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Separation of concerns is a well-establi shed principle in software engineaing that uses abstradion to hide
complexity [13]. The importance of this principle increases dramaticdly as new technologies are
introduced and as oftware goplicaions and, in particular, frameworks, become more complex. Mastering
the inherent complexity in the organization and design of objed- oriented frameworks makes it necessary
for developersto ded with an increasing number of ‘ concerns' which need to be separated [11].

Current frameworks involve abasic concern and a number of spedal purpose wncerns. The basic concern
is represented by the fundamental computational algorithms that provide the essential functionality relevant
to an appli caion domain, and the spedal purpose wncernsrelate to ather software issues, such as user
interfacepresentation, control, timing, synchronization, distribution and fault-tolerance. Speadal purpose
concerns are extensions to the basic functionality that fulfill spedal requirements of the goplicaion, or
enhance, manage, or optimizethe basic dgorithm [11]. Separation of these mncerns locdi zes the different
kinds of information in the software descriptions making them easier to write, understand, reuse, and
modify.

Theidentificaion of the mncernsrelevant to a particular appli cation and the definiti on of mechanismsto
separate them has been an old challenge. As Dijkstra states: “The aucia choiceis, of course, what aspeds
to study ‘inisolation’, how to disentangle the original amorphous knot of obli gations, constraints and goals
into a set of ‘concerns’ that admit areasonably effedive separation. ...“ (E. Dijkstra, “A discipline of
programming”, 1976 last chapter).

Typicd approaches to integrate concerns into the basic concern usualy intertwine the fundamental
algorithm with the spedal concerns. However, there ae several problems that arise from this approach,
including: first, there is very littl e design or code reuse because dl concerns haveto be dedt at the same
time and at the same level; seaond, it is difficult to design, codify, understand, maintain and evolve systems
in which all the mncerns are strongly coupled.

To avoid strong coupling and promote design and code reuse, we separate the various concerns of the
frameworks through “viewpoint” concepts throughout the design process A viewpoint isaview of a
system from a suitable perspedive where we focus on a spedfic set of concerns. We auld view a
distribution system framework from a user or supplier perspedive, or from the businessrules that have
been implemented. In contrast, we could also view aframework from a structural, functional or sequencing
perspedive. Inthe first case, we ae examining the system from the functionality presented to the external
world, while in the second case, we ae examining the different relationships of the same asped of the
system.

The two types of viewpaints are cdled inter- and intra- viewpoint representations respedively. A key
consideration of viewpointsis that multi ple viewpoints must present the same system consistently. We
choose to describe aviewpoint in terms of an objed-oriented model, because of the rich constructs
provided by thisform of designlanguage. The mncepts asociated with viewpoints are still evolving. For



example, the Unified Modeling Language (UML) [8] usesintra-viewpaints, whil e the Open Distributed
Processng (ODP) Standard [14] uses inter-viewpaoints.

In order to keep the concerns separated, we use arelationship cdled ‘views-a [3, 9]. Views-a can be used
to model the mnnection between classes or components often caled ‘glue’ in the literature [7, 12]. Using
this abstradion to model glue dl ows the software developer to visualizethe asseembly operation more
clealy. Normally, the glue would be buried in a mmplex programming structure that would obscure its red
purpose.

The views-a operation has well-defined properties or semantics[3]. We charaderizethe relationship
between viewer (also cdled ADV) and viewed (also cdled ADO) objeds based on a set of primitive
semantic properties. A rigorous definiti on of such properties, which can be seen as aformal model for
gluing objed-oriented components, is provided in [3, 6].

The views-a properties include the ones shown in the following table:

Views-a Property

1. Identity
viewed and viewer have different identities
2. Cardinality

the general cardinality is m viewers for one viewed

3. Credion/Deletion

aviewed can outlive its viewers, aviewer can not outlive its views
4. Singularity/Multiplicity

aviewed can have different viewers

5. Verticd Consistency
views viewing the same state of a viewed must be consistent

6. Horizontal Consistency

aviewed and aviewer objed must be cnsistent
7. Vishility

aviewed oljea does not know its viewers

The views-a operation can be implemented in terms of one of the standard olject-oriented design patterns
[10] such asthe observer, mediator, or state. We choose the gpropriate design pattern by comparing each
design pattern with the views-a properties required in a spedfic design. For example, the observer or
mediator pattern would be chosen to implement views-aif the viewed state of an objed is changing and
consistency among the viewed and viewers must be ensured over time. We have demonstrated the mapping
of the views-a operation into different design patterns.

We propose amodel for framework development based on viewpoints that includes the following five
steps.

1. Determine the viewpaints of an applicaion through viewpoint analysis where we car see eah
viewpoint as a subframework;

2. Determinethe dasses within a subframework and the subframeworks of an appli cation that ded with
the basic and the spedal concerns.

3. Glueboth the dasses within a subframework and the subframeworks together to creae a omplete
applicaion - the glue semanticsis charaderized by the views-a operation. Pre-built components can
also be mnneded to frameworks by using this glue model.

4. Map the glue into design patterns - the required views-a semanticsis used to guide the seledion of
appropriate design patterns. Objed-oriented descriptions of the gpli cations are produced.

5. Transform the resulting objed-oriented design into “red” components - the interface ad functionality
of some components from an objed-oriented perspedive is described and the corresponding
transformations are devel oped.



We have partially tested ead of these steps by describing aspeds of several applications. First, asa
preliminary investigation, we have onsidered a cae study that dedt with the NACHOS file system. In this
case [5], there ae two viewpaints: one for concurrency and one for large extensible files. Other case studies
dedt with a processlife-cycle gplicaion [2], a Web-based education software system based on viewpoints
[1], and hypermaps [4].

We believe that our propaosed approach to component-based design can be used even when the software
developer uses ad-hoc methods. We have found through experimentation, that using some of the stepsto
analyze adesign in progress clarifies many of the design dedsionsin the mntext of separation of concerns.
Furthermore, an approac to framework development based on viewpoint concepts definitely improves the
organizaion and leads to better designed resulting frameworks.
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