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Abstract

An environment to support reuse at the requirement specification level of the application development
lifecycle  is  presented.The  reuse  model  is  introduced,  and  a  methodology  for  defining  reusable
conceptual components is illustrated. Finally, the architecture of the tools supporting the reuse process
is described.
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1  Introduction

Reusability of previous artifacts is considered a fundamental aspect in the application development life cycle,
since it can shorten the development process, from the early requirements engineering to the detailed design
and implementation [4,5,20,26,31]. For what concerns reusability of software artifacts, problems related to the
identification, classification, retrieval, adaptation, and composition of components have been widely studied,
and  solutions  based  on  techniques  and  paradigms  of  the  software  engineering  field  have  been  proposed
[6,18,23,24,25]. Our research focuses on reusability of requirement specifications during the Requirements
Engineering activity of the development life cycle[10,11,16,17,22,30]. Experimentation and validation of our
approach are being performed in the framework of the Esprit  project n.6612 F3 (From Fuzzy to Formal)
aiming at defining a methodology and a software environment that integrates into a coherent whole a selection
of adequate techniques, to manage and improve the requirements engineering process.

Two separate  processes  are  required  to  enforce  requirements  reuse:  design-for-reuse  and  design-by-reuse.
Design-by-reuse is performed when a new conceptual schema is constructed not from scratch, but tailoring
reusable components retrieved from a reuse repository.  Design-for-reuse is necessary to populate the reuse
repository with reusable components, properly defined to encapsulate the domain knowledge, exploitable for
subsequently developing new applications not from scratch. The reuse-based development process requires a
reuse engineer, who is responsible for the population of the reuse repository, and several application designers,
which utilize the reuse repository (Fig.1).

The reuse engineering team defines reusable conceptual components in the form of generic components and
associated guidelines, extracted from a collection of existing application conceptual schemas, and stores them
in a  reuse  repository.  Available  components  can  then be retrieved and reused by application designers  to
specify new schemas not from scratch, but personalizing and tailoring retrieved components, according to the
suggested guidelines.

The paper is organized as follows. In Sect.2, our reuse environment is described, based on the development lifecycle
presented in Fig.1, while in Sect.3 the related research work is discussed.
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Fig. 1.  The reuse-based application development process
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2  An environment for requirements reuse

Within the F3 project, we propose models, methods, and tools to support both the design-for-reuse and the 
design-by-reuse, specifically oriented to the requirement specifications reuse problem [10,13].
In Sect.2.1 the reuse meta-model is described. In Sect.2.2 the reuse methodology is presented, and, finally, in 
Sect.2.3, the architecture of the tools supporting the proposed methodology is illustrated.

2.1  Reuse meta-model

In order to present in a systematic way the reuse model underlying both the design-for-reuse and the design-
by-reuse processes, we introduce a reuse meta-model, describing the key concepts characterizing our approach.

The reuse meta-model  has been defined using the Entity-Relationship model  [3]  to  give an integrated an
coherent description of all the needed inputs and results of the reuse environment. The reuse meta-model is
shown in Fig.2.  A reusable component is defined as a Generic Component, with an associated Guideline-
Component. Reusable components are defined by analyzing existing conceptual schemas of the applications in
a given domain. We consider a conceptual schema as a collection of (application) components, expressed in a
suitable  conceptual  model,  describing  the  entities  of  the  real  world,  their  relationships,  properties,  and,
possibly,  the  associated  processes  [3,15,32].  Schemas  produced  by  application  designers  are  selected,
analyzed,clusterized, and properly arranged inside the repository. Precisely, to each schema a set of schema
descriptors is associated [14]. In the repository, schemas are grouped by similarity levels into clusters, on the
basis of the shared schema descriptors. For each schema cluster, affinity sets are defined, grouping the most
similar schema components, that are modified and engineered into reusable components. For instance,in the
Extended  Entity-Relationship  model,  we  consider  entities  as  reusable  components,together  with  their
attributes,  their  relationships,  which  show  how  the  component  can  be  inserted  in  a  schema,  and  is-a
relationships.

In general, we assume to work within a given application domain, e.g.office domain, air traffic control domain,
banking domain, education domain. For a domain is essential to identify and define the terms frequently used
in the domain (synonyms, homonyms, and so on), to determine both schema and component similarity. Thus,
werefer to a Thesaurus as the base for all this information.
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Fig.2  The reuse meta-model



Castano - 6

2.2  Reuse methodology

In F3 we are specificallyconcerned with the design-for-reuse process. To this purpose, a reuse methodology for
the  construction  of  reusable  components  and  their  associated  guidelines  has  been  defined.  Starting  from
properly  selected  application  schemas,  common  and  similar  conceptual  components  are  identified  and
classified; from these components generic components and associated guidelines are extracted and stored in
the reuse repository.

The phases of the F3 reuse methodology are the following:

• selection of candidate schemas

• classification of candidate schemas

• selection and classification of candidate components

• design of reusable components

• assimilation of reusable components

Goals and characteristics of each phase are briefly described in the following.

During the first phase, the reuse engineer selects the schemas judged significant for both their design quality
and prospect reuse. Criteria andmetrics to evaluate the reuse goodness of a schema in a given domain are under
study.

The remaining methodological phases are based on the concept of similarity[30,22]. It is widely accepted that,
in order to be reusable, a component should be apt to be used in more than one application, possibly with
adaptations and modifications according to the specific application requirements. To minimize the required
operations of adaptation and tailoring, and to provide powerful components, similarities in different application
schemas should be identified, and commonalties abstracted into generic components. To facilitate this process,
we  identify  firstly  similar  schemas,  and  secondly  similar  components  within  similar  schemas.  The
classification  model  adopted  for  schemas  and  components  is  based  on  indexing  criteria  and  clustering
techniques, derived from the Information Retrieval area [29].

Schemas are indexed by means of schema descriptors, selected among the names associated to the schema
components,  for  their  capability  of  describing  the  schema  subject  [7,14].  Using  the  selected  schema
descriptors, the schemas are properly clusterized according to their level of similarity, giving origin to several
schema clusters inside the repository, using information retrieval clustering techniques [28,29]. 

The schema clusters constitute the starting point for defining reusable components. Selected a cluster, semantic
affinity between schema components is computed taking into accountthe structural and contextual properties of
the components (e.g.,attributes,  generalization hierarchies,  relationships).  Schema components presenting a
semantic affinity greater than a predefined threshold are grouped into affinity sets, i.e.,hierarchical structures
whose leaves are the examined components, and the intermediate nodes are numerical values expressing the
level of affinity for the corresponding components.

Affinity  sets  are  used  by  the  reuse  engineer  to  extract  generic  components,  in  that  the  properties  and
relationships common to all the affinity set members are identified and factored out into the corresponding
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generic component. For each generic component the corresponding guidelines are 
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defined, including reuse suggestions to personalize the generic componentin specific contexts. Adaptations and
modification suggestions  are given in the form of design operations, applicable to the generic component
(e.g.,refinement, specialization, aggregation operations) [15,9].

Finally,  newly created reusable components must be assimilated within the reuse repository,  to enrich the
existing reusable components and to augment their description capabilities. To this purpose, we are studying
view integration techniques to properly integrate the new components with the existing ones [2].

2.3  Reuse tools

A couple of tools characterize our reuse environment, precisely the EXTRACT tool, supporting the design-for-
reuse  process  and  the  RECAST tool  supporting  the  design-by-reuse  process,  interacting  with  the  reuse
repository, and with other tools in the F3 requirement engineering support environment ( Fig.3).
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Fig.3  Global F3architecture

The RECAST tool [1,17], developed first within the ITHACA ESPRIT project, and now under refinement to
be integrated within the F3 reuse environment, supports the design-by-reuse process. Such a tool provides a
workspace where components are graphically represented and interconnected according to composition rules
[12]. More precisely, it enforces the retrieval of reusable components from the reuse repository via browsing
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and querying functionalities, providing also guidelines to 
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tailor and compose, at various refinement levels, the retrieved components, according to given strategies and
application contexts.

The  EXTRACT tool  has  been  specifically  designed  and  implemented  to  support  the  reuse  methodology
described in Sect.2.2. In the following, its functionalities are briefly described. Basically, EXTRACT is an
interactive tool,  such as the reuse tools proposed in [30,22],  assisting the reuse engineer  in defining new
reusable components.

In  order  to  assist  the  reuse  engineer  during  selection  of  candidate  schemas,  EXTRACT will  provide  a
functionality of retrieval and selection ofexisting schemas, according to suitable reuse metrics and selection
criteria. Selection functionalities will be built on top of the browsing and retrieval functionalities provided by
the reuse repository (see [13] for further details about the reuse repository implementation).

To  properly  arrange  selected  candidate  schemas  within  the  repository,  EXTRACT  provides  a  schema
classification  functionality,  whereby  the  reuse  repository  is  populated  in  a  systematic  way.  EXTRACT
classifies reuse candidate schemas according to the following steps:

• automatic selection of schema descriptors, using the procedure detailed in [10].The reuse engineer can
adjust  in  an  interactive  way  the  threshold  value  for  descriptor  selection  according  tothe  schema
contents, and can force the inclusion of specific/meaningful descriptors, in order to improve the quality
of the  schema indexing;

• computation of the schema similarity for all the indexed schemas;

• definition of the similarity clusters, using the single link clustering technique.

Starting from the schema clusters, EXTRACT selects candidate components and classifies them according
to their semantic affinity. The following steps are performed by EXTRACT:

• pairwise semantic affinity comparisons for conceptual components that are descriptors of schemas in a
given cluster;

• automatic definition of affinity sets, using the complete link clustering technique [29] and the affinity
coefficients. The reuse engineer can examine the affinity sets, and interactively modify the affinity
threshold, to improve and/or refine their composition.

The reuse engineer can then invoke the definition of reusable components functionality of EXTRACT, to
extract  the  reusable  component  for  defined  affinity  sets.  Precisely,  EXTRACT  performs  the  following
operations:

• automatic  definition  of  a  Generic  Component,  by  considering  the  structural  properties,  and  the
contextual  properties  (relationships,  generalization  hierarchies)  common  to  all  the  affinity  set
components. The reuse engineer can interactively modify the number of affinity set components to be
considered for the commonalities' extraction, in order to refine the definition of the generic component;

• interactive definition ofreuse guidelines for a Generic Component, in form of design operations to be
applied to the generic component to adapt and tailor it to specific contexts.
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3  Related work

Several research efforts are currently in progress in the requirements reuse area. They are mainly related to the
design-by-reuse process, and most of the currently available systems provide some form of support for the
application developer, in retrieving and tailoring selected reusable components, exploiting either the analogy
paradigm,  or  the  artificial  intelligence  techniques.  In  particular,  in  [16]  a  reuse  analogy-based  model  is
proposed,  and  the  TRUE  tool  based  on  that  model  is  described,  supporting  the  reuse  of  transaction
specifications.  Starting  from  the  target  application  requirements,  a  set  of  reusable  specifications  are
retrieved,exploiting  different  retrieval  strategies,  based  either  on  analogical  reasoning,  oron  browsing  of
similar  components.  Retrieved  components  can  then  be  used  through  restructuring,  editing,  and tailoring
operations,  to  fit  the  new  requirements.  In  [22]  an  analogy  based  approach  is  proposed  for  reusing
requirements  specification,  and  reusable  specifications  are  given  in  form  of  abstract  domain  models,
supporting reuse across several applications. A prototype tool, called Ira, is described, enforcing the design-by-
reuse,  by  providing  retrieval  functionalities,  and  customization  guidance  to  tailor  the  retrieved  candidate
specifications  to  the  target  domain.  Abstract  domain  models  proposed  in  [22]  are  similar  to  the  cliché
proposed  in  [27],  where  a  tool  to  assist  the  acquisition  of  requirements  is  proposed,  based  on  artificial
intelligence  techniques  to  support  the  knowledge acquisition  process.  Acquired  requirements  are  matched
against existing validated cliché,describing the commonly occurring structures in one or more domains. In [30]
the  concept  of  similarity  is  exploited  to  allow  requirements  reuse.  Here  an  interactive  environment  is
described, where a set of tools helpapplication designers in retrieving and reusing object-oriented requirements
specifications similar to the application at hand, properly selected among the stored specifications, on the basis
of their level of similarity. In [19] an approach is proposed, to develop new information systems requirements
making use of generic  structures  properly instantiated to  the current  context,  with more emphasis  for  the
engineering process rather than the definition process of generic structures.

Our research addresses the design-for-reuse process, and we propose a constructive approach for defining
reusable components, while this aspect of reuse is sometimes given as a  de facto. We cover the problem of
repository  population,  (generally  left  open  or  dealt  with  using  examples),  by  building  reusable  generic
specifications  for  both  static  (see  [7,8,10]),  and  dynamic  aspects  (see  [11,12,13])  of  the  application
requirements, presenting generic features like those of the abstract domain models proposed in [22], and the
cliché illustrated in [27].
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