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Abstract

developed in many cases without aiming to reusability.

The paper discusses the problems related to the analysis and reengineering of existing software
in order to reuse it. A process model is presented that analyzes the existing programs in

The current research, ongoin at the Department of Computer Science of the University of
Maryland, on this process model and on the CARE (Computer Aided Reuse Engineering
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1. Introduction

It is commonly agreed that order of magnitude increases in productivity and
quality can be accomplished only with an effective reuse of prior experience that
exists in the form of knowledge, processes and products.

Reuse is a very common concept in everyday life: as P.Freeman remarks, reuse is
"such a common activity, in general, that most dictionaries don’t even list it
essuming that "the intelligent reader will understand that reuse means to use
something again" [FRE 86]. We can transfer the idea from this everyday life
understanding to the context of software engineering, and define reuse as the
activity of repeatedly using existing experience, after reclaiming it, with or
without modification.

In many software engineering projects reuse is as common as in everyday life: it
is an informal or semi-formal kind of reuse in which information, techniques and
products are shared among people working on the same or similar projects.
Today software engineering research is trying to transform the informal reuse
concepts into a technology of reuse, as a basis for the future software factory.
The benefits of this transformation are evident to everyone, for both quality and
productivity as well as for manageability of the whole production process.

Problems in achieving higher levels of reuse are the inability to package experi-
ence in a readily available way, to recognize which experience is appropriate for
reuse, and to integrate reuse activities into the software development process.
Reuse is assumed to take place totally within the context of the project develop-
ment. This is difficult because the project focus is the delivery of the system:
packaging of reusable experience can be, at best, a secondary focus of the project.
Besides, project personnel are not always in the best position to recognize which
pieces of experience are appropriate for other projects. Finally, existing process
models are not defined to support and to take advantage of reuse, much less to
create reusable experience. Theyv tend to be rigidly deterministic where, clearly,
multiple process models are necessary for reusing experience and creating pack-
aged experience for reuse.

To address these problems. Basili [BAS 89] has proposed an organizational frame-
work that separates the project specific activities from the reuse packaging activi-
ties, with process models for supporting each of the activities. The framework
defines two separate organizations: a project organization and an experience fac-
tory. .

The role of the project organization is to develop the product, taking advantage
of all forms of packaged experience from prior and current developments. -n
turn, the project offers up its own experiences to be packaged for other projects.

The role of the ezperience Jactory is to recognize potentially reusable experience
and package it in 2 form that makes it easy for projects to use.



One particular function of the experience factory is the development and packag-
ing of software components. This function is performed by an organization we
call the component factory, which supplies code components to projects upon
demand, and creates and maintains a repository of components for future use.
The experience manipulated by the component factory is the pyrogramming and
application experience as it is embodied in programs and their documentation.

There are several activitjes that the component factory performs, and a set of
process models associated with these activities, In the next section we will concen-
trate on the definition 2nd integration of severa] of the process models for the
project organization and the component factory with regard to the specification
and ordering of components by the project, and the response by the component
factory.

The rest of this paper concentrates on one specific activity of the component fac-
tory, the seeding of the repository with components salvaged from prior systems.
Section 3 deals with the process model for extracting, evaluating and packaging
appropriate components from existing systems. Section 4 focuses on the current
reuse mode] for extraction and preliminary evaluation. Section 5 discusses the
automation of the process model in a system called CARE (Computer Aided
Reuse Engineering), the general architecture of this system, and its current
implementation. Section 6 presents case studies that use the current instantia-
tion of the reuse model.



2. A Reuse-Oriented Process Mode]

The process models used by the project organization are very similar to the ones
used today by software engineering projects (for instance: waterfal] model, itera-
tive enhancement model, etc.): software engineers generate specifications from
requirements and design a system to satisfy those requirements. When the com-
ponents of the system are identified, usually after the so called preliminary
design. thev are requested from the component factory.

The software objects of specific interest for our discussion are;

= Program Units: independent pieces of software that can be either com-
piled or interpreted in a given language environment: an Ada compila-
tion unit, a C translation unit, a COBOL program, a Smalltalk class,
ete.

~  Program Fragments: a sequence of statements written in a programming
language as a part of ope or more larger program units: a macro, a
block, a function, etc.

The elements of these two classes are what we call software components to
emphasize their role as building blocks of larger systems. The project organiza-
tion requests them from the component factory and, once they are obtained,
integrates them into the programs and the system that have beep previously
designed.

The project organization process model, after component integration, continues
as usual with product quality control (test, reliability analysis, etc.) and release.

The process model of the component factory is twofold [BAS 88]: on one side the
factory satisfies the requests for components coming from ‘the project organjza-
tion, on the other it prepares itself for answering those requests. This mix of syn-
chronous and asynchronous activities is actually typical of the process model of
the experience factory in general, as pointed out by Basili [BAS 89]. Let us out-
line these two parts of the process model].

When the component factory receives a request from the project organization it
looks up in its catalog of components to find a software component that satisfies
that request with or without tailoring. There are two kinds of tailoring processes
that can be applied to a software component: instantiation and modification.
Instantiation has been in some way anticipated by the designer of the com-
ponent, who associated with it some parameters in order to make it suit different
contexts. A generic unit in the programming language Ada is an example of this
kind of parametric component and of the instantiation process. Modification is an
unanticipated tailoring process. in which statements are changed, added or
deleted to adapt the component to a request. If no component that satisfies the
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request can be found in the catalog of the available components or the necessary
modification is too expensive, the component factory will develop the requested
component from scratch or generate it from more elementary components. After
a verification step the component is released to the project organization that
requested it.

The capability of the component factory to efficiently answer the requests coming
from the project organization is a critical element for the successful application
of the reuse technology. Therefore the catalog of the available components must
be rich in order to reduce the chances of development from scratch, and look up
must be easy. This is why there is an asynchronous part in the process model of
the component factory.

Some software components are produced without specific requests coming from
the project organization, developing a component production plan, generalizing
components previously produced on request from the project organization, or
extracting reusable components from existing systems. An example of a com-
ponent production plan is provided by the Booch components [BOO 87]): the
most common data structures and the main operations on them are analyzed and
implemented as Ada packages. An application oriented component production
plan can be performed analyzing an application domain with the aim of identify-
ing the most common functions; then these functions can be implemented into
reusable components, to be used by the developers. Generalization, on the other
side, is the activity that transforms a pre—existing component into a new one,
either adding more function or parametrizing it. The next sections will deal in an
extensive way with extraction and reengineering of software components from
existing systems.

The generated components must be well packaged and easily retrieved. This is
the purpose of component qualification, an activity that adds to components
functional specification, test cases and a classification based on some given com-
ponent taxonomy. There are several examples of such taxonomies. G.Booch [BOO
87], for instance, classifies the components into structures, tools and subsystems.
and uses, as classification attributes, the features related to concurrency. space
management, garbage collection and instance visiting. Prieto-Diaz and Freeman
[PRI 87] suggest a classification schema that uses facets derived from an analyvsis
of the application domain. For instance, we can represent the functionality of a
component with facets such as performed function, manipulated object, etc.; and
We can represent its environment with facets such as’ system type, functional
area, etc. A set of values for these facets provides the actual characterization of
a component in this taxonomy.

Software components so produced by the component factory are stored in a repo-
sitory from which they can be found when needed. The efficient organization of
the repository and the ease of access to its contents are a key issue for the whole
model we are outlining but we will not discuss it here [JON 88].
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Figure 1: The Reuse Oriented Process Model

The diagram contained in Fig.1 synthesizes the three parts of the model we have
described in this section.

The concepts of tailoring and generalization have been defined in the more gen-
eral context of the experience factory by Basili and Rombach [BAS 88]. As they
point out, both tailoring and generalization can be performed before knowing the
precise reuse context (off-line) or after knowing it (on-line). The right balancing
of on-line and off-line activities is very important to minimize the costs of
software development in the factory and in the process as a whole. We have
applied these concepts to the component factory using on-line component tailor-
ing and off-line component generalization.
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3. The Reuse Reengineering of Existing Programs

The development of reusable components is, in general, more expensive than the
development of specialized code because there is a cost overhead due to the pres-
ence of the component factory. In the long term there is an economic gain from
software reuse, but in the short term the cost of setting up the reuse—oriented
environment may discourage many organizations from implementing the reuse
paradigm. As we said in the Jast section, a rich and well organized catalog of
reusable components is the key to a successful implementation of the paradigm.
But this is not the case at the beginning, unless we are able to reuse code that
was developed by the organization in the past , without having reuse in mind.

Reuse of existing code appears to be a very effective way to enrich the catalog of
reusable components with a large number of items, provided that we are able to
find enough components that perform useful functions. This should be the case in
mature application domains where most of the functions that need to be used
already exist in some form in prior systems. Those systems were designed and
implemented informally reusing code. For example, rates of reuse around 60%
have been found in business applications [LAN 84].

However existing code is usually not reusable as is: it must be modified and pack-
aged for reuse. The study of this packaging can be seen as a new, growing branch
of what is called software reengineering, that domain of software engineering that
studies the cost—effective improvement of existing systems. Two types of reen-
gineering are defined here:

- reverse engineering: the target is the system itself, that can be re-designed
or simply re-documented;

—  reuse engineering: the target is another system, that is designed reusing
some knowledge, plans or products from previous ones.

Our discussion fits in the second category: we have an existing system (or
several), with its source code and documentation, which we analyze in order to
extract components that can be reused in implementing 2 new system. The reus-
able components are packaged and stored in a software repository available for
future projects.

Reuse reengineering is therefore an asynchronous activity performed by the com-
ponent factory in analyzing the existing programs. Its relevance to the activities
of the component factory is very high at the beginning, when the production of a
rich catalog of reusable components is a critical task. When the reuse process

- becomes more consolidated it becomes less relevant.

We divide reuse reengineering into two phases (Fig.2). First, we choose some can-
didates and package them for possible independent usage; then, we understand
the service they can provide and store them in the repository with all informa-
tion that has been obtained during the process. We will show that the first phase
can be fully automated. The * understanding” step, instead, has to be performed
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by an engineer with an effective knowledge of the application domain where the
component has been developed.

The necessary human intervention in the second phase is the main reason for
splitting the reuse reengineering process in two steps, when common sense would
assume searching through existing programs looking for "useful" components
first. The first phase reduces the amount of human analysis needed in the second
phase, by limiting it to those components that really look worth considering and
may be simple to understand. The second phase uses the more expensive human
resources only on this reduced amount of code.

In the 'component identification phase, program units are automatically
extracted, made independent, and measured according to observable properties
that are related to their potential for reuse. There is a great amount of discus-
sion about these properties: Prieto-Diaz and Freeman in their paper [PRI 87]
support the idea that a software component is reusable if the effort required to
reuse it is remarkably smaller than the effort required to implement a component
with the same functions. This means we need to understand in a quantitative
way the distance of the component from its potential reuse. As we will see with
more detail in the next section, we propose to perform the identification phase
using a quantitative model, made of a family of measures. We call it the reusabil-
ity atiributes model.

The identification phase consists of three steps:

1. Definition (or Refinement) of the reusability attributes model. Based upon
our current understanding of the characteristics of a potentially reusable
component in our environment, we define a set of automatable measures
that capture these characteristics and an acceptable range of values for these
metrics. The metrics and their vajue ranges will be verified against the out-
comes in the next steps, and continually modified until we evolve to a reusa-
bility attributes mode] that maximizes our chances of selecting candidate
components for reuse.

2. Eztraction of components. Modular units are extracted from existing svs-
tems and "completed" as components with all the external references
needed to reuss them in an independent way, e.g., to compile them. The
term "modular unit" is used here to mean a syntactic unit, like 2 C fune-
tion, Ada subprogram or block, FORTRAN subroutine, etc.

3. Application of the model, The extracted, completed components are meas-
- ured using the current reusability attributes model; those that pass the test,
i.e., whose measurements are within the range of acceptable values for the
model, become candidate reusable components that are analyzed by the
domain expert in the qualification phase.

During the component qualification phase, candidate reusable components
identified in the previous phase are analyzed by a domain expert. The goal is to
understand and record the "meaning” of the component while evaluating its
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Figure 2: The Reuse Reengineering

relevance and potential for reuse in future systems, and package the component
by associating a reuse—oriented specification with it. Basili and Mills have
demonstrated that it is possible to understand a program-and to associate with it
a2 formal specification [BAS 82]. The technique they use can be partially
automated and represents the kernel of the qualification phase. The packaging
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also consists of associating with the component a significant set of test cases, a
set of attributes based upon a reuse classification schema, and a set of procedures

Thus, the qualification phase consists of six steps:

4. Generation of the functional spectfication. The functional specification of
each candidate reusable component is extracted from its source code and
documentation by the domain expert. This step provides some insight into
the correctness of the component. During this process, components which
are not relevant, not correct, or whose functional specification is not easy to
extract are discarded. The reasons for discarding candidates and any
insights into assessing these problems ‘during the identification phase are
recorded and used to improve the reusability attributes mode].

5. Generation of the test cases. Based upon the functional specification and
other criteria for robustness and reliability, a set of test cases are generated,
executed, and associated with the component. Those components that do
not satisfv the tests appropriately are discarded. Again, in this step the rea-
sons for discarding candidates are recorded and used to improve the reusa-
bility attributes model, and possibly the process for extracting the functional
specification and correctness assessment in step 4. This is most likely the last
step in which a component will be discarded.

6.  Classification of the component. Each reusable component is associated with
a -classification according to a predefined set of attributes, in order to distin-
guish it from the other components and assist in its identification and
retrieval. The problems met with the taxonomy in use are reported and will
be analyzed in step 9.

~1

Development of the reuser’s manual. Information useful to the future reuser
is written in the form of a manual that contains 2 description of the fune-
tions and interfaces of the components, directions on how to instal] and use
it, information about its procurement and support, and an appendix with

structure diagrams and information for component maintenance.

8. Store. The reusable software components are stored in the repository
together with their functional specification, test cases, classification attri-
- butes, and reuser’s manual.

9. Feedback, The reusability attributes mode] is updated based upon informa-
tion from the qualification phase, by adding more measures, modifyving and
removing those measures that did not prove effective, or altering the ranges
of acceptable values. This step requires analysis and possibly even further
experimentation. The taxonomy is updated adding new attributes or
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