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Abstract:

This paper summarizes our current reseach abou an open framework layered development
architedure. The objedive of our reseach program is to cgpture design principles for
adaptable, flexible, and composable open software systems in perticular domains.
Furthermore, these open systems are presented in terms of frameworks that allow us to define
the basic dements or kernel of anumber of related appli cations associated with a domain, and
then reuse these dements or kernel in the development of members of this applicaion family.
This reseach concentrates on the methoddogy, the tods and techniques, and the theoreticd
foundition associated with the development of such architedure. One of the domains for
which this architedure will be instantiated and bult is hypermedia aithoring. The
spedficaion d this case study isthe main goal of this paper.

We will describe the general architedure for framework construction and then instantiate it
for the cae of HyperFrame, a hypermedia-authoring framework. The framework can be seen
as a processcentered software engineeaing environment that uses the OOHDM method as the
development process

Keywords. Frameworks, objed-oriented design, hypermedia, OOHDM, software-engineaing
environments, processes.

1. A General Open Framework Development Architecture

A framework is defined as a generic software system for an applicaion damain, which
provides a reusable semi-finished software achitedure that allows both single building
blocks, and the design of (sub) systems to be reused. Furthermore, it is composed o a
colledion d coll aborating and extensible dasses, conceved to work together and represents a
generic subsystem that can be instantiated [Alencar, Cowan, Fontoura, Lucena & Nelson 97.

A framework consists of a mlledion d abstrad and concrete dasses and the interface
between them, and can be seen as defining a high-level language with which applicationsin a
domain are instantiated (or creaed) through inheritance and composition. The reuse of a
framework in a particular application involves providing a set of refinements, and integrating
them into the framework’ s generic achitedure.

We now present a general open architedure for framework development [Alencar, Cowan,
Fontoura, Lucena & Staa 97]. The achitedure is divided into severa layers. Each layer is
resporsible for a different required functionality. Figure 1 ill ustrates this approach, and the
foll owing subsedions explain ead ore of the layers.
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Figurel: A Layered Architedure

11  Storage Layer

The Storage Layer is resporsible for the persistence of al the framework data. It may use ay
kind d storage medanism, such asflat fil es or databases g/stems.

12  AccessLayer

This layer is the resporsible for providing access to the data. It has al the functions that
manipulates the data and is a dient of the storage layer. Examples of accessmethods that may
be used within this layer are the SQL-like accss the sequential access and the hypertextual
acces

1.3 Interface Layer

This layer is resporsible for the manipulation and transformation d the data obtained by the
accesslayer so that the other higher level layers can useit.

1.4  Application Layer
Thislayer isresporsible for the gplicaion spedfic functionand kehavior.

1.5 Programming Tools Support Layer

This layer provides al the programming suppat for the cnstruction o the framework
perspedives and extensions. It may be divided in two parts. a programming part and an
auxiliary part. The programming part uses any programming languege, such Lua
[lerusalimschy, Figueiredo & Celes 96|, Java, Visua Basic, or C++. The auxiliary part
consists of auxiliary todls such as libraries (e.g., ohed-oriented libraries) or todkits (e.g.,
user interfacetoadlkits).



16 Process Support Layer

The process sippat layer provides al the process control functions needed by the eab
instance of the framework. This layer must give suppat to processprogramming, control, and
anaysis. The interfaceof the final environment (generated by the framework) may also be
controlled by through processexeaution.

2. Hyper Frame Specification

HyperFrame is a robust framework that gives suppat for large-scde hypermedia systems

authoring. As main charaderistics of this framework we have:

1. Suppat for multiple authoring languages: it will allow that ead user to be ale to use the

language of his’her preference Examples of these languages can be HTML, SGML, and

C++;

Suppat for multi ple user interfaces: final users will also define the interfacediagrams;

3. Development method and process control: a processenading engine will control the
framework. HyperFrame will suppat cooperative work, where eab framework user will
be performing a role in the process program. The process language used by the enador
will match all the requirements of hypermedia development processes. As a development
methoddogy we will use the Objed Oriented Hypermedia Design Method (OOHDM)
[Schwabe, Ross & Barbosa 96; Ross 96], described next.

no

21 OOHDM

Independently of the particular life g/cle model used, there seamns to be agrowing consensus
abou the kind d adivities that must be performed, in terms of the sequence of processes and
products invalved in the development of an applicaion. In this resped, the processof buil ding
hypermedia gplicaion is not intrinsicdly different from the one used when bulding
conventional applicdions.

Domain o conceptual modeling is amed at understanding the problem domain and bulding
adequate models of it, while design deds with abstradions in the software universe and is
biased towards maximizing moduarity and reuse. The design model is applicaion
independent in the sense that though it may take into acournt some implementation setting, a
particular implementation environment does not condtion it. Finally, duing the
implementation, design abstradions are mnverted into concrete implementation artifads, i.e.
those isting in ared implementation environment.

The OOHDM [Schwabe, Ross & Barbosa 96] considers the hypermedia gplicaion
development process as compaosed of four adivities that are performed in a mix of iterative
and incrementa styles of development, in eat step a mode is built or enriched. The four
adivities are:

1. Conceptual Design;

2. Navigational Design;

3. Abstrad InterfaceDesign;

4. Implementation.



During Conceptual Design, amodel of the gplicaion damainis built using well know objed-
oriented modeling principles [Rumbaugh et. a. 91] augmented with some primitives such as
atributes perspedives and sub-systems. Conceptual classes may be built using aggregation
and generalization Herarchies. The product of this gep is a dassand instance scheme built
out of sub-systems, classes, and relationships. Whereas the conceptual model is built withou
concern for particular kinds of users and tasks, the Navigational Design phase prodices a set
of modelsthat is built taking into ac@urt the types of intended users, and the set of tasks they
will perform using the goplicaion. As a @mnsequence, in OOHDM one gplicdionis enasa
navigational view over the conceptual model. The navigational structure of a hypermedia
applicaion wses (Navigational) classs, cdled nodes, which refled the chosen view over the
application damain. The navigation space is defined in terms of navigational contexts,
esentialy, sets of navigational nodes which are induced (in dfferent ways depending on the
type of clasg from navigational classes such as nodes and links. During Navigational Design
we dso define the way in which navigation will proceead by spedfying transformations in the
navigational space i.e. the set of accesgbly navigational objeds at agiven time.

The third phese, Abstrad InterfaceDesign, is concerned with making the navigational objeds
percevable by the users, so an interface model is built. In particular, it defines the way in
which dfferent navigational objeds will 1ook like, which interface objeds will adivate
navigation, the way in which multimedia interface objeds will be synchronized and which
interfacetransformations will t ake place

Finally, by mapping the navigational and abstrad interfacemodels into concrete objeds, i.e.
those available in the dhosen implementation environment, the aithor produces the adual
hypermedia system to be run.

3. Formalizing the Process

In this sdion we will formalize the OOHDM process spedfying the tasks, adors, and
procedures invalved in ead phaese of the process By doing this we will define the tods
needed in ead step of the process These tods will compose the HyperFrame kernel, defining
the Applicaion, Interface Access and Storage layers gructure.

3.1  Conceptual Design

During this task a mnceptua diagram is developed. This diagram represents the objeds and
relationships in the gplicaion danain. In the OOHDM this diagram is constructed ower
classes, relationships, and subsystems. Class and relationship cads, smilar to the ones
defined CRC [Wirfs-Brock et. a. 90), are used to help the documentation process These
cads asdst the projed dedsions, during the whole process

3.1.1 Actors

This phase will invove two dfferent kinds of adors. One, the Domain Enginee, is
speadlized in the gplicaion damain. The other, Applicaion Designer, is edalized in
cgpturing the Domain Enginea knowledge and representing it by OOHDM diagrams.



3.1.2 Pre-condtions

The adors invaved in this phase must be familiarized with oljed-oriented concepts, such as:
objeds, attributes, classes, relationships (aggregation and inheritance), subsystems and
domain knowledge.

3.1.3 Artifadsproduwced

A design dagram representing the semantic modeling of the gplication damain is produced.
This diagram is very similar to the ones pedfied in athers OOADM (objed-oriented analysis
and design methods), such as OMT. The next phase, navigational design, will map the dasses
spedfied in these diagrams into hypermedia nodes and the relationshipsinto links.

3.2  Navigational Design

In this phase the navigational contexts, navigation clasgnodes) suppated by the gplicaion
are defined. The adors invaolved in this processwill use the conceptual diagrams defined in
the previous phase to define the goplicaion ravigational structure. They are resporsible for
providing different navigational options, or different views of the hypertextual information.

3.2.1 Actors

The same kind d adors involved in the previous phase. Now the Domain Engineg is the one
resporsible for defining the various navigational options, which will be modeled through
navigational contexts by the Application Designer or Context Designer.

3.2.2 Pre-condtions

The semantic modeling of the gplicaion danain, definition d user profil es and tasks defined
in the previous phase, must be well known by the atorsinvolved in this phase.

3.2.3 Artifads produwced

Navigational class diagrams containing the whaoe navigational structure. This dructure is
represented in terms of navigational nodes, links, access s$ructures, context definitions, and
navigational transformations.

3.3  Abstract Interface Design

A criticd step in the development of hypermedia goplicaions is the interface speaficaion.
The spedficaion d aforma model that maximizes the dialog independence and permits that
comporents be reused is very important.

The possble metaphars and their static and dynamic properties and relationships define the
abstrad interfacemodel.



3.3.1 Actors
The adorsinvolved in the previous phases and an InterfaceDesigner.

3.3.2 Pre-condtions

It isnecessary to know:

» Theway the various users will ded with the gplicaion oljets;

* Theinterfaceobeds;

» Therelationship between the objeds and the events that controls the navigational process
e Synchronization d objeds such as audio and video;

* The dhangesin the interfaceproduced by external events,

* Abstrad dataviews (ADVS);

» Abstrad dataobjeds (ADOs);

* The ADV Chart notation;

» Configuration dagrams.

3.3.3 Artifads produced

In this phase the foll owing diagrams will be produced:

» Configuration dagrams, that represents the ommunication between the various obeds;

* ADV Charts, that represents the dynamic aspeds of the interface

 ADVsaredefined to present one navigational classes and contexts,

» ADVsare dso defined for others kinds of objeds, such as buttons and menus;

» Diagrams containing the static relationship between ADV s and ADOs,

* The spedficaion d ADV Charts for eath ADV, alowing a graphicd visualization d the
dynamic aspeds of the gplication.

34  Implementation

This phase is a mnsequence of the previous phases. If al the previous geps were well defined
this phase is developed is very straightforward. This phase is the one resporsible for seleding
the development plataform, languages, and suppating environments. A ot of emphasis must
be devoted in the validation and test steps.

3.4.1 Actors
The adorsinvalved in this phase ae software enginees.

3.4.2 Pre-condtions
All the documents devel oped in the previous phases.

3.4.3 Artifads produced
The final documentation and the goplication are the atifads produced in this phase.
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Figure 2: OOHDM ProcessFormali zation

4. The Kernel Definition

By analyzing the process formalization we can define the tods needed by ead step of the
development process The first two pheses, Conceptual Design and Navigational Design, are
basicdly centered in designing diagrams. Being so, ou framework must provide apowerful
diagram editor. The HyperFrame requirements edfy that the user will be ale to configure
the diagram interface ad working notation. This editor must suppat graphica and textual
descriptions and will be defined as a meta-editor, which can be astomized for eat ore of the
steps of the method.

The framework’s meta-editor must guarantee the persistence of al the objeds being
manipulated. This will define the structure of the Access Interface ad Persistence layers,
described in figure 1. Ancther feaure of the elitor is the use of dired manipulation for the
creaion d new diagrams and entities.

In the Abstrad InterfaceDesign phase we must be ale to define interfacetemplates. These
templates will spedfy the design and behavior of the interface In this case we will need to use
ainterface onstruction tod that has the nations of ADV s and ADOs embedded in its kernel.
Thiswill be avery important tod of the framework’s kernel.

This tod, cdled ADV based interface elitor, will give suppat for defining the behavior and
the relationships between the objeds in the gplication abstrad interface



In the implementation phase we will neal an interface that will alows us to spedfy the
applicaion’ s implementation charaderistics, such as language used, target platform, etc.

Figure 3: A Meta-editor Prototype

Basicdly our framework will be mmpaosed o threeintegrated tods. a meta-editor, a ADV
based interface elitor, and an applicaion generator tool, that will generate the final
applicaion acording to the implementation charaderistics gedfied.

5. Conclusions and Future Work

We ae now working on a more formal definition o eat ore of the todls that compose the
framework kernel. We drealy have avery good spedficaion d the meta-editor and the ADV
based interface elitor and are arrently working on the spedficaion d the gplicaion
generator toal.

Figure 3 illustrates a navigational diagram constructed in a meta-editor prototype that is
dready developed. This prototype will be alapted to the HyperFrame requirements and
integrated in the framework kernel.

The Storage and Accesslayers are dso already implemented. The storage mechanism is based
on arelational database and an API that defines the functions and structures for accessng the
navigational objeds defines the accas This API is implemented in C++ and can be used as
CGil scripts.



Our first approach will be the use of afixed architedure for generating Web applicaions. We
will use CGI-Lua [Lua 97] for spedfying the dynamic aspeds of the gplicaion. The ADV
based interface elitor will generate HTML templates that will be “combined” with the
navigational objeds to generate the final applicaion. This architedure will be validated in the
development of Web-based Courses using HyperFrame.

We think that the spedficaion and development of thistod will help usto validate and refine
our framework construction approach and will also be important in the improvement of our
understanding of the development method OOHDM.

We ae now working on the spedficaion d hypermedia design patterns [Garrido, Ross &
Schwabe 97], which will be very important in the definition o our framework architecure.

Figure 4: The HyperFrame Architedure

6. References

[Alencar, Cowan, Fontoura, Lucena & Nelson 97] P. Alencar, D. Cowan, M. Fontoura, C. Lucena & T. Nelson
97. "A Framework Development Approach Based on Viewpoints'. Technicd Report, Computer Systems Group,
University of Waterloo, 1997

[Alencar, Cowan, Fontoura, Lucena & Staa97] P. Alencar, D. Cowan, M. Fontoura, C. Lucena & A. Staa97:
"Frameworks in Software Engineeaing. Methods and Toadls'. Technicd Report, Computer Systems Group,
University of Waterloo, 1997

[Garrido, Ross & Schwabe 97] A. Garrido, G. Ross and D. Schwabe: "Pattern Systems for Hypermedia', to
appea, 1997.



[lerusalimschy, Figueiredo & Celes 96] R. lerusaimschy, L. H. de Figueiredo and W. Celes F. "Lua - an
Extensible Extension Language”. Software: Pradice & Experience 26(6), 635652, 1996

[Lua 97] http://www.teagraf.puc-rio.br/scripts/cgil ua/manuai /cgil ua/cgil ua.html

[Ross 96] Ross, G., “Uma Metoddogia para o Projeto de Aplicagdes Hipermidia”, Tese de Doutorado,
Departamento de Informatica, PUC-Rio, 1996

[Rumbaugh et. al. 91] Rumbaugh, J., Blaha, M., Premerlani, W., Eddy, F., Lorenson, W.: “Objed-Oriented
Modeling and Design”, Prentice Hall, Englewood Cliffs, NJ, 1991

[Schwabe, Ross & Barbosa 96] Schwabe, G. Ross and S. Barbosa: "Systematic Hypermedia Design with
OOHDM". Proceedings of the ACM International Conference on Hypertext (Hypertext'96), Washington, March
1996

[Wirfs-Brock et. a. 90] R. Wirfs-Brock, L. Wiener and R. Wilkerson: “Designing Objed-Oriented Software”,
PreticeHall, 1990



