantiate the partners and superposing the contract is outside the scope of the paper.
In Oblog, this can be achieved directly as in languages for reconfigurable distributed systems [20], or im-
plicitly by declaring the conditions that define the set of those instances.

Contracts are superposed on the partners taken as black-boxes: the partners in the contract are not even
aware that they are being coordinated by athird party. In aclient-supplier mode of interaction, instead of
interacting with a mediator that then delegates execution on the supplier, the client calls directly the sup-
plier; however, the contract "intercepts' the call and superposes whatever forms of behaviour are pre-
scribed; this means that it is not possible to bypass the coordination being imposed through the contract
because the calls are intercepted,;

The same transparency applies to al other clients of the same supplier: no changes are required on the
other interactions that involve either partner in the contract. Hence, contracts may be added, modified or
deleted without any need for the partners, or their clients, to be modified as a consegquence;

The interaction clauses in a contract identify points of rendez-vous in which actions of the partners and of
the contract itself are synchronised; the resulting synchronisation set is guarded by the conjunction of the
guards of the actions in the set and requires the execution of all the actionsin the set;

The effect of superposing a contract is cumulative; because the superposition of the contract consists, es-
sentialy, of synchronous interactions, different contracts will superpose their coordinating behaviour,
achieving a cumulative effect. For instance, in the example of the flexible package, the transfers can also
be subject to contracts that regulate the discipline of withdrawals for the particular account and client.

Contracts, as motivated in the previous sections, draw from several mechanisms that have been available for
sometime in Software Engineering, which further clarifies the rationale for the semantics that we gave above:



Contract-based development is based on the idea of separating computation from coordination, i.e. of
making clear what components in a system provide the functionalities on which services are based, and
what mechanisms are responsible for coordinating the activities of those components so that the desired
behaviour emerges from the interactions that are established. Thisidea has been promoted by researchers
in the area of Programming Languages who have coined the term "Coordination Languages and Models'
[e.g. 16].

The importance of having these coordination mechanisms available as first-class entities and as units of
structure in system models and designs was inspired by the role played by connectors in software archi-
tectures[23]. Thisiswhy in [4] we proposed contracts as a semantic primitive enriching the notion of as-
sociation class.

The ability for objects to be treated as black-box components and, hence, for contracts to be dynamically
added or removed from a system without having to recompile the partners, is achieved through the
mechanism of superposition (or superimposition) developed in the area of Parallel Program Design
[9,14,18].

It is important to state that the contribution of superposition techniques for component adaptation in a black-
box style has also been recognised in [8]. The relationship between coordination languages and software ar-
chitectures has also been recognised by severa authors, to the point in which joint workshops are now organ-
ised by the two communities. Our main contribution has been to integrate these three aspects into a primitive
that can be used very effectively for developing and evolving systems in a way that is compositional with
respect to the evolution of the business rulesin the application domain.

In fact, our contribution has gone a step further in that, over several years, we have developed a mathematical
semantics that brings all these aspects together: coordination, superposition, and architectures. The presenta-
tion of this semantics is outside the scope of this paper. Please consult [11] for the formalisation of different
kinds of superposition that lead to the identification of different kinds of architectural connectors (regulators,
monitors, etc); [12] for a formalisation of architectural connectors based on the previous formalisation of su-
perposition, which includes the semantics of instantiation of the partners (roles); [13] for the coordination
aspects as related to superposition and the application to software architectures; [25] for the application to
dynamic reconfiguration, including the definition of algebraic operations on architectural connectors that are
directly applicable to contracts; and [4] for the first formalisation of contracts as presented herein, and their
relationship to the UML.

5 Thecontract design pattern

As already explained in the previous sections, a contract works as an active agent that coordinates the contract
partners. In this section, we are concerned with the way these coordination mechanisms can be implemented.
When defining an implementation, we need to have in mind that, as motivated in the introduction, we should
be able to superpose a contract to given objects in a system and coordinate their behaviour as intended without
having to modify the way these objects are implemented. This degree of flexibility is absolutely necessary
when the implementation of these objects is not available or cannot be modified, as in legacy systems. It is
also adistinguishing factor of contracts when compared with existing mechanisms for modelling object inter-
action, and one that makes contracts particularly suited in business domains where the ability to support the
definition and dynamic application of new forms of coordination is a significant market advantage.

Different standards for component-based software development have emerged in the last few years, among
which CORBA, JavaBeans and COM are the current trend in industry. However, none of these standards
provide a convenient and abstract way of supporting superposition as a first-class mechanism. Because of
this, we propose our solution as a design pattern. This pattern exploits some widely available properties of
object-oriented programming languages such as polymorphism and subtyping, and is based on other well
known design patterns, namely the Broker, and the Proxy or Surrogate [15].
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The class diagram below depicts the proposed pattern. In what follows, we explain, in some detail, its basic
features, starting with the participating classes.

Subjectinterface-i — as the name indicates, it is an abstract class (type) that defines the common interface of
services provided by AbstractSubject-i and Subject-i.

Subject-i — Thisis a concrete class that implements a broker maintaining a reference that lets the subject dele-
gate received requests to the abstract subject (AbstractSubject-i) using the polymorphic entity proxy. At run-
time, this entity may point to a Real Subject-i if no contract is involved, or point to a PartnerConnector-i that
links the real subject to the contracts that coordinate it.

AbstractSubject-i — This is an abstract class that defines the common interface of Real Subject-i and Partner-
Connector-i. The interface is inherited form Subjectinterface-i to guarantee that al these classes offer the
same interface as Subject-i (the broker) with which real subject clients have to interact.

Real Subject-i — This is the concrete domain class with the business logic that defines the real object that the
broker represents. The concrete implementation of provided servicesisin thisclass.

Partner Connector-i — This class maintains the connection between contracts and the real object (Real Subject-
i) involved as a partner in the contract. Adding or removing other contracts to coordinate the same real object
does not require the creation of a new instance of this class but only of a new association with the new con-
tract and an instantiation link with the existing instance of PartnerConnector-i. This means that there is only
one instance of this class associated with one instance of Real Subject-i.

Contract — This is a coordination object that is notified and takes decisions whenever arequest is invoked on
areal subject or when it changeits state.

If there are no contracts coordinating areal subject, the contract pattern can be simplified and only the classes
that are not dimmed in the figure become necessary. The introduction of a contract implies the creation of
instances for the dimmed classes and associations. The following is a possible object diagram when no coor-
dination contract is defined, which means that there are no Contract and no PartnerConnector instances.

v b " (2)
ohi Withdrawal checkingAcc  |Withdrawal | ai
:Client zAccount :Accountimplementation

In this scenario, where object checkingAcc of type Account is not under coordination, the only overhead im-
posed by the pattern is an extra call from the broker to the real object (Accountimplementation). Introducing
anew contract to coordinate interaction with objects of type Account implies only modifications on the object
that playstherole of broker, i.e. in the object checkingAcc, making its proxy become a reference to the object
that playsthe role of a contract partner connector, i.e. the object acc of type AccountConnector, as seen in the
following interaction diagram. Doing only this minor modification, neither the code of clients (e.g. object
cli) nor the code of the broker checkingAcc and the real object ai heed to be modified in order to accom-



modate the new behaviour established by adding the contract apc of type AccountPackage.

The new behaviour introduced by contract apc is described in the object interaction diagram below. This
diagram shows how the contract superposes a new behaviour when requests of type withdrawal () are in-
voked on an object of type Account.

ane cli
:AccountPackage | -Client
(4) (3) (1)
Transfer, getfunds Withdrawal

savingsAcc acc checkingAcc
‘ :Account :AccountConnector <————| -account
(5) (2)
Transfer i (G)E / Withdrawal

ai
:Accountimplementation

In this diagram we can see that once withdrawal () is sent to the object broker checkingAcc, it delegates its
execution on the proxy reference (in this case on acc instead of checkingAcc, as seen on the previous figure).

In acc the implementation of subject services has the following format
Request () IS
IF (a coordination guard hol ds)
THENExecut e the coordi nati on do code
ELSE Execut e the original code of Request

That is to say, before the partner connector acc gives rights to the real object implementation ai to execute
the request, it intercepts the request and gives right to the contract apc to decide if the request is valid and
perform other actions. This interception allows us to impose other contractua obligations on the interaction
between the caller and the callee. Thisis the situation of the first model discussed in section 3 where new pre-
conditions were established between Account Withdrawals and their Customers. On the other hand, it allows
the contract to perform other actions before or after the real object executes the request. This is the situation
of the the coordination equation named getfunds established by the contract Flexible package in section 3.
Only if the contract authorises can the connector ask the object implementation ai to execute and commit, or
undo execution because of violation of post-conditions established by the contract.

As stated at the beginning of this section, current component-based technology does not provide a convenient
way for coordinating components. The benefit of having this form of coordination available as a primitive
construction when specifying components and their interactions is that it avoids the burden of having to code
such a pattern. In the meanwhile, tools which, like Oblog, provide automatic code generation from high level
specifications, must hide the implementation complexity of coordination, allowing the developer just to spec-
ify the contract itself.

6 Contract-based development

The object technology market is growing very rapidly, increasing the offer of low-level tools and technologies
for the fine-grain parts of information system development — development in the small. However, the current
practice of object-oriented software development methods in what concerns the large-grain parts, namely ar-
chitectures — development in the large — still involves the sequential use of analysis and design techniques
and tools. For most large-scale systems, this is quite a wasteful process to follow because it ignores the exis-
tence of software components, design models and environment frameworks.

A new trend is emerging in software development that is based on a growing belief that analysis and design
should be based on predefined frameworks of skeletal applications, components, and design patterns that can
be easily customised and integrated. The only hope for organisations to be able to face the challenges of the
very fast market evolution that we are aready witnessing is, clearly, to adopt such a strategy. Therefore, it
seems clear that the integration and coordination of the different parts of information systems, at all levels of
granularity, is one of the major challenges that software development needs to face.

We believe that a good basis for meeting this challenge can be provided by adopting a development strategy
based on three subprocesses:



1. the construction of individual components implementing the domain objects;

2. the construction of contracts that play the roles of coordination agents responsible for implementing the
configurable business rules for specific domains;

3. the construction of generic component connectors for specific architectures.

Given that contracts can be dynamically superposed on existing components, the word 'construction’ above
can be replaced by 'identification’. Indeed, because contracts treat the partner instances as black-boxes, this
approach promotes reuse at al levels. Moreover, it facilitates the integration of third-party, closed compo-
nents, namely legacy systems.

The advantages that we have identified above in terms of supporting evolution apply, as stated in the intro-
duction, to changes that are triggered by the evolution of the business rules that apply to the system at hand.
Aswe all know, changes to the system can be triggered by many other factors. Our experience has shown that
implementing an information system involves making decisions that may be decomposed according to three
different dimensions, as depicted in the figure below.

- domain of the problem being solved — this dimension is concerned with the description of the problem
at hand, leading to an ideal model, free from any details concerning implementation. This model is de-
fined using a specification language.

- system architecture description — this dimension is concerned with the way the system is structured in
terms of components and interconnections. Modules are vital for dividing large specifications into parts,
and to specify these parts with sufficient precision that one can construct each part knowing only the
specification of the other parts, which points to a component-based approach [24]. The nature of the
components that are needed, and the form in which they need to be interconnected, are influenced by in-
frastructural constraints like the distribution strategy or the type of interaction with the environment;

- software chosen for the implementation — this dimension is concerned with the technology used to im-
plement the business problem according to the chosen architecture.

Ideally, a choice taken with respect to one of these dimensions should not interfere with the decisions related

to the other. This independence enables designers to change a previous decision in one of the dimensions

without having to reconsider the decisions taken in the other, thus achieving a significant degree of flexibility.

Domain
Specification

Architecture

Target /

Environment
As part of future work, we intend to study the way a contract-based approach can influence development and
evolution not only along the Domain Specification, but also the Architecture dimension. For that purpose, we
can capitalise on work aready done in using notions similar to contracts at these lower levels of development.
In the next section, we identify some of these approaches.

7 Reéated work

Several authors have already made similar observations about the need to make explicit and available, as first-
class citizens, the rules that govern the behaviour of systems, namely in [19], which became the subject matter
of the ISO General Relationship Model (1SO/IEC 10165-7). The notion of contract that we proposed in the
paper isin the spirit of this work but adds to it the evolutionary aspects that it inherits from the architectural



approaches, and the concurrency and synchronisation aspects that it inherits from the notion of superposition
as used for parallel program design.

In section 4, we have also mentioned, and gave evidence to the effect, that our approach capitalises on a num-
ber of proposals that have been made in the areas of Programming Languages (coordination languages and
models), Parallel Program Design (superposition), and Software Engineering (software architectures). In fact,
we view the notion of contract as a synthesis of these three aspects which, together with the experience that
we have gathered in information system development, justify an investment in methodologies and tools for
supporting contract-based devel opment.

Having acknowledged the sources on which our proposal is grounded we must, nevertheless, emphasise that
other approaches can be found in the literature that, in many ways, are similar in spirit or capture some of the
intuitions that we had when devel oping contracts.

We should start by saying that the term 'contract’ itself has been quite overloaded:

- there are, of course, contracts in the sense of Meyer [21]; their purpose is to support the development of
object methods in the context of client-supplier relationships between objects. Therefore, they apply, es-
sentially, to the construction of systems. In fact, in what concerns evolution, Meyer's contracts are at the
origin of some of the problems that we have identified in the introduction and which made us point out
that even object-oriented development techniques are producing legacy systems: by adopting clientship
as the basic discipline for object interconnection, a bias is introduced in the way business rules get coded
up, assigning to the supplier side the reponsibility for accommodating changes that, from the point of
view of the business rules, belong to the client. This was the case of the flexible withdrawals for VIP
customers: by placing the contract on the supplier side (the account), the new rules are more easily mod-
elled as specialisations of account whereas, in the application domain, they reflect specialisations of the
client. In [4] we have discussed this matter with more detail. In summary, our opinion is that Meyer's
notion of contract does not scale up to system evolution.

- A notion of contract that applies to behaviours and not to individual operations or methods is the one de-
veloped in [17]. The aim of contracts as developed therein is to model collaboration and behavioural re-
| ationships between objects that are jointly required to accomplish some task. The emphasis, however, is
in software construction, not so much in evolution.

- A notion of contract can also be found in [5] that emerged in the context of the action-systems approach.
Like in our approach, it promotes the separation between the specification of what actors can do in a
system and how they need to be coordinated so that the computations required of the system are indeed
part of the global behaviour. The architectural and evolutionary dimensions are not explored as such.

Besides these related notions of contract, other approaches can be found in the literature that explore the use
of architecturesin evolution:

- Theimportance of architectures for run-time software evolution has been recently pointed out [22]. The
authors highlight the role of architectural connectors in mediating and governing interactions among
components, which is essential for facilitating system evolution in the sense that we motivated in the pa-
per. However, the authors concentrate too much in presenting design and implementation solutionsin the
form of atool set for a Java-C2 combination, missing the abstraction power that superposition provides
as a general technique for enabling contract (or connector) based evolution, and the setting-up of seman-
tic primitive which, like contracts, can be used in conjunction with general languages for object-oriented
development like the UML.

- Another recent architectural-approach to evolution that is important to mention is the one developed by
[10] in which a notion of contract is explicitly developed for managing exchanges between units of evo-
lution. These units, called zones, encapsulate processes, objects and types at design and run-time so that
the contents of one zone can be evolved without affecting the code in another zone. Contracts make the
inter-relationships and communication between zones explicit by providing mechanisms — "change ab-
sorbers' — for transforming calls made on a pre-evolution type from outside the zone into a call onto the
evolved type. The emphasisis, therefore, very much on "lower-level" aspects of managing change dur-
ing run-time evolution which, nevertheless, is a good indication of the importance of architecture-based
approaches for all levels of evolution.

We have also mentioned already that we share with [8] the belief that superposition (or superimposition) is
the enabling technique for a truly "black-box", "plug-and-play" approach to evolution. A basic difference
between the proposed models is that, whereas our purpose is to support connectors, i.e. mechanisms for inter-



connecting components, the goal in [8] is to adapt software components. It results that [8] proposes alayered
model of wrappers reflecting the successive adaptations to which the component is subjected. Instead, our
proposal does not rely on wrappers but on proxys and brokers that facilitate the dynamic reconfiguration of
the context in which the component is being used.

To summarise, it is clear that, by bringing to bear techniques from Coordination Languages and Models,
Software Architectures, and Parallel Program Design, the notion of contract-based software evolution that we
proposed in this paper shares many of the advantages of similar approaches that have been proposed in the
literature exploring some of these combinations (but not all of them). The experience that we have gathered
in applying the concept in real-world projects suggests that contracts are not only an effective mechanism for
enabling a flexible evolution of business products, but also a powerful modelling primitive that analyst find
useful at the earlier stages of domain modelling, at least in the business areas that we have already mentioned.

8 Concluding remarks

In this paper, we presented a discipline for software development and evolution centred around the notion of
contract. Contracts were motivated by the need that we have experienced, when developing and applying
tools in business areas, to separate the domain concepts (objects) from the business rules that regulate their
behaviour. This separation recognises that there are two different dynamics in system evolution: changes to
the way components operate and changes to the way components are interconnected. The former requires a
"white box" view of components and is supported by object-oriented techniques like inheritance. The latter
requires a "black box" view of components and, so far, has been lacking adequate support. The aim of con-
tracts, as proposed in the paper, is to support this latter view towards more flexible ways of system evolution.

Contracts bring to bear techniques developed in the area of Coordination Languages and Models, Reconfigur-
able Distributed Systems, Software Architectures and Parallel Program Design. More precisely, contracts
promote the separation of the coordination aspects that regulate the way objects interact in a system, from the
way objects behave internally; they fulfil arole similar to architectural connectors in the sense that they make
available these coordination features as first-class citizens. Contracts are based on superposition mechanisms
for supporting forms of dynamic reconfiguration of systems. These mechanisms enable contracts to be added
or replaced without the need to change the objects to which they apply.

As a consequence, we can claim that new levels of flexibility have been added to the development process,
promoting plug and play, and a better integration and coordination of third-party, closed components (e.g.
legacy systems). This, we believe, will bring us one step closer to areal industry of software components.
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