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Abstract. In this paper, a framework to support the development of
collaborative components is presented. The role of a collaborative com-
ponent is to support the inter-working among components through their
interfaces. By focusing on the behaviors of the collaborative components,
the interaction between components can be independently verified and
validated. The proposed framework includes: (1) the structural and archi-
tecture models of collaborative components; (2) the choreography mod-
els to specify the behaviors of the collaborative components; and (3) the
orchestration models to specify the behaviors of component types that
participate in the inter-working. The orchestration models are created by
model transformations from the architecture and choreography models.
The created components are placed in the repository so that they can
be re-used and composed together.
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1 Introduction

Components are commonly defined as reusable and composable software units
having specified functionalities (i.e., local behaviors) and interfaces. Component
composition is a process to build complex components from simpler or existing
ones [II7]. On one hand, new components can be rapidly developed by composing
existing components together, and thus reducing the development costs. On the
other hand, however, there are also many challenges which have not completely
dealt with, for example, how to efficiently define and specify component inter-
faces so that components can be connected and deployed together, or how to
specify the interactive and dependent behaviors of composite components [3/4].

We consider components which are collaborative and aiming to establish some
desired goals among collaborating entities. Thus, the role of a collaborative com-
ponent is to support the inter-working among components through their inter-
faces (also called semantic interfaces of components [2]). By focusing on the
behaviors of the collaborative components, the interaction interfaces between
components can be independently verified and validated. Once the interfaces
of components are completed, the remaining work is to ensure that the local
functionalities comply with the designed interfaces.
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There works in the literature uses scenario-based approach using formalism
such as Use Case Maps (UCM) describe system behavior consisting of large num-
ber of collaborating components. However, the problem with such approaches, as
identified in [10], is that UCM do not have well-defined semantics for component
interface specifications. Some approaches specify interactions and composition of
components at the level of programming languages [12], however in this paper,
we focus on high-level mechanisms with model-driven approach.

We specify the contracts, similar to conceptual contracts in [I1], that specify
essential aspects of integrating components. We present a framework to support
the development of collaborative components by tackling two challenges: (1) how
to model and design collaborative components in such a way they can be easily
analyzed and re-used; and (2) how to support the compositions of existing com-
ponents to create new components taking into account the dependent behavior
among components.

The rest of the paper is as following. Section [2] discusses the overview of our
collaboration component development framework. Section [B] addresses the issues
of composition pattern to support the composition of components. Section [
concludes the paper.

2 Collaborative Component Development Framework

Figure [l shows the overview of the framework. The proposed framework includes
two main layers: design layer and repository layer. The design layer includes:
(1) the structural and architecture models of collaborative components; (2) the
choreography models to specify the behaviors of the collaborative components;
and (3) the orchestration models to specify the behaviors of component types
that participate in the inter-working. The orchestration models are created by
model transformations from the architecture and choreography models. The cre-
ated components are placed in the repository layer so that they can be re-used
and composed together.

The detail of each model and layer of the framework is discussed in the fol-
lowing sub-sections.

2.1 Component Structure and Architecture

We categories two types of components: elementary and composite components.
Elementary components are the one which can not be decomposed further and
composite components are composed from elementary components. UML collab-
oration composite structure are used to specify the structural (i.e., component
roles and interactions) of elementary components and the architecture of com-
posite components (i.e., how elementary component roles are combined together
into composite roles), respectively. For example, Figure2(a) shows an example of
a LocationService component in which an elementary user role interacts with an
elementary server role. When existing components (which can be either elemen-
tary or composite ones) are composed to form a new composite component, role
of these components are bound to composite roles in the composite component.
For example, in Figure [ the roles roleA and roleC are bound to role CroleA.
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Fig. 1. Collaborative component development framework

2.2 Behavior Models of Collaborative Components

Choreography model describes the behavior of a collaborative component, i.e.,
how different component participants interact with each other [9,?]. In the case
of elementary components, behavior models specify the interaction among par-
ticipating roles in a component. Figure 2(b) illustrates the behaviors of the
LocationService collaborative component.

An component can have all the different types of pins that UML allows, such
as initiating, streaming and terminating pins. An initiating pin will start the
component if it is not started yet. Terminating pins will terminate the called
component. Streaming pins can pass tokens while the called component is active,
i.e. a flow connected by streaming pins allows the called components to interact
without being stopped.

In this particular example, the user part will take the initial role (i.e., denoted
by a filled-circle) and the server part is the terminating role (i.e., denoted by
a filled-square). The user periodically reads the geographic coordinate of the
location of the user and sends to the server. This location information then can be
forwarded to other components. The activities of LocationService component is
ended when the server receives signal (via streaming pin stop). It is important to
note that this behavior of the collaborative component is fully specified, however,
it may not be composable due to the lack of connection points (explained later).

In the case of a composite component, global behavior is described by con-
necting (sub-) components together thereby specifying ordering and causality
among them. In order to simplify the view of global collaborative behavior, an
abstract representation of collaborative component will be used (as shown in
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Figure [I). We have used choreography models with two different levels of de-
tails: flow-global choreography model and flow-localized model [9].

Flow-global choreography is used to define the intended collaborative behav-
ior of composite collaborations on a high level of abstraction avoiding details of
localization and resolution of coordination problems. The behavior is defined by
an activity diagram connecting actions by flows (see Figure fl(a) for an exam-
ple of flow-global in which the LocationService component is composed with the
InforService component). From the flow-global choreography, by model transfor-
mation, a flow-localized choreography will be generated [9]. The flow-localized
is used to refine the collaborative behavior in sufficient detail to allow exten-
sive analysis and to automatically synthesize the behavior of component types
providing orchestration (explained in Section 23]).
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Fig. 2. Behavior of LocationService collaborative component

2.3 Orchestration Models to Specify the Behavior of Local
Functionalities

From the global collaborative behavior models, one can synthesize component
models, also called orchestration model [89]. Orchestration models describe local
behavior (i.e., functionalities) of a component including the information about
the collaborative components it participates in and their ordering. An orches-
trator may have well defined interfaces and internal behavior. Orchestration
models are created by model transformation mechanisms which are based on
both collaboration architecture and choreography models. The architecture of
components specify which roles (elementary or composite roles) should be placed
within a component scope. While the choreography model instructs how should
local components (e.g., related to user part) be connected together.

In Figure [Il the architecture specifies that the elementary role roleA and
the composite role roleC will be placed in one component type. Information
about the collaborations it participates in and the ordering imposed by external
collaborative activities are retained in order to support automatic realization as
well as compatibility checks during subsequent composition of components into
working systems, detailed algorithm is given in [8lJ6].
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3 Composition Pattern of Components

Components can be put into the library and composed later in order to make a
complete system. Composition of components together is done by means of pins
and collaborations as interfaces. However, in order to deal with the dependent
behavior among components (either collaborative or non-collaborative compo-
nents), collaborative components may need to be modified, for example, telling
other components that the component has been initiated, started or ended.

In Figure [ the InformationService will start when the location of the user
is identified by the LocationService. This interactive behavior can be captured
and specified by the choreography model. However, at orchestration level, this
dependency property between User LocationService and User InforService com-
ponents (which are composed within the scope of the User component) cannot
be implemented. We have identified the following three possibilities:

— If a component is playing a initiating role in a collaboration, then it will
retain Initiate pin indicating that it will start a component. In this case,
a component may not have pins indicating when a component ends, for
example user component in the LocationService component.

— If a component is playing a terminating role in a collaboration, then it will
retain Ended pin indicating that component is terminated. In this case, a
component may not have pin indicating when a component has been initi-
ated, for example a server component in the LocationService component.

— If a component is playing participating role i.e., neither starting nor termi-
nating, then component will not have any pins indicating start and end of a
component.

In order to address these issues, we made adjustments by adding additional
pins: Initiate to indicate that it starts a component, Started indicating that
component has been started, and Ended indicating that component behavior
terminated (see Figure [Zk). The main novelty of this composition pattern is
that, the pre-designed functional behavior of the collaborative component is
unchanged with the additional coordination added in an enclosing activity in-
dicated by dashed flows in Figure Bl Adjustments to the original behavior are
done as following (and illustrated in Figure [3):

— In the initiating component type, add a fork after the Initiate pin and send
signal indicating that all collaborative components have been initiated.

— In the terminating component type, add a fork before the Ended pin and send
signal indicating that all collaborative components have been terminated.

— In the participating component type, capture the signal from other roles to
indicate when it starts and when it ends.

Once we have the information about a component for example when it starts
and when it ends, we can connect the components together by connecting these
pins along the implied flow/ordering from choreography models. For example,
Figure [l shows the composition of inner-components in a User component. The
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Fig. 3. Detailed design of LocationService collaborative component

user component plays roles in LocationService and InforService. Their ordering
is such that once the LocationService component updates a position information
then InforService component can be started, i.e., to be ready to receive informa-
tion from the server components. Note that there is some implied concurrency
between them due to the streaming pin. This means the user component of lo-
cation service and user component of the information service may overlap. This
is specified by a flow connecting Started pin of User LocationService to Initiate
pin of User InfoService in Figure @(b).
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Fig. 4. Global component composition view (a) and Local composition of user com-
posite components (b)

4 Concluding Remarks

A collaboration based framework to support the development of collaborative
components is proposed. Structural and architectural model can be specified us-
ing UML collaboration structure and corresponding collaborative behavior, i.e.
interaction among the participating components, is specified using UML activ-
ity diagrams. Elementary components can automatically be synthesized from
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choreography and orchestration models and put into a repository. Such com-
ponents can later be reused and composed in making a complete system. We
also discuss a general composition pattern which will be applied to modify the
behavior of existing components which might not be composable due to lacking
of connectivity points. In addition, the composition pattern can also capture
both the sequential composition (i.e., via Ended pin) and parallel composition
of components (i.e., via Started streaming pin).

Future work includes: (1) integrating the service-oriented architecture (SOA)
paradigm into the structural and architecture of components in the framework
so that existing components in the library, which are matched with the user
requirements, can be quickly retrieved to be composed; (2) considering addi-
tional dependencies of components when they are composed (e.g., suspended or
resumed); and (3) verifying and validating the semantic interfaces of composite
components.
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