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Abstract

Component support has actually been enhanced
with version 2.0 of the Unified Modeling Language
and component appears as the best reusable unit of
software, whereas more and more pre-built compo-
nents are made available. However, reuse of compo-
nents to build system remains a difficult task. Compo-
nents are mostly identified in the late phases of the
system development cycle without considering the end-
users’ requirements specified in the early phases. The
effort required to develop or re-use components which
satisfy the requirements is still significant, so that a lot
of developers generally prefer to develop a system
from scratch, while being largely influenced by techno-
logical concerns.

This article presents a Model-Driven Engineering
method based on the early identification of business
components. Setting up the component identification
during use case modeling, transforming requirements
into logical components, enriches analysis using UML
diagrams. Business archetype concept and component
paradigm are jointly used to structure the component-
based process. This innovative method demonstrates
that 1) components must be identified right from the
use case model at the requirement stage of the devel-
opment cycle and 2) a mechanism must be set up to
ensure their traceability along the next stages. Build-
ing Platform Independent Models from the use case
model, using a set of four Business Archetypes, main-
tains the consistency between components and re-
quirements, ensures their traceability and facilitates
their transformation into Platform-Specific Models,
and then into code. In the whole, the proposed method
should bring another significant progress to Model-
Driven Engineering.
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1. Introduction

The component idea is today omnipresent in soft-
ware engineering mainly for development concerns.
Support of component during analysis has been en-
hanced with version 2 of the Unified Modeling Lan-
guage (UML) [25] but its use is not guided by a clear
method. Component appears as the best reusable unit
of software, whereas more and more pre-built binary
components are made available. Component-Based
Development (CBD) [6] has lately been extended to
integrate the concepts of service and of Service-
Oriented Architecture and then to allow a wide ex-
change of pre-built off-the-shelf components. In the
mean time, Model-Driven Engineering (MDE), follow-
ing the Model-Driven Architecture (MDA) specified
by the Object Management Group (OMG), makes
modeling an activity of software production instead of
documentation. MDE clearly separates the business
models independent of any technology from the system
models dependent of them. Both CBD and MDE fol-
low a convergent way, since MDE needs CBD to fa-
cilitate reusability during Platform Independent Model
(PIM) building, whereas CBD needs MDE to facilitate
the interoperability between technological platforms.
However CBD and MDE are today not well integrated,
so that reuse of components to build a system remains
a difficult task. Moreover, decomposing a system into
really reusable components is still non-trivial.

The main idea presented in this paper is the design
of a system with a better integration of the component
paradigm and model driven mechanism in a Unified
Process-like [2] approach. We will particularly demon-
strate that, because of this lack of integration, the
traceability between requirements and components
designed during deployment task is far from obvious in
current software development processes.

In this paper, we propose to enrich the UML nota-
tion with the logical component concept by extending
its meta-model and we describe the method to ensure
traceability. The extension mainly consists in adding



the logical component and business archetype concepts
[23]. Thus, it allows to map business processes as de-
scribed by the use cases with logical components of the
analysis model. We finally discuss the benefits of our
approach, according to our current works. A simple
case study, the “hotel room management” system illus-
trates our proposal.

2. The component dimension in current
engineering processes

Based on the use case model, the analysis task con-
sists in finding and defining system entities. Design
and implementation tasks deal with technological con-
cerns (see Figure 1). The use case approach allows to
specify user requirements and to provide an artefact
that is understood by each stakeholder. Nowadays,
software engineers master analysis of information sys-
tems by applying approaches like the Unified Process
(UP) [2]. The UML [1] is commonly used to build
most of the models. Each model corresponds to a view
on the whole system specifications, which is the re-
sponsibility of a particular competency [3]. However,
working with engineers on actual projects in insurance,
health care and banking companies, we observed that
there is no structural guide to map use cases with de-
ployable components. Moreover, designers and devel-
opers are guided by technology concerns, and therefore
often change decisions previously made by business
analysts about final users’ requirements. Different
stakeholders in a project team guided by a current en-
gineering process build several distinct models using
UML. Each stakeholder has his own knowledge and
responsibilities. Thus, existing tools provide an appro-
priate view of the system according to stakeholders’
different concerns.

The use case model contains the system require-
ments grouped in coarse-grained functions, i.e. the use
cases. Sets of scenarios detail use cases. Dynamic
UML sequence diagrams realize use cases and model
each scenario of use. A sequence diagram shows inter-
actions between architecture elements to process and
realize requirements. Static UML class diagrams, an
artefact of the analysis task, define the types of the
architecture elements and their relationships. Package
diagrams regroup classes to reduce system complexity
and dependencies. The design model is the transforma-
tion of the analysis model taking into account techno-
logical concerns, applying design patterns, proposing
new decomposition depending on these new concerns,
and so on. A main goal of the design task is to discover
UML deployment components and model them in a
component diagram. This diagram is a representation
of the binary components coded during the develop-

ment task. Then, deployed components are tested to
finally check that all requirements have been realized.

The goal of this simplified description of a UP-like
process is not to be exhaustive but to demonstrate that
traceability between each of these models is not im-
plicitly supported and therefore not guaranteed. Differ-
ent models provide mismatched system
decompositions. Use case model and sequence dia-
grams are organized by use cases. In analysis classes
diagram, software engineers take care of object-
oriented concerns, and of technological interests in
design model and component diagrams. Testers come
back to the use case paradigm to check that require-
ments have been completed. An experienced architect
or a competent project team leader is the only one with
a global perspective of the work. He is responsible to
check the consistency between several views, using a
matrix mechanism linking requirements with architec-
ture elements of all views. This reduces quality and
readability of the system.

Since the technological targets are component
based, we claim that component must be the master
piece of software and be present all along the devel-
opment process. According to these issues and context,
we list, in the next section, the fundamental features to
be identified in a component-based system. The con-
cept of component first appeared in research on mid-
dleware [8] [9] to deploy part of software that can be
reused in another technological context. Interoperabil-
ity was the initial purpose of component research.
Some formalisms and notations have been elaborated
to describe component-based systems. However, de-
sign approaches did not appear immediately. Thus,
engineers adapted object oriented methods to deal with
finding and defining system components. Currently,
there exist component-based approaches [4] [6]. They
are an adaptation of the UP [2]. Generally, they use
and adapt UML and apply common development life
cycle that drives developers from use cases to UML
deployment and component diagrams. However these
models remain relatively independent. Finally, these
approaches do not cover a complete MDA process and
do not obtain its benefits. UML2 only enriches the
class concept with some component concepts like Pro-
vided interfaces that represent and categorize opera-
tions or services provided by a component and Re-
quired interfaces that represent operations and services
requested by a component to successfully complete its
functions.

The aim of a component-based method is to define
the component boundaries, their interfaces and finally
their connections to realize all the user requirements.
According to these features, we claim that UML dia-
grams must be enriched with the concept of logical
component. In the next part, we present in an iterative



way, our method to implement this proposal. We dem-
onstrate that it should be the best unit of software at a
conceptual level.

3. Method to transform requirements into
logical components

The Information System (IS) engineering major is-
sue is to define the best way to decompose a system,
and thus to reduce and to manage its growing complex-
ity. As the complexity of IS due to the large business
domains and to the mismatched decompositions de-
pending on the different views in the project life cycle,
component based processes require a huge effort to
maintain traceability. Logical component concept aims
to reduce this effort by partitioning system models and
by explicitly representing dependencies between its
parts. Our proposal is to add the logical component
concept in each view, by encapsulating a group of view
constituents, as a membrane. Since each view ad-
dresses a specific concern, constituents are of different
types, and their traceability is difficult to maintain. As
the logical component semantic is the same in the dif-
ferent views, a logical component acts as a pivot to
support traceability and should not be transformed.

Figure 1 is the use case diagram of our case study
“Hotel room management”. The system allows to re-
serve rooms, to check-in, and check-out. The account-
ancy concerns are processed. When a customer leaves
the hotel and checks out, he pays to an employee who
validates the payment.
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Figure 1 - Use case diagram of the "Hotel room
management" system

We named our proposal CUP as Component Unified
Process [24] because, it adapts the Unified Process by
extending it with the logical component concept. We
propose to split the system model in four views. The
different views of our process are presented with ex-

amples from the case study. The CUP meta-model of
the method links these four views. Any constituent
depends on each other. The four views are the frame-
work of the method and structure its presentation.

One of the first activities in a design process is the
identification and the specification of the system func-
tions. The habits are to use a UML use case diagram to
do this. Anyone can understand this diagram, without
any technical knowledge. It plays the role of a bound-
ary object between each stakeholder. CUP introduces
in the use case view the concept of logical component.
It is an innovation because it allows an early identifica-
tion of the component of the system. Component de-
sign view is a white box view representing the internal
static structure of the logical component, its provided
and required interfaces. The interaction view shows
dynamically the interactions between each internal
object of a component. This view is close of a UML
sequence diagram. Moreover, CUP introduces external
object interactions which specify that an object inside a
component needs a service outside of it. This view
specifies the dynamic of a component in an independ-
ent way. It shows interactions between parts and
through interfaces of a component to complete use-
case scenarios. The whole system is represented in the
assembly view as an assembly of connected logical
components. This black box view only shows provided
and required interfaces. It does not consider their reali-
zation.

CUP is an iterative process. Thus, we present two
iterations. The first one proposes a straight application
of the method. It is a quasi-systematic way to proceed.
The resulting model consists in decomposing the sys-
tem into primitive logical components. The second
iteration enriches the first one by detailing the features.
It proposes a simple mechanism to support analysis.
The system is represented by composite logical com-
ponents which are a merge of the primitive ones.

3.1 Primitive logical components design
Use case view

A logical component is a membrane, which contains
a subset of model elements. Requirements are modeled
by a set of use cases. Our proposal is to identify logical
components when building use cases. With the use
case view of the system, we first propose to encapsu-
late each use case in a logical component. In that sense,
a use case will be realized by elements enclosed within
this logical component in each view of the system. We
name this concept a Primitive component.

Component design view



Object oriented analysis consists in providing an
abstraction of the real world. Object idea is twofold.
Firstly, it has properties which represent its state. Sec-
ondly, it has operations which implement its behavior.
A basic way to represent the real world is to group
entities which have common state and behavior within
an object. This is a wrong way to do, because objects
are too small to be re-used and are too dependent of
their context. We propose to use archetypes [23] to
define a better way to create a more re-usable piece of
software. Archetypes contribute to solve the issue of
what is the best reusable module in the software. We
propose the use of four business archetypes [23], one
business archetype, which represents the dynamics of
the business process whereas the three others represent
the statics of the business entities involved in the proc-
ess.

The Party, Place, or Thing (PPT) archetype depends
on the subjacent entity. It allows to characterize an
object as an entity which has properties and operations
referring to business data and to business behaviour. It
is used in one or several business processes. The arche-
type description models a record of data attached to a
PPT, as, for instance, the Category of a room (see
Figure 2).
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Figure 2 - Static diagram of Reservation and
Check-in use cases

The moment-interval archetype refers to a business
process. It is a session-long life object. It allows to
model the purpose of a business process, or a use case
as the Reservation, in our example.

The role archetype allows to link a moment-interval
which has a short life with a specific purpose to the
business entities represented by a PPT archetype. With
a role archetype, we can represent the way a PPT is
involved in one or several contexts of use. There is a
strong link between the use case definition and the
business process one. As we know that different com-
panies share similar business processes and that a busi-
ness process can be modelled by the four archetypes,
we can link requirements with analysis artefacts in a
readable way. Links are established by identifying
roles of objects, from a really simple and straightfor-

ward object oriented analysis. We then maintain trace-
ability, with the moment-interval archetype.

Interaction view
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Figure 3 - Interaction view of the primitive

The interaction view (see Figure 3) partially models
collaboration. Handling this view to find collaborating
objects should help to discover components and to es-
tablish their boundaries. The view uses graphical UML
analysis stereotypes [12] to represent instances of ar-
chetypes and traditional classes. Entity: PPT arche-
types can be represented by an entity analysis stereo-
type. It is a business object containing business data
and behaviour. Control: a moment-interval represents
behaviour and data contained in an object which exists
only during a transaction, we use a control analysis
stereotype to represent it. Boundary: port is an interac-
tion with another component, as an actor link is a rela-
tionship with a human or a computer system. We there-
fore use a boundary analysis stereotype to represent a
port or an actor interaction.

Assembly view
An assembly view gives a black box point of view

of the logical component (see Figure 4) and connec-
tions with other ones.

<<logicalComponent>>
reservation

Figure 4 - Assembly view of the primitive logical
component "Reservation"

Identification of primitive logical components in the
use case view corresponds to Jacobson proposal of the
use case module. Jacobson defines a use case module
[10] to deal with that issue. “If we could keep use case
and its realization separate, and maintain that separa-
tion, we would get a system really simpler to under-
stand, to change, and to maintain”. Unfortunately, he
demonstrated that tangling (a component contains code
that realizes several use cases) and scattering (a use
case is realized by the code of several connected com-



ponents) phenomena do not allow splitting a system in
use case modules only.

3.2 Composite Logical Components discovery
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Figure 5 - UML collaborations

As we saw before, the use case is not the best mod-
ule of software reuse. Dependence between objects is
dramatically hard to manage. If we keep separate ob-
jects in different logical components, the complexity
remains identical. UML 1.4 [1] specifications define a
collaboration as a set of roles played by objects and
their interactions [26] (see Figure 5). Each interaction
of an object enrolled in a collaboration is represented
by a link, which is characteristic of its role in this in-
teraction. For instance, a Person object is enrolled in
the ValidPayment collaboration, and has customer role
within it. The same object Person is enrolled in Check-
out customer collaboration, and has a host role with
other responsibilities. As the use case concept, collabo-
ration has a useful goal. Thus, a use case can be trans-
formed into a set of one or several collaborations
which share the same role. This is a crucial logical link
between the use case model and the analysis model
which the process must save.
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Figure 6 - Design frameworks composition

Logical interfaces, i.e. responsibilities, are added to
an object, for each collaboration within which it is ol-
led. To specify and then implement the whole object, it
is mandatory to know all its responsibilities [4].
Named design framework in Catalysis method, a com-

position mechanism allows to define a complete speci-
fication of objects (see Figure 6). This mechanism
achieves to explicit precisely how a use case is realized
in the analysis task. It shows why it is difficult to keep
traceability manually, because of the many choices to
do.

We apply this composition mechanism to propose a
heuristic to discover logical component boundaries. In
our Hotel room management example, we group use
cases as follows. Use cases are realized by collabora-
tions which enroll objects of the system. The goal is to
minimize dependencies between components. To
achieve it, we do not authorize the enrollment of an
object in collaborations which realize a use case encap-
sulated in another logical component. Sometimes, it is
not possible and we add required interfaces to define
interactions between components as actors interactions.
The use case view (see Figure 7) shows two logical
components that encapsulate sets of use cases. The
interactions represented in are crossing logical compo-
nent boundaries through interfaces between compo-
nents. The second iteration of the process illustrates
and explains the composition mechanism that creates
composite logical components, in each view.

Use case view
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Figure 7 - Use case view of "Hotel room man-
agement" system

Regarding subjacent object collaborations realizing
uses cases, some of the use cases can be grouped in the
same component (see Figure 7). This kind of logical
component is called composite. We choose this con-
figuration containing two components, one for reserva-
tion and occupation of the room and one for account-
ancy concerns. Designers are free to choose the best
selection, the one that reduces interactions and depend-
encies through component boundary, or simply the one
that takes into account SI constraints. Figure 7 results



from some choice made by the designer. Boundaries of
primitive logical components are not commonly kept
in order to enhance the model readability.

Component design view

The goal of a UML collaboration [1] between a set
of objects is to identify the best reusable piece of soft-
ware, not the objects themselves. The use of archetypes
can answer the issue: how to design collaborations?
We propose to use archetypes to represent in a class
diagram the associations between objects in one col-
laboration represented by a moment-interval (see
Figure 8). A collaboration is typically designed with
sequence diagrams. But sequence diagrams, which
represent use case scenarios, detail interactions be-
tween objects. Moreover, the class diagram is no
longer linked with the sequence diagrams that allow to
define roles of objects.

A composite logical component applies the compo-
sition mechanism. As in a use case view, primitive
logical components boundaries are not kept. But in this
view, the designer has to choose the PPT objects. In
the example (see Figure 8), the designer chooses to
group the Reservation, Check-in and Checkout use
cases. As views have to be consistent, the designer in
charge of the component design view, groups the cor-
responding moment-intervals. The three moment-
intervals define the roles of the PPT objects. As in the
composition of frameworks, each role must be the re-
sponsibility of one entity object. In this view, the de-
signer has also to define the interfaces of the PPT ob-
jects. Another decision has been to keep the Room
entity outside of the component to enhance its reusabil-
ity. This decision has been made in the assembly view
presented in the next section.
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Figure 8 - Component Design view of the
"Rental" logical component

In a collaboration, a set of objects interacts for one
goal, as specified in the requirements. It is really diffi-

cult to reuse a part of a collaboration, i.e., a subset of
the participating objects. Because they are linked by
the collaboration, they have responsibilities corre-
sponding to the role they have in this collaboration.
Then, the analyst’s goal is to define the best boundary.
Archetypes provide a way to explicit collaboration in
an object-oriented vision. They explicit interactions
between objects enrolled in one or more collaborations.

Thanks to the archetypes, whatever the design
choices are, traceability is maintained. The moment-
interval archetypes always represent use cases and
their related business process.

Assembly view
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In this view, an architect decides to isolate room en-
tities. Then the Rental component becomes independ-
ent of what is rented and is reusable in another context.
Actually, the main concern of this view is the reusabil-
ity of the logical components.

Interaction view

As we saw before (see Figure 7), a use case view
allows to decompose a system in logical components,
grouping a set of use cases. Standard relationships be-
tween use cases, extends and includes are kept. The
difference with a traditional use case diagram is that
these relationships can cross component boundaries
through interfaces of the logical components. They
explicitly show the functional dependencies between
components. It is obvious that there are interfaces in
other views, which drive the designer to discover these
new interfaces.
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In the interaction view, we add the externalControl
stereotype for the Resource object. This analysis
stereotype represents the component required inter-
faces. It shows the dependencies of the component
with its context, while keeping autonomous the com-
ponent.

4. Implementation and evaluation

4.1 Method
mechanisms

implementation using MDE

CUP is specified by an extension of the UML meta-
model divided in four parts (see Figure 11). The con-
cept of logical component has been added, with its
required and provided interfaces, and the externalCon-
trol role. As the notation used in the method is de-
scribed in a meta-model, its implementation can be
facilitated by a modeling tool such as ModX [27], or
by the IBM Eclipse Modeling Framework [28].

Object constraint language rules [1] have been de-
fined to constrain and guide the design. They define
consistency relationships between each model element.
Once the PIM has been built (2 1,2), these tools can
generate code according to some generation rules
(=3,4). As the properties of our component model are
independent of any technological aspect, this enables
the translation of a CUP component into several target
platforms. In order to define mapping rules, we just
need to associate a CUP concept (described by a meta
class) with a platform specific concept. Secondly, at
each model level, the design can induce modifications
at another model level. The tool will inform the de-
signer to carry out these modifications in order to re-
store the design consistency of the complete model.

The CUP approach has been experimented in actual
projects in large business domains, i.e. insurance,
banking, health care. It has been proven that applying
such division early in the development process, and
maintaining consistency with a tool is more efficient.
Then traceability is more maintainable. The impact of
an evolution is more quickly detected. The efforts are
more easily evaluated. Some components have been
reused in different projects. It is a practical and effi-
cient way to validate the method and its benefits about
requirements traceability.
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Figure 11 - Model Driven
Engineering process

4.2 Related works

Components are often introduced too late in the
process, according to technological concerns as in the
popular UP process [12]. We propose with CUP to deal
with component boundaries very in the process, during
the requirements phase to ensure better traceability.
Then, all stakeholders can participate in the component
identification of their information systems. Benefits of
a model-driven approach, such as CUP, are that, with
design methods, analysts and designers focus on func-
tional concerns, leaving aside the technological ones.
Then the produced PIM is more re-usable, and could
be more easily transformed into a Platform Specific
Model, then into code.

Existing component-based methods often come
with a complexity of use. Catalysis [4] is one of the
most complete method, but is really difficult to imple-
ment. CUP is formalized by a meta-model, and its re-
lated constraints, and then MDE tools [27] can guide
designers with more flexible processes and tools.

Finally, the concept of logical component guaran-
tees a more focused and more efficient work, and as it
is omnipresent, it guarantees consistency between
views, from requirements to deployment. Regarding
UML 2.0 [25] components, that are enriched classes,
CUP ones, are more as a framework, i.e. a set of
classes as [5]. Then reusing these components provides
a better return on investment, because it includes the
reuse of all the models of all the component views and



allows to connect these components without any tech-
nical concern.

5. Conclusion

In this paper, we propose an innovative method to
ensure requirements traceability in the project devel-
opment cycle. First, a use case based solution is used to
express requirements. CUP allows an early identifica-
tion of logical components in the use case view to be
decided by each stakeholder of the project. The intro-
duction of archetypes increases the quality of the sys-
tem model, by checking the functional division of the
system. Then, collaborations that realize use cases are
explicitly designed with moment-interval archetypes in
the component design view. Analysis based on arche-
types, helps to find and to consolidate boundaries of
logical components. Finding the required and provided
interfaces completes the PIM building. Traceability has
been ensured by the subjacent meta-model which links
the different views. Then generative tools [27] can
exploit the results thanks to MDE technology.

Dealing with component identification early in the
process makes easier the component re-use. For in-
stance, an existing component answering one or more
use cases can be early detected. The re-use of business
components will be favored by our approach and al-
lows to build more efficiently future information sys-
tems.
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