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Abstract. Assembling new software systems from prefabricated componentsis
an attractive aternative to traditional software engineering practices which
promises to increase reuse and reduce development costs. However, these
benefits will only occur if separately developed components can be made to
work effectively together with reasonable effort. Lengthy and costly in-situ
verification and acceptance testing directly undermines the benefits of inde-
pendent component fabrication and late system integration. This paper de-
scribes an approach for reducing manual system verification effort by equip-
ping components with the ability to check their execution environments at run-
time. When deployed in new systems, built-in test (BIT) components check
the contract-compliance of their server components, including the run-time
system, and thus automatically verify their ability to fulfill their own obliga-
tions. Enhancing traditional component-based development methods with
built-in contract testing in this way reduces the costs associated with compo-
nent assembly, and thus makes the “plug-and-play” vision of component-based
development closer to practical redlity.

1 Introduction

The vision of component-based development is to alow software vendors to avoid
the overheads of traditional development methods by assembling new applications
form high-quality, prefabricated, reusable parts. Since large parts of an application
are therefore created by reuse, it is expected that the overal time and costs involved
in application development will be reduced, and the quality of the resulting applica-
tions will be improved. This expectation is based on the implicit assumption that the
effort involved in integrating components at deployment time is lower than the effort
involved in developing and validating applications though traditiona techniques.
However, current component technologies do little to ensure that this is indeed the
case, and that an application assembled from independently developed components
will function correctly in the deployment environment. Software developers may



therefore be forced to perform more integration and acceptance testing in order to
attain the same level of confidence in the system’ s reliability.

When using traditional development approaches, the bulk of the unit integration
work can be performed in the development environment, affording engineers the
opportunity to check the compatibility of the various parts of the system, and to en-
sure that the overall deployed application is working correctly. In contrast, the late
integration implied by component assembly means there is often little opportunity to
verify the correct operation of applications before deployment time. For non-trivial
software components it is impossible to be certain that there are no residua defects
in the code since formal proof or 100% test coverage are not viable options in most
practical cases, and even if a component itself is fault free it may fail in a deployed
environment when it has to rely on the services of other components or has to com-
pete with other (third party) components for resources such as memory, processor
cycles and peripherals. Compilers and configuration tools can help to verify the syn-
tactic compatibility of interconnected components, but they cannot check that indi-
vidual components are functioning correctly (i.e. that they are semantically correct),
or that they have been assembled together into meaningful configurations (i.e. sys-
tems). In short, athough traditional development time V&V techniques can help
assure the quality of individual components, they can do nothing to assure the quality
of systems assembled from them.

This paper describes an approach, developed within the EU project Component+,
which addresses this problem by building tests into components so that they have
their own “built-in” capability to check their environment at deployment time. The
approach therefore distributes the verification effort, traditionally applied exclusively
at the system level, amongst the components making up a system. In effect, it serves
to make components more robust, or trustworthy, by giving them the capability to
raise aflag if they are deployed in an unsuitable environment. System integrators can
thus gain a given level of confidence in the quality of an application with much less
validation effort at the system level.

The correct functioning of a system of components at run time is contingent on
the correct interaction of individual pairs of components according to the cli-
ent/server model. Component-based development can be viewed as an extension of
the object paradigm in which, following Meyer [3], the set of rules governing the
interaction of a pair of objects (and thus components) is typicaly referred to as a
contract which views the relationship between a component and its clients as a for-
mal agreement, expressing each party’s rights and obligations. Testing the correct
functioning of individual client/server interactions against the specified contract
therefore goes along way towards verifying that a system of components as a whole
will behave correctly. The described approach is therefore based on the notion of
building contract tests into components so that they can validate that the servers to
which they are “plugged” at deployment time will fulfil their contract.

Although built-in tests actually execute at run-time once a component has been
deployed, their impact is much wider. Consideration of built-in tests needs to begin
early in the design phase as soon as the overall architecture of a system is developed
and/or the interfaces of components are specified. Built in contract testing therefore



needs to be integrated within the overall software development methodology. In this
paper we show how built in contract testing can be integrated with, and made to
complement, a mainstream model-driven approach to component based develop-
ment. The underlying philosophy behind built-in contract testing is that an upfront
investment on verification infrastructure pays off during reuse. This adds consider-
able value to the reuse paradigm of component-based software development because
a component can complain if it is given something unsuitable to interact with, and if
it is mounted into an unsuitable environment. The benefit of built-in verification
follows the same principles which is common for al reuse methodologies: the addi-
tiona effort of building the test software directly into the functional software results
in an increased return on investment according to how often such a component is
reused.

In the following section, we first introduce the basic principles of component
based and model driven development upon which the approach is based. Section
three then describes the core concepts of built-in contract testing and the various
forms of components which it involves. section 4 describes how contract testing can
be integrated naturally with the features of a mainstream model-driven approach to
component-based development known as KobrA. Finaly, section 5 illustrates how
specific built-in test components can be developed using this methodol ogy.

2 Component-based and M odel-driven Development

Built in contract testing is intended to provide a seamless extension to the regular
component-based and model-driven development paradigms. To avoid dependencies
on the idiosyncrasies of a particular physical component technology, and to allow the
approach to be used in conjunction with any model-driven architecture in the early
phases of development, our approach adapts a general model-driven view of compo-
nents as explained below. The component model is based on that of the KobrA de-
velopment method [1], which in turn is adapted from Szyperski [7]:

" A software component is a unit of composition with contractually specified inter-
faces and context dependencies only. A software component can be deployed inde-
pendently and is subject to composition by third parties’.

This captures the key ideas that a component is a self-contained piece of software,
with well-defined interaction points and modes, and is intended to be combined with
other components into larger software entities. The same core ideas are also con-
tained in the UML's definition [4]. We therefore also adopt this as the working defi-
nition of components for built-in contract testing. The basic rule that governs the use
of the UML in a component-based architecture is that individual diagrams should
focus on the description of the properties of individual components. The use of a
suite of UML diagrams to model a single complex component is depicted in Figure 1
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Figure 1: KobrA component model suite.

The specification diagrams collectively define the externally visible properties of
the component, and thus in a general sense can be viewed as representing its inter-
face. The diagrams of the structural model describe the types which the component
manipulates, the roles with which it interacts and the list of services and attributes
which it exports. The diagramsin the functional model provide a declarative descrip-
tion of each of the services or operations supported by the component in terms of pre
and post conditions. Finaly, the diagrams of the behavioural model describe the
externaly visible (i.e. logical) states exhibited by the component. These are exter-
nally visible internal states that the user of a component needs to know in order to
useit.

The redlization diagrams collectively define how the component realizes its speci-
fications in terms of interactions with other components and objects. This can in-
clude externally acquired, server components, or subcomponents which the compo-
nent creates and manages itself. The realization diagrams collectively describe the
architecture and/or design of the component. The structural diagram is a refinement
of the specification structural diagram which includes the additional types and roles
needed to realize the component. The interaction diagrams document how each op-
eration of the component is realized in terms of interactions with other components
and objects. Findly, the activity diagrams document the algorithm by which each
operation is realized.

Every component executes in a certain environment or context that dictates which
servicesit is expected to provide to its clients, and which support it receivesin return
from its servers. The description of this context is contained within the collection of
models generated by a model-driven development method such as the KobrA
method. This collection of diagrams represents the basis from which testing artifacts
are derived and generated for the built-in contract testing approach.



3 Built-in Contract Testing

Meyer [3] defines the relationship between a component and its clients as a formal
agreement or a contract, expressing each party’s rights and obligations in the rela
tionship. This means that individual components define their side of the contract as
either offering a service (thisis the server in a client-server relationship) or requiring
aservice (thisisthe client in a client-server relationship).

When “individually correct" components are assembled and deployed to form a
new system or to reconfigure an existing system there are only two things that can go
wrong:

1. Explicitly acquired servers or implicitly acquired servers within a compo-
nent’s deployment environment may behave differently to those in its original
development environment. Since such servers are either acquired explicitly
from external sources, or implicitly provided by the run-time system, they
may not abide by their contracts (semantically), even if they conform syntac-
ticaly to their expected interfaces.

2. Clients of the component may expect a semantically different service to that
provided, although they may be “happy” with the syntactic form of the client-
ship.

There are consequently two things, in terms of the generic deployment scenario
depicted in Figure 2, that should ideally be tested to ensure that a component will
behave correctly within its deployed environment:

The deployed component (with the thickened border in Figure 2) must verify that it
receives the required support from its servers. This includes explicitly acquired serv-
ers and implicitly presumed servers (i.e. the run-time system).

Clients of the deployed component must verify that the component implements the
services correctly that it is contracted to provide. In other words, clients of the de-
ployed component must ensure that it is meeting its contract. In order to check these
properties dynamically when a system is configured or deployed, test software can be
built into the components alongside the normal functionality. The test software may
be a collection of tests which are organized in a component, and testing is equivalent
with executing the built-in test software. The two test requirements identified above
indicate that there are basically two places where the additional test software for a
given component should be located:

1. in the component itself, to verify that its environment (its servers) behaves

according to what the component has been developed to expect, and

2. inthe clients of the component to verify that the component implements the
semantics of what its clients have been devel oped to expect.

These two scenarios are illustrated in Figure 2. The acquires and presumes asso-
ciations indicate the relations which must be tested to gain full confidence that the
integrated component will inter-operate correctly. If a component C is a client of
another component S, the purpose of the test software built into C isto check S by
invoking its methods and verify that they behave individually and collectively as
expected. Since the tests built into a client check the behavior of a server, they essen-
tialy check the semantic compliance of the server to the clientship contract. While



most contemporary component technologies enforce the syntactic conformance of a
component to an interface, they do nothing to enforce the semantic conformance.
This means that a component claiming to be a stack, for example, will be accepted as
a stack so long as it exports methods with the required signatures. However, there is
no guarantee that the methods do what they claim to do. Built in tests offer afeasible
and practical approach for validating the semantics of components.

«Component»
system
«Component» | «acquires» «Component» | «acquires» «Component»
) deployed L
client explicit server
component
«presumes» «presumes»

«Component» «Component» «Component»
implicit server implicit server implicit server

Run-Time System

Figure 2: Deployment of a component into a system illustrated through a KobrA containment
tree.

The objective of built-in contract testing is to check that the environment of a
component does not deviate from that which it was developed to expect. The phi-
losophy behind built-in contract testing is that an upfront investment in verification
infrastructure pays off during reuse. This adds considerable value to the reuse para-
digm of component-based software development because a component can complain
if it is mounted into an unsuitable environment. The benefit of built-in verification
follows the principles which are common for all reuse methodologies: the additional
effort of building the test software directly into the component aongside the func-
tional software results in an increased return on investment depending to how often
such a component is reused. Thisin turn is determined by how easily the component
may be reused. Built-in contract checking greatly simplifies the effort involved in
reusing a component.



3.1 Tester Components

Rather than associate a test with a single method, it is more in the spirit of compo-
nent technology to encapsulate it as a full tester component in its own right. The
tester component (the server tester in the dient in Figure 3) contains tests that check
the semantic compliance of the server that the client acquires. The tests inside the
client’s tester component represent the behaviour that the client expects from its
acquired server. We call a client that has test software built-in “testing component”
since it is able to test its associated servers. Tester components that are embedded in
testing components provide the optimal level of flexibility with respect to test weight
(at both the run-time and development time).

«Client» «Server»
Testing Component Tested Component

Functional Interface < : Functional Interface

Figure 3: Testing Component with an associated server tester component.

In general, the testing component (client) will contain one or more built-in con-
tract testers for checking its servers. These testers are separate components that in-
clude the test cases for implicitly or explicitly acquired components. Obvioudly, if the
run-time system is invariant, a component will not include any server testers for the
underlying platform. A client that acquires a server will typically exhibit a configura-
tion interface through which a particular server component may be set. This can be a
method such as setServer (Component Server) that assigns a particular component to
a component reference in the client. The setServer() method is typicaly invoked
when the system is configured and deployed. However, before the assignment is
established, the client will execute its built-in tester components to perform a full
semantic check on this new server. The tester executes a simulation on the services
of the newly acquired component and may raise an exception if the test fails. The
tests may be derived through any arbitrary test case generation technique such as
requirements-based, equivalence partitioning, boundary value analysis, or structural
testing criteria [5]. According to the applied testing criteria, it may represent an
adequate test-suite for the individual unit. The size of the built-in tester is also sub-
ject to efficiency considerations.

3.2 Testable Components

Component-based development is founded on the abstract data type paradigm with
the combination and encapsulation of data and functionality. State-transition testing



is therefore an essential part of component testing. This means that in order to check
whether an operation of a component is working correctly, the component must be
brought into an initial state before the test case is executed, and the final state of the
component as well as the returned values of the operation must be checked after the
test case has been applied (pre- and post-conditions). A test case for an abstract data
type is therefore always consisting of three parts. ensure pre-condition, execute
event, compare post condition with expected post condition. This presents a funda-
mental dilemma, however. The basic principles of encapsulation and information
hiding dictate that external clients of a component should not see implementation
and state variables. The test software outside the encapsulation boundary cannot
therefore set or get internal state information. Only a distinct history of operation
invocations on the functiona interface results in a distinct initial state required for
executing a test case. Since the tests are performed in order to verify the correctness
of the functional interface it is unwise to use this interface for supporting the testing
(i.e. setting and getting state information).

A testable component under the built-in contract testing paradigm is a component
that can be tested, which means it provides some in-built support for the execution of
atest by an externa client. The required support is provided in the form of a contract
testing interface (Figure 4).

(TESTABLE Component
Test Software -
set & get Functional Interface|
internal I _
states Testing Interface |
/

Figure 4: Testable component with an additional contract testing interface.

The basic idea in built-in contract testing is to enhance the normal functional in-
terface of a component with a testing interface which exposes the logical states of the
component, and makes them available for setting and checking. The logical states of
a component are its externally visible states that the user of the component must
know in order to use it properly. These states are part of the component’s specifica-
tion (this is the KobrA specification behavioural model), and they must not be con-
fused with the state model of a component’sinternal realization. In other words, they
are logica states associated with the data type abstraction rather than with an spe-
cific implementation. For example a gear box exhibits externally visible states, five
forward settings one reverse and one neutral, that are essential for operating the gear
box. Nevertheless, these externaly visible states are entirely different from the inter-
nal states of the gear box such as the setting of individual cog wheels, shift rods,
shafts, and satellite drives according to the external visible state, that is the gear
setting.



A testable component can also contain an introspection interface which provides
access to and information about the supported testing interfaces. This may be imple-
mented in form of a Java Interface that realizes a BIT testability contract. Thisis part
of the overall BIT methodology and detailed in [2].

A testable component contains a built-in contract testing interface which extends
the component’s normal functional interface with operations to support contract
testing. The most basic contract testing interface consists of state assertions realized
as operations that are invoked by atester to see whether the component isresiding in
adefined logical state. Thisis the most fundamental, and well known state checking
mechanism that is also explained in [6]. This technique is based on additional opera-
tions on abstract data types that implement the assertion checking code. For the gear
box example, this would map to additional Boolean operations that check whether
the box isin one of its logical states that represent the gears; for example isinGear X
(), with X representing each individual gear setting. State transition testing in this
case would comprise a test for each possible individual gear transition according to
the KobrA specification behavioural model. If this interface on assertion-checking-
basis is used, the initial state of atest’s pre condition can be set through the normal
functional interface (that is the one being tested), and the correctness of that initia
state can be verified through the assertion operations. If the assertion fails, the whole
test fails, otherwise the test event is invoked and the final state assessed through the
assertion operation.

The disadvantage of having only a state checking mechanism is that for some tests
quite a long history of operation invocations may be necessary in order to satisfy the
pre-conditions. This can be circumvented through additional state "set up" opera-
tions that can directly manipulate the state variables according to the logical states,
for example setToGear X (), with X representing each externally defined gear setting.
This may be simple and straightforward for many components such as the gear box
control system, but for some components substantial reimplementation of the com-
ponent’s functionality may be required. However, specific BIT libraries may alleviate
this effort as demonstrated in [2].

State checking and setting operations of the testing interface enable access to the
internal state variables of a component for contract testing by breaking the encapsu-
lation boundary in a well-defined manner, while leaving the actual tests outside the
encapsulation boundary. The clients of the component use the contract testing inter-
face in order to verify whether the component abides by its contract (contract test)
[3]. In this way, each individua client can apply its own test suite according to the
client’sintended use, or usage profile of the component.

4 Modeling and Design of Testing Artifacts

The advantage of a model driven architecture is that a system or component may be
described in an abstract form without having to decide how the component will be
implemented in a particular language. The models basically represent a complete
specification of what a component will be implementing (e.g. KobrA Specification),



and how (logically) it will be redlized (e.g. KobrA Realization). This concerns the
functionality of the component. The models also determine all items which must be
checked when the product is finally realized. A test model can therefore be derived
directly from the functional model of the component’s architecture. A component
and the testing of that component can consegquently be developed in parallel by using
exactly the same principles and processes.

4.1 Design and Development of a Testing Interface

The testing interface is responsible for setting preconditions, which are typically
digtinct initial states for particular tests, and checking the post conditions, which are
typically distinct final states plus some output after test execution. Pre and post
conditions for an event are defined in the functiona model and in the behavioural
model. Setting intial states and checking final states can be performed through auxil-
iary operationsin a component’ stesting interface, i.e.

void setToState (_BIT_State definedState);

bool isinState (_BIT_State definedState);

These two testing interface operations represent an alternative to the previously in-
troduced state checking and setting operations. Their advantage is that all contract
testing interfaces will have the same signatures, only the logical states and their
realization are variable. One goa of the Component+ project is the provision of a
generic library (currently implemented in Java) that supports the definition of the
contract testing interface artifacts, including the functional state model [2].

The testing operations setToSate() and islnSate() bring the component into a
well defined state, and check whether the component is in a well defined state ac-
cording to the externally visible state model. This model is part of the model driven
architecture. The testing interface is constant for any arbitrary component as part of
a testability contract whereas the state model and hence the states are different ac-
cording to the functionality of the component. Each state represents a number of
invariants that the component must abide to at a given point in time.

4.2 Design and Development of Testsand Tester Components

Since built in tests, by definition, are embedded within a component at run-time,
their size and speed is an important concern. If atest istoo small it may not provide
the required degree of confidence in the correctness of the tested server component.
On the other hand, if atest is too large, it may unduly increase the size or decrease
the execution speed of the test at run-time. The optimal test represents a balance
between these two requirements, and it is highly dependent on the context in which
the test is applied.

The magnitude of atest is characterized by its weight. At one logical extreme, the
heaviest form of test is one that performs a complete state-based test covering all
possible I/0 and state options. At the other logical extreme, the lightest possible form



of test is a test that does nothing. In between these two extremes, a full spectrum of
test weightsis conceivable.

_ «Client» «acquires» «Server»
Testing Component S Tested Component

Functional Interface <

Functional Interface

Testing Interface

; «acquires»
«acquires»

Heavyweight
Server Tester

Midweight Lightweight
Server Tester Server Tester

Figure 5: Configuration of the test weight in testing components.

The context sensitivity of the optima weight of a test creates a dilemma for the
reusability of components with built in tests. Since the optimal test is highly depend-
ent on the context in which the component will be used, tests constitute a point of
high variation. To make BIT components reusable, therefore, it is necessary to use
some form of mechanism available for handling variability. Most variation tech-
niques are applied at development time (e.g. inheritance, extension points, templates
and generation). At run-time, selection among the aternatives built into the executa-
ble component is achieved by the provision of a configuration interface. Thus, reus-
able built-in test components will incorporate one or more configuration methods to
select the weight of the built in tests at run-time. This may be implemented in the
same way as for normal functional variation where a client acquires a component
plus a suitable tester for that component. Such a configuration interface can be used
to attach and detach different contract tester components dynamically depending on
speed and size considerations of the deployed system. For example, run-time contract
tests within an embedded real-time system will have to consider speed and memory
limitations, so that a configured contract test will only acquire small and efficient
tester components, whereas the dynamic test configuration for highly dependent
systemsis likely to acquire heavier and more thorough tester components (Figure 5).

5 Development of Testable and Testing Components

The basis of afunctional contract test suite that will be used for deployment testing is
the state-transition table derived from the KobrA specification state model. This



defines a minimal set of tests for state transition-testing. Each line in the transition
table represents a test for each state-transition from the externally visible state
model. This test set represents full transition coverage of the model. Table 1 shows
the state transition table for the previously used gear box control interface. The table
contains every possible externally visible state transition of the considered compo-
nent. Its state model is defined through the states Neutral, Gear1 to Gear5 and Re-
ver se representing each feasible gear box setting respectively.

initial pre-conditon event final state
State

1 Neutral [momentum < toReverse () Reverse
ReverseMomentum)]

2 Reverse toNeutral () Neutral

3 Neutral [momentum < toGearl () Gearl
GearIMomentum]

4 Gearl toNeutral () Neutral

5 Neutral [momentum < toGear2 () Gear2
Gear2Momentum]

6 Gear2 toNeutral () Neutral

7 Neutral [momentum < toGear3 () Gear3
Gear3Momentum]

8 Gear3 toNeutral () Neutral

9 Neutral [momentum toGear4 () Geard

< Gear4Momentum]

10 Geard toNeutral () Neutral

11 Neutral [momentum < toGear5 () Gear5
Gear5Momentum]

12 Gears toNeutral () Neutral

Table 1: State-transition table of a gear box control unit.

The state transition table contains sufficient information for deriving the testing
interface for atestable gear box control component. This comprises the states that are
defined through the state model plus the state setting and getting operations. Figure
6 displays a UML-like representation of a testable gear box realized in the two previ-
ously mentioned alternative ways. In this case, the testing interface extends the nor-
mal functional component with state testing infrastructure. Each defined state (Gearl
to 5, Neutral, and Reverse) is mapped to functionality that can bring the component
into this state or answer whether the component isresiding in a particul ar state.



A contract tester component for specification-based testing (GearBoxControl
Tester, Figure 6) can be derived from the state table by using the corresponding in-
terface operations and the test cases (eventsintable 1).

«Component»
Testable
| GearBoxControl1 |
«state checking»
isinNeutral ()
isinGearl ()
isinGear2 ()
isinGear3 ()
isinGear4 ()
isinGear5 ()
«state set up»
setToNeutral ()
setToGearl ()

«Component» «acquires» setTotoGear2 ()
GearBoxControl il > setToGear3 () G::??Brgggr;zr::gl
Client setToGear4 ()

setToGear5 ()

toNeutral ()

«vacqwres» xXOm» [ toGeart ()
toGear2 ()
«Component» «acquires» p- «Component» toGear3 ()
GearBoxControl Testable toGear4 ()
Tester GearBoxControl 2 toGear5 ()
«states»
sNeutral
sGearl
sGear2
sGear3
sGear4

sGear5

«state set up & check»
setToState ()
isinState ()

Figure 6: Contract testing artifacts for a gear box control unit.TestableGearBoxControl1/2
represent alternative realizations of the contract testing state set up and checking mechanisms.

The contract tester component can be seen as a particular test driver for a particu-
lar test criterion. In this case the test criterion is state transition coverage. This corre-
sponds to the functional tests that a client of the gear box control component may
perform when an application is assembled and put together. Another tester compo-
nent may contain additional test cases for other testing criteria (e.g. equivalence
partitioning). This may be generated in the same way as for the functional model.

Contract testing is particularly aimed at deployment time testing in application
engineering. If during reconfiguration of the application, a new implementation of
the testableGearBoxControl unit replaces the current one, its client’s setServer op-
eration invokes the built-in GearBoxControl Tester automatically and verifies the
semantic compliance of the new server to the existing clientship contract. This
mechanism realizes automatic integration testing.

The fact that the testers are organized in components facilitates their reuse for dif-
ferent clientship contracts. If a 6-gear system is required, the orginal tester can sim-
ply be extended to accommodate the addional tests. If only a 4-gear system is devel-
oped, the number of testsin the orginia tester can simply be reduced.



6 Conclusions

This paper has described an approach for enriching components with the capability
to verify their run-time integrity, in situ, by means of built-in tests. The idea of build-
ing test into components is not new. However, previous goproaches such as [8] have
adopted a hardware analogy in which components have self-test functionality that
can be invoked at run-time to ensure that they have not degraded. Since software, by
definition, cannot degrade, the portion of a self-test which rechecks aready verified
code is redundant, and simply consumes time and space resources. The approach
described in this paper augments the earlier work by focusing built-in test software
on the aspects of a component's capabilities which are sensitive to change at run-time
- namely the environment which provides the services used by the component. This
new emphasisis characterized as built-in contract testing.

Built-in contract testing provides an architecture and a methodology that is par-
ticularly well suited for highly dynamic and distributed systems, such as Internet
applications, and systems with dynamic reconfiguration. Since these are the applica-
tions primarily targeted by modern component technologies, built-in contract testing
represents a natural extension to component-based software engineering practices.
The work is currently oriented towards reconfigurable information systems for which
the overhead of run-time tests does not particularly affect efficiency considerations.
Extending the technology to real-time and embedded systems still presents some
challenges for future research in terms of how much in-built testing such systems
may bear.

We believe this methodology represents a contribution towards the practical appli-
cability of component technology and component-based development practice. We
have consequently integrated built-in contract testing with a general-purpose model -
driven approach to component-based development, known as the KobrA method [1],
that promotes the early design of tests along with functional artifacts. By extending
the component paradigm with effective in-situ verification techniques and processes,
built in test technology brings the vision of component-based development one step
closer to realization.
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