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Abstract: The introduction of viewpoint in object-oriented desigoyides several
improvements in modeling complex systems. In fact, it eesithe users to build
a unique model accessible by different users with varioustp®f view, instead
of building several sub-systems whose management is tabtbatomplete. Those
concepts of view and viewpoint were implemented by VBOOLe(viBased Object
Oriented Language), the language which proposes a neviorgdatp "the visibil-
ity”. VBOOM (View Based Object Oriented Method) analysisdashesign method,
integrates those concepts in an object-oriented modelinghis work we propose
firstly a new representation of the visibility relationshipUML (Unified Modeling
Language), secondly the viewpoint oriented methodMBOOM based on UML).
The latest method is based on the VBOOM method. The new reypiegion of the
visibility relationship encourages the multi-targets eagneration and improves the
development process proposed by the VBOOM method.

1 Introduction

Recently, two aspects have received a lot of attention inahjriented development:
the emergence of UML (Unified Modeling Language) as an unifiethtion for object-
oriented analysis and design, and a growing consensus wpaiet approaches to object-
oriented modeling.

The UML [19] is a graphical language for specifying, visaalg, constructing, and
documenting the artifacts of software systems. UML is adaath modeling language en-
dorsed by Object Management Group (OMG) in 1997 as UML 1.1.LUs/the graphical
notation that defines the semantics of the object meta-n{odedel of UML itself). UML
does not define any specific process for software developrbegbond some preliminary
process description reported, for instance, in [13, 1].

The introduction of viewpoint approaches to software depelent provides several
improvements in complex system modeling [3, 6, 16]. In factnables the users to build a
unigue model accessible by different users with varioug/pi@nts, instead of building sev-
eral sub-systems whose management is too hard to completezidwpoint concept was first
introduced by Shilling and Sweeny [11] as a filter of a glolmaéiface of the class, but the
views are not separable or separately reusable. Harrigsbal §h7] proposed subject-oriented
programming as a way to build integrated “multiple view” &pgtions by composing appli-
cation fragments, called subjects, which represent ca@hblgland possibly executable func-
tional slices.
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To this effect, the VBOOL language has been defined whiclgiates the new relation
"the visibility” and its derived mechanisms (language tietiend Eiffel) [15]. To implement
those concepts in object-oriented methodology, the VBOG&thmd has been defined which
extends the BON’s method [4, 12]. VBOOM propose 3 stages. fifeeone defines the
system dictionary. The second one allows designer to dewvbkir own model separately.
The last stage generates a unique model thanks to the "gightincess.

The aim of this work is, firstly to propose a new representatibthe visibility rela-
tionship in UML [9, 1, 19]. Secondly, to propose the viewpgariented method WBOOM
based on UML. The definition of the latest method is esséynti@sed on VBOOM method.

The outline of the paper is as follows. In section 2, we defimnefly the visibility rela-
tionship and its derived concepts in UML. Section 3, we pneiee 3 stages of WBOOM.
Finally, briefs conclusions are given in section 4.

We are going to illustrate our subjects with the Media ligrfanagement example.
The specifications of this example are more explained in.[I4je Media library system
must allow its members to consult and to borrow various tyfasipport for example books,
video and audio disks, audio CD, etc. Only one member of thrardy can borrow books,
reviews, etc. The borrow is limited in time. The potentiagtssof the Media library system
are: the librarian who manages the loans, the adherentsnsigpe who will add and remove
members, the exemplaries responsible who will seize the @mplaries and to remove
those damaged. According to the use types, the Media lilsseatem will be considered, as a
set of COUNTS ADHERENTS, or of EXEMPLARIES, or a means to litatie the LOANS.
Thus, we identify 4 classes of the system, "Medihrary”, "Loans”, "Exemplaries” and
"CountsAdherents”.

2 The visibility relationship: associated mechanisms andysitax

By visibility , we mean that an entity can be seen upon several anglehdtfadt of
a satellite which can be studied under the Exemplaries ressiple angle, Adherents respon-
sible or Librarian one. The syntax and the semantic of thiscept is detailed in [15], we
summarize here the principal characteristic.

A view is an abstraction of the model. It constitutes the unity afhility; it is the
result of factorizing user’s needs.

A viewpoint is the sight that has a user to the model. It ’s a combinationesfs.

A flexible class is a class that declares more than two views; its iostanhich must
specify a particular viewpoint take various appearanaeshé Fig. 1, the "Medid.ibrary”
class is a flexible class, which owns 3 views ("Loans”, "Exdamies”, "Counts Adherents”).
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Figure 1. Visibility relationship and flexible class

The graphic representation of the flexible class and théilitgi relationship are il-
lustrated respectively by the "flexible” stereotype addethe class symbol of UML and the
stereotype "seens” added to the inheritance relationship symbol of UML (Riy

The syntax proposed by VBOOL to declare views is the follayvin

flexible class Media_Library
feature...
-- declaration of views
seen_as Loans
seen_as Exenpl aries
seen_as Counts_Adherents

end class -- Media_Library

In flexible class the definition of new features implies spieation of their export
status. Some features can be exported to some client'sslasther should be used only by
specific instances with particular viewpoint on the flexitless. This restriction of visibility
is expressed by the "vievieature” keyword.

flexible class Media_Library
feature. ..
-- Views declaration

-- View feature declaration
vi ew_feature Loans, Exenplaries, Counts_Adherents
di splay do... end

end class -- Media_Library
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Instances of a flexible class are defined by specifying a viéwi@s follows:

Media_library_librarian: Media_Library (Loans, Exenplaries,
Count s_Adherents);

The "Medialibrary_librarian” is an instance of "Medi&ibrary” having the viewpoint
(Loans, Exemplaries, Countddherents). Features declared in "Loans”, in "Exempldries
and in "Counts Adherents” classes and those specified in "vieature Loans, Exemplar-
ies, CountsAdherents” or in "feature” clauses of "Mediabrary” class are accessible by
"Media_library_librarian” instance.

The object to use the viewpoint concept is to define accebssrig the model. If we
consider librarian’s access for example the views "Loatiskemplaries” and "Countg\d-
herents” concern him. Contrary to the adherents respandibé librarian must not have
the right to change the adherent’s featbteck countadherent so to call this feature of
the "CountsAdherents” view. To solve this problem, the mutual exclasivews concept
has been introduced, that means to specify the views thaiotdre simultaneously in the
same viewpoint. Thus, in the Media library Management eXanwe can create two views
inheriting from "CountsAdherents”: the views "ModCountsAdherents” and "NatMod-
CountsAdherents”. These two views are in mutual exclusive (Fig. Zhat is to say
"Mod _CountsAdherents” view that will have access the exemplaries nesipte and "Not
Mod_CountsAdherents” view that will have access the librarian. Of taens way, the li-
brarian must not have the right to change thuenberavailable exemplaryfeature of a "Ex-
emplaries” view, contrary to the exemplaries responsiti® wan add new exemplary or
to remove the damaged exemplaries by invocation the twafesadd exemplaryor re-
moveexemplaryof the "Exemplaries” view. Thus, we can also create two viaweriting
from "Exemplaries”, "ModExemplaries” view that will have access the exemplarigsares
sible and "NotMod_Exemplaries” view that will have access the librarian (Y.

VBOOL propose others concepts such as:

o visibility derivation which enables a class to see a flexihdess upon a particular view-
point,

e viewpoint evolution, polymorphism.. etc.

3 Stages of UYBOOM method

VBOOM is an analysis and design method, which integratesnihkiview approach
in a coherent and deductive method [4, 12]. VBOOM providessithe possibility to:
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Figure 2. Example of mutual exclusive views

deal strategically with problem space by identifying usei¢eds,

improve the interaction expert/user and designer,

establish partial models, operating different knowledfythe system. Those models,
which make design easier, are called "model’s view”. Each ooncern a specific
viewpoint,

generate a unique model integrating different view models.

Like has been made for the OMT [18], OOSE [10], BOOCH [2] meho The
VBOOM method must take in account the standard UML, i.e. tegrate the concepts
and the notations used in the unified modeling language iINB@OM method, by using its
possibilities of specialization and extension [8, 7]. Th& BOOM method presents an adap-
tation of VBOOM to UML. The development model of UBOOM is iterative, incremental,
and piloted by the use case [10, 9].WBOOM method proposes two kinds of models the
static and dynamic one to describe the system and its bekavibe establishment of those
models is an incremental process of 3 stages. The first stagpists of defining model com-
ponents, the second one enables designer to develop theég&srammmonly or not, The final
stage has the goal to generate a coherent document (glodal dectionary of components,
scenarios).
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Figure 3. Use case diagram of MEDIA LIBRARY system

3.1 Stagel: global analysis

The object of the first stage is to define model componentss &t stage of global
specification of development by MBOOM. It consists in providing a precise description of
the different needs of the system users.

This stage begins by elaborating the use cases diagramefgy#item that consists to
identify use cases and agents (users) interacting with @igThe views elaboration of the
system is supported by the use cases description techrBqué. [ This technique consists
to describe the use case as an action sequence that will makgeat to achieve his goal.
An action is an effect produced by an agent (actor) actingay given on the system or
by the system itself [5]. Every action has a number and a lelwa are indicated in the
“Decomposition in actions” column (Table 1).

The use cases identified for the agents and the intersedtibaipactions are going to
permit to cut the viewpoints in views. A view correspondsdtians list to a given viewpoint
or result of actions intersection of viewpoints group (Fg.

The global analysis stage continues to identify objectscagses belong to the prob-
lem domain. Scenarios are acquired as collaboration dizgfar each use case. Collab-
oration diagrams concentrates on the structure of theaatien between objects and their
inter-relationships rather than focuses the temporal dgioais of a scenario. Thereafter, po-
tential classes of the system are identified and select féerites. At the end of this stage,
the initial dictionary of components is elaborated. It @ns simple and flexible classes and
views (Fig. 5).

68 RITA e \Volume X e NUmero 2e 2004



Analysis and design process based on the viewpoint concept

<< viewpoint>>

<< viewpoint>>
Exemplaries Management

<<viewpoint >>
Adherents Management

Loans Management

V2

V1|({V2||V3 V1

Counts_Adherents =V1={ al, a2, a7
Exemplaries=V2 ={ a3, a8, a9}
Loans =V3={ a4, a5, a6}

Figure 4. Viewpoint diagrams of the MEDIA LIBRARY system
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Figure 5. Initial class diagram of the MEDIA LIBRARY system
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Table 1.The use cases decomposition in actions

Agents Use case Decomposition in actions
al: To identify an adherent
a2: Count adherent (To check right loan for member)
a3: To seek an exemplary
Loan a4: To handle an exemplary (to validate the outfut
an exemplary)
ab: To handle an adherent (to indicate the loan by
adherent)
al: To identify an adherent
Librarian a2: Count adherent (To check right loan for member)
Reservation |a3: To seek an exemplary
a6: To reserve an exemplary
al: To identify an adherent
a3: To seek an exemplary
Restitution |a4: To handle an exemplary (to validate the indu
exemplary )
ab: To handle an adherent (to indicate the retéiamo
exemplary)
Loan if counts| al: To identify an adherent
blocked a2: Count adherent (To check right loan for member)
Identification | al: To identify an adherent
member
New adherent| a2: Count adherent (to. Add adherent)
adherents al: To identify an adherent
responsible Litigation a2: Count adherent (Blocked count adherent)
a7: To inform an adherent
Exemplary |a3: To seek an exemplary
Exemplaries addition a8: To add an exemplary
responsible Exemplary |a3: To seek an exemplary
deletion a9: To remove the damaged exemplaries
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Figure 6. The 3 packages of the MEDIA LIBRARY system

On the final time, the packages can be identified to organzenibdeling elements.
The identified packages are gotten according to the logittatia use type of an agent. Those
packages are going to become thereafter the sub-systemedmaodel’s views) (Fig. 6).

3.2 Stage2: The sub-systems design

The global analysis of the ¥BOOM method is elaborated and it will be enriched
in second stage. The sub-systems (model's views) desigmifsehe translation of the anal-
ysis model. These sub-systems constitute an essentifcarif the second stage of the
U_VBOOM method. Indeed, the cutting out of the solution spacsuib-systems permits to
land the global system design to partials designs of thesyatems. These partial designs
of the sub-systems can be made in a disparate and autonoraguse be led in parallel or
sequential.

For each sub-system, designer develops during this statieathd dynamic represen-
tation. Static representation is described by formal fates of classes derived from informal
ones. If a class is present in different sub-system thenigautierface corresponds to a par-
tial description. Dynamic models are described by sequdiaggam and statechart diagram.
A sequence diagram shows interactions among a set of olijetgmporal order, which is
good for understanding timing issues. A statechart diagtaows the sequence of states that
an object goes through during its lifecycle in responseitowdt. Generally a statechart dia-
gram may be attached to a class of objects with an interedtingmic behavior. At the end
of this stage, for each sub-system, partial dictionary ofigonents is elaborated. The Fig. 7
represents the class diagram (partial) of Menagement of Loanssub-system.

3.3 Stage3: Global model design

The goal of the final stage was to generate a coherent docigiebal model, dictio-
nary of components). This stage consists of melting painigirfaces, resolving conflict
and identifying modifications to reverberate between elas¥ different sub-system and
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Figure 7. Class diagram of the Management of Loans sub-system

providing the global architecture of system. To lead thégst the function named “melt-

ing_function” is purposed. This function provides an efficientlautomatic process to melt
sub-system, resolve conflicts and avoid redundancy. At tlaeod this stage, we validate

the document and check coherency between global model taraices. During this stage,

designers should be spectators unless their intervergtiomlispensable (Fig. 8). In our ex-

ample, the global model is relatively close to the Managdrghoans sub-system because
this latest is predominant in the system, but this situaisomot evidently a generality. The

sub-systems obtained are tested and validated in order toded in the implementation

activity.

4 Conclusion

In this paper, we have argued the viewpoint-oriented dg@retmt. We have proposed
the analysis and design method WBOOM). This method extends the standard UML by
incorporating new concepts like views, viewpoints, flegiblisibility relationships, etc. to
object-oriented technology. In viewpoint-oriented maadgl establishing model’s views is
important as it makes global model design more easy andirkugdoreover, model’s views
melting is an efficient and automatic possible. Th%BOOM method is an adaptation of the
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Figure 8. Class diagram of the Media library management
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VBOOM method under the UML. The development process ofROOM is incremental,
iterative and piloted by the use cases. The decomposititimoystem in packages, which
became the sub-system (model’s view), by the logical d¢aitese type permitted to land the
global system design to the sub-system design.

The work describes herein is part of a project which define thatmlogy of com-
ponents multiview objects. Among the tasks remaining tdeamehin this project, we can
mention:

¢ the definition of the composing multi-views notion as regriog of multiview classes,

¢ the development of a basis of design pattern supportingiévepoints approach,

o the realization of an environment support cMBOOM.

References

[1] Unified modeling language (uml), version 1.4, 2001. OMGcDment formal/2001-09-
07,htt p: // ww. ong. or g/ cgi - bi n/ doc?f ormal / 01- 09- 67.

[2] G. Booch. Object-Oriented Analysis and Design with Applications Ben-
jamin/Cummings, Redwood City, 1994.

[3] B. Carré and J. Geib. The point of view notion for muléphheritance. IfProceedings
of the ECOOP/OOPSLA991.

[4] B. Coulette, A. Kriouile, and S. Marcaillou. Lapproctpar points de vue dans le
développement orientée objet de systemes compl&eaie I'Objet10(5):13-20, Feb
1996.

[5] B. Dano, H. Briand, and F. Barbier. An approach based encitncept of use cases
to produce dynamic object-oriented specifications.Ptaceedings of the Third IEEE
International Symposium on Requirements Engineefifg7.

[6] A. Finkelstein, D. Gabbay, A. Hunter, J. Kramer, and B.sHibeh. Inconsistency han-
dling in multi-perspective specifications. Rroceedings of the ESEC'93 Conference
pages 84-99, Garmish-Paternkirchen, 1993.

[7] A. Hair, A.Kriouile, and B. Coulette. Un processus d'&se et de conception unifié

basé sur le concept de point de vue.Pioceedings of the!8 Africain Conference on
Research in Computer Science (CARI'Q23ges 229-237, Yaoundé, Oct 2002.

74 RITA e Volume X e NUmero 2e 2004



Analysis and design process based on the viewpoint concept

[8] A. Hair, A. Kriouile, and B. Coulette. Vuml : Une méthodkanalyse et de concep-
tion orientée objet, intégrant uml et le concept de poatsde. InProceedings of the
International Conference on Systems, Software Engingara their applications (IC-
SSEA'2001)France, Dec 2001.

[9] I. Jacobson, G. Booch, and J. Rumbaug@he Unified Software Development Process
Addison-Wesley, 1999.

[10] I. Jacobson, M. Christerson, P. Jonhson, and G. Ovellg&bject-Oriented Software
Engineering, A Use Case Driven Approadkddison-Wesley, 1992.

[11] J.Shilling and P. Sweeny. Three steps to viewsPioceedings of OOPSLA'89ages
353-361, New Orleans, LA, 1989.

[12] A. Kriouile. Vboom, une méthode d’analyse et de conmeppar objet fondée sur les
points de vue, 1995. State thesis of sciences faculty, Rabat

[13] P. Krutchen.The Rational Unified Process - An Introductiokddison-Wesley, 2000.

[14] N. Lopez and E. P. J. MigueisTo integrate UML in your projectsEdition Eyrolles,
1998.

[15] S. Marcaillou.Intégration de la notion de points de vue dans la &lsation par objets;
Le langage VBOOLThesis, Paul Sabatier University, Toulouse, 1995.

[16] H. Mili, J. Dargham, A. Mili, O. Cherkaoui, and R. Godiiew programming of 0o
applications. IrProceedings of TOOLS'QYSA, 1999.

[17] W. H. H. Ossher and A. K. M. Kaplan. Subject-orientedgmamming: a critique of
pure objects. IfProceedings of OOPSLA'9Bages 411-428, Washington D.C., 1993.

[18] J. RumbaughOMT : Mocktlisation et conception orieéés objet Prentice Hall, 1995.

[19] J. Rumbaugh, I. Jacobson, , and G.Boothe Unified Modeling Language Reference
Manual Addison-Wesley, 1999.

RITA e \olume X e NUmero 2e 2004 75



