condition \ semantics

property comparison of a property of a resource with a literal using
a comparison operator

relationship | establishes whether a relationship exists between resources
mustExist true if the referenced resource exists

Table 1: Basic contract condition types

3 Contract Lifecycle and Verification

The sample contract is still abstract since it references resources (the resources
of the supplier) that are not yet known at the time the contract is written. The
supplier is only known later at runtime when late binding occurs. Only then the
contract can be instantiated. Contract instantiation is the creation of a deep
copy of the contract, and the instantiation of all resource proxies in this copy.
A resource proxy is a resource that has a ref attribute but no name attribute.
The ref attribute is a reference to the components meta-data. The Treaty
framework contains an interface ResourceManager that is used to resolve those
proxies. The details of resolving are component-model specific. In the Eclipse-
based implementation of Treaty, the ref values are XPath expressions and the
ResourceManager uses them to query the plugin meta-data (plugin.xml). In
an implementation of Treaty for pure OSGi the attribute values could just be
simple strings representing keys of properties defined in the bundle manifests.

Once an instantiated contract exists, verification can be performed. This is
the checking of conditions according to their semantics. When complex con-
ditions are present, this is usually done using a top-down strategy. This is
a simple process: once all resources are instantiated, contracts are essentially
statements of classical propositional logic. The question is how the basic con-
ditions are checked. This requires the resources to be loaded. For instance, to
check properties of a resource of the type AbstractType, the respective class
must be loaded so that it can be analysed using the Java reflection framework.
This is done with a ResourceLoader. Again, on the framework level this is an
interface that must be implemented when adapting Treaty for a particular com-
ponent model. In case of Eclipse, the loader uses the OSGi bundle classloader
to load resources.

4 Contract Vocabularies

Contracts reference types and properties. Both can be formally defined in a for-
mal ontology language, but this alone does not define their semantics [Usc01].
For instance, the semantics of the (Java) implements predicate (figure 1, line
33) is the set of pairs of concrete Java classes C and Java interfaces | such
that C implements I. In other terms, the semantics can be defined by a func-
tion that takes two resources C and | and can compute a boolean indicating
whether (C;1) € implements is the case or not. This particular function is
easy to provide: if C and | can be loaded and are available as instances of
java.lang.Class, the method isAssignableFrom can be used to check this
condition. In a similar manner, a validating XML parser can be used to check
the instantiates property associating XML instances and XML schemas.



A possible solution to this problem is to define a fixed type system that
contains a set of commonly used resource types, and implements some classes
that represent the semantics of their properties and relationships. However,
there might be very project-specific types and relationships to be used in con-
tracts. Consider a scenario where a company has a product with a reporting
extension point. This offers customers the option to plug-in their own reporting
templates with customised layouts and data aggregation. The resource type to
be provided by these components could be VelocityTemplate[Vel]. Or even
better, a project-specific MyReportTemplate type that represents velocity tem-
plates that use only a fixed set of variables which the host component can bind.
Then the component itself would make contributions to the contract vocabulary
in order to enable verification. There is a clear business use case for this: it
safeguards the company against faulty third party plugins which would result
in customers blaming the company for the malfunctioning of their software.

Therefore, the vocabulary should be kept open and extensible. This can
be achieved by using the component model itself to build modular contract
vocabularies. Each vocabulary component must provide the following:

1. A list of defined types (URIs) contributed by the component.
2. A list of defined properties (URIs) contributed by the component.
3. A list of defined relationships (URIs) contributed by the component.

4. A method to load a resource given a reference and a resource type. For
instance, this method is used to load resources of the type Java class
defined by an attribute in plugin.xml as Java classes using the plugin’s
class loader.

5. A method that can be used to check the properties and relationships
contributed by the component.

In the Treaty implementation for Eclipse, this functionality is defined through
the extension point net.java.treaty.eclipse.vocabulary. To extend this
extension point, plugins must implement an interface that has the methods to
load resources and check conditions, and have to provide an OWL resource that
defines the vocabulary extensions. Treaty merges the ontology contributions
into a central merged ontology. This ontology contains all contributed types,
properties and relationships, plus annotation indicating which component con-
tributed the respective artefacts.

The reporting template example shows the benefits of using formal ontolo-
gies. For instance, assume that the reporting template type MyReportTemplate
subclasses VelocityTemplate, and that the contract requires only the existence
of a reporting template. Because of the semantics of rdfs:subClass0f the veri-
fier could than first check whether the resource is of the type VelocityTemplate
by using the Velocity parser. If this fails, the resource cannot be an instance of
MyReportTemplate either. That is, the formal semantics of OWL can be used
to optimise verification.

For this reason, in the proof of concept implementation all components mak-
ing vocabulary contributions have access to a central singleton Vocabulary that
maintains the virtual merged ontology. This allows them to use ontology rea-
soning when checking contributed properties and relationships. The ontology
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can be accessed as unparsed stream or as java object representing the parsed
ontology.

5 Unit Testing at Runtime

The example contract (figure 1) uses the verifies property to express min-
imum requirements with respect to functionality and performance for classes
implementing the DateFormatter interface. This relationship is based on JU-
nit, that is, the test resources are JUnit 4 test cases, and their semantics is
defined by means of a JUnit test runner. JUnit test cases are defined in the
same component that defines the date formatter interface. These tests check
whether date formatter implementations can convert dates in less than 10ms,
and whether the generated strings contain at least tokens representing date,
month and year.

Unit testing is particularly useful here as it stands in the tradition of design
by contract - describing the semantics of methods through a description of the
state changing effects of the methods expressed by pre- and post conditions. The
main weakness of unit testing when compared to other verification methods is
that verification is based on selected specimen objects. Tests are not sufficient
to prove or ensure correctness, they can only be used to approximate it. The
main advantage of unit tests is that they are widely acceptance by programmers.
Also, it is easy to assess the degree of approximation (coverage metrics), and
there are well-established development processes to improve test cases when it
is necessary to improve the approximation.

Unfortunately, JUnit has been built for design and build time verification.
As a consequence of this it is assumed that the classes to be tested are known
when the test cases are written and can be directly referenced by test cases. On
the other hand, our approach supports late binding at composition time, that
is, test cases can only reference abstract types and the actual objects have to be
injected if the respective classes become available at runtime. Therefore, JUnit
needs to be modified to fit into Treaty. More precisely, support for dependency
injection mechanism must be added to JUnit. This is achieved by designing
test cases that have constructors with parameters that can be used to inject
the tested objects before the test case life cycle starts, and a special test runner
that can instantiate test cases using this constructor. Such a test runner is part
of the Treaty component that makes the JUnit vocabulary contributions.

6 The Bigger Picture - Adding Contracts to Com-
ponent Models

Treaty is implemented in Java and provides support for contract definition and
verification for the Java-based Eclipse component model. However, Treaty is
largely independent of the underlying component model and could also be used
to describe contracts in other component models even if they are not Java-based.
Treaty itself can be seen as a combination of three separate subsystems:

1. The Contract Definition Language (CDL), a formal language used to de-
fine contracts in a platform-independent manner. In this paper we have

100



proposed to use XML (constraint by the treaty.xsd schema) for this pur-
pose.

2. The Contract Execution Environment (CEE), a system that reads con-
tracts defined in the CDL and can instantiate and verify the contracts
against components of a host component model. The CEE proposed here
is implemented in Java and consists of two parts - an abstract contract
framework and an implementation of the abstract concepts in the frame-
work for the OSGi/Eclipse component model.

3. The Contract Vocabulary (CV), an ontology that defines the types and
properties that are used in contracts.

The CEE must reference the CM to instantiate resource references using the
reflective features of the CM (such as access to meta-data). It also uses the
CM to load resources needed to verify constraints. Finally, the CEE provides
the semantics for the (data and object) properties used in the vocabulary. The
CEE has access to the merged ontology and can use it for ontology reasoning.

Our Eclipse-based implementation adds two more relationships: both the
CV and the CEE take advantage of the CM to define both the vocabulary and
the parts of the CEE providing the semantics for the vocabulary in a modular
fashion.

7 Discussion

We have presented Treaty, a component framework that supports the easy defi-
nition of complex and polymorphic contracts. Our main contribution is the con-
tract language, and the modular design of the contract vocabulary. We believe
that using such a language adds value to environments that use late binding,
such as ubiquitous or mobile computing applications where new components are
discovered and integrated at runtime. The types of requirements that need to
be expressed in environments like this are somehow unpredictable. We therefore
think that using any fixed contract language is not appropriate. Instead, what
is needed in an extensible contract language based on a platform-independent
description of resource types and their relationships. This allows components
to plugin vocabulary extensions that can then be used by verification tools.

Treaty is still rather simple, and simplicity was one of the major design goals
when designing Treaty. One reason for this is of course the fact that much of the
work is delegated to the vocabulary contributions. However, in many cases it is
rather easy to write these contributions, and the level of reuse for vocabulary
elements would be much higher than the level of reuse of the actual application
components. The main advantage is that such an open framework supports a
consistent representation of different contract types by using a common meta-
model (OWL). To the best of our knowledge, no existing (academic or industrial)
component models or architectural description language achieves this.

In the prototype we have presented, verification is used as a central service
that checks the integrity of the entire system. It might be more useful in many
circumstances to check only contracts between certain components, for instance
in response to lifecycle events such as component activation. An interesting issue
is whether contracts should be attached to components consuming resources (as
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we have done this), to components providing resources or should be detached
from either (“contracts as entities in the middle”, as proposed in [Szy00]. On the
framework level, Treaty does support contracts on both sides and in the middle,
and the aggregation of multiple contracts. The proof of concept implementation
based on Eclipse however only support contracts on the consumer side at the
moment.

References

[BJPW99] Antoine Beugnard, Jean-Marc Jézéquel, Noél Plouzeau, and
Damien Watkins. Making components contract aware. Computer,
32(7):38-45, 1999.

[DHGO7]  Jens Dietrich, John Hosking, and Jonathan Giles. A Formal Con-
tract Language for Plugin-based Software Engineering. In Pro-
ceedings of the 12th IEEFE International Conference on Engineer-
ing Complex Computer Systems (ICECCS 2007), pages 175-184,
Washington, DC, 2007. IEEE Computer Society.

[Ec]] Eclipse. http://www.eclipse.org.

[HPSBT04] Ian Horrocks, Peter F. Patel-Schneider, Harold Boley, Said Tabet,
Benjamin Grosof, and Mike Dean. SWRL: A Semantic Web Rule
Language Combining OWL and RuleML. W3C member submis-
sion, W3C, May 2004. http://www.w3.org/Submission/SWRL/.

[KC04] Graham Klyne and Jeremy J. Carroll. Resource Description Frame-
work (RDF): Concepts and Abstract Syntax. W3C recommenda-
tion, W3C, February 2004. http://www.w3.org/TR/2004/REC-
rdf-concepts-20040210/ .

[Mey92] Bertrand Meyer. Applying ”Design by Contract”. Computer,
25(10):40-51, 1992.

[MvHO04]  Deborah L. McGuinness and Frank van Harmelen. OWL Web Oun-
tology Language Overview. W3C recommendation, W3C, February
2004. http://www.w3.org/TR/2004/REC-owl-features-20040210/.

[OSG] The OSGi Alliance. http://www.osgi.org.

[Szy00] Clemens Szyperski. Components and contracts. Dr Dobbs, May
2000. http://www.ddj.com/architect/184414613.

[Usc01] Michael Uschold. Where is the Semantics in the Semantic Web? In
Workshop on Ontologies in Agent Systems, Montreal Canada, May
2001.

[Vel] The Apache Velocity Project. http://velocity.apache.org/.

102





