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Joint issue with NOVATICA

Presentation: Software Engineering. A Dream Coming True?

— Luis Ferndndez-Sanz

The guest editor presents the issue, that focuses on a really broad field like Software Engineering
(SE) which has been driving the evolution of software development since the late sixties of the past
century. The papers cover different areas of interest related to the application of engineering
principles to software development and maintenance. As usual, a list of useful references is also
included for those interested in knowing more about this subject.

Software Project Management. Adding Stakeholder Metrics to Agile Projects
— Tom Gilb

In this article the author offers an analysis of the implications of the new agile methods in the field
of software development.

Model-Driven Development and UML 2.0. The End of Programming as We
Know It? — Morgan Bjorkander

This paper focuses on the idea of a truly model-driven software and analyses the influence that the
new version of UML (Unified Modeling Language) is having on this process.

Component-Based Software Engineering — Alejandra Cechich and Mario
Piattini-Velthuis

This paper studies the important role that components play in the field of Software Engineering.
An Overview of Software Quality — Margaret Ross

The author reviews important issues concerning quality in software development and also deals with
the issues of users with disabilities and the influence of legislation regulating this aspect.

Lessons Learned in Software Process Improvement — José-Antonio Calvo-
Manzano Villalon, Gonzalo Cuevas-Agustin, Tomds San Feliu-Gilabert, Antonio
de Amescua-Seco, M Magdalena Arcilla-Cobidn, and José-Antonio Cerrada-
Somolinos

This paper describes the lessons learned by SOMEPRO, a Software Engineering R & D group in the
Universidad Politécnica de Madrid, in more than ten software process improvement projects.

A New Method for Simultaneous Application of ISO/IEC 15504 and ISO
9001:2000 in Software SME’s — Antonia Mas-Pichaco and Esperanga
Amengual-Alcover

The authors offer their view, based on practical experiences, of the always thorny problem of

applying best software development practices to organizations where resources are especially
limited.

Empirically-based Software Engineering — Martin Shepperd

This paper presents an overview of empirical Software Engineering and its implications for
practitioners and researchers in four areas (object-orientation, inspections, formal specification
and project failure factors.)

Software Engineering Professionalism — Luis Ferndndez-Sanz and Maria-José
Garcia-Garcia

The aim of this paper is to provide a brief overview of what goes into making up our true perception
of software engineers as specialised professionals within the field of Information Technologies.

Searching for the Holy Grail of Software Engineering — Robert L. Glass

In this article, the author defends eclecticism in development methods and the contribution that
Software Engineering should make in this respect whenever the nature of a project demands flexible
methods in order to be successful.

Free Software Engineering: A Field to Explore — Jesiis M. Gonzdlez-Barahona
and Gregorio Robles

This article analises the existing points of contact between Software Engineering and the
development of free software, and puts forward a few future lines of research in this respect.
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Component-Based Software Engineering
Alejandra Cechich and Mario Piattini-Velthuis

As Component-Based Software Development (CBSD) starts to be used effectively, building systems requires
new methodologies and processes not only for development and maintenance, but also for other lifecycle
phases that are strongly affected. For example, some software vendors have begun to successfully sell and
license commercial off-the-shelf (COTS) components, and this fact leads to a considerable number of
components being available for use. Thus, requirements engineering techniques have to change to deal with
more flexible requirements to provide a match between stakeholder requirements and COTS component’s
services. In addition to changes in activities such as composition and component specification, that are
specific to Component-Based Software Engineering (CBSE), there are also a number of managerial issues
that require change. Many of these issues are not yet established in practice or even developed. The main
goal of this article is to present some characteristics of a CBSD and discuss some of the current issues

associated with applying CBSE.

Keywords: Component-based Software Development,
component integration, component quality assessments, COTS
selection.

1 Introduction

Software systems are becoming increasingly complex
and providing more functionality. To deal with such systems,
Component-Based Software Development (CBSD) advocates
the use of pre-fabricated components, perhaps developed at
different times, by different people, and possibly with different
uses in mind [1][2]. The goal, once again, is the reduction of
development times, costs, and efforts, while improving the
quality of the final application due to the (re)use of software
components already developed, tested and validated. The disci-
pline of Component-Based Software Engineering (CBSE)
provides methods, models and techniques for the developers
and composers of component-based systems.

Components, the heart of CBSD, are defined in various ways
and from different points of view. The definition most widely
accepted considers a software component as “a software
element that conforms to a component model and can be inde-
pendently deployed and composed without modification
according to a composition standard” [3]. This definition
demonstrates the important relationship between software
components and a component model.

A Component model provides an abstract description giving
component-based application developer a uniform view of how
to build individual components as well as how components
communicate and interact with each other. Thus, component
models imply dealing with component compositions, i.e. “the
combination of two or more software components yielding a
new component behaviour at a different level of abstraction”

[3].

© Novatica

The characteristics of the composition’s behaviour are deter-
mined by the components being combined, and by the way they
are combined. A component model enables composition by
defining an interaction standard that promotes unambiguously
specified interfaces. An interface is a collection of operations
that are used to specify a service of a component. In an inter-
face the semantics of each operation semantic are specified.
This specification serves both to providers implementing the
interface and to clients using the interface. The interface of a
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component is important for the composition and customisation
of components by users, allowing them to find suitable compo-
nents and to understand their purpose, functionality, usage and
restrictions [1][3].

The use of commercial off-the-shelf (COTS) products as
elements of larger systems is becoming increasingly common-
place. CBSD is focused on assembling previously existing
components (COTS and other non-developmental items) into
larger software systems, and migrating existing systems
towards a component based approach. The impact of this
fundamental change is profound. Not only must engineering
activities such as requirements specification change, but so
must the acquisition processes and contracting strategies. Thus,
the adoption of CBSD brings with it many changes that chal-
lenge beliefs and ideas considered core to most organisations.
A COTS-Based Development comprises many facets, where
the features of each activity implicitly define the development
changes that impact the way a project team behave. The activ-
ities require developers to accept the importance of working
with components as encapsulated black boxes and not attempt
to repeatedly rebuild them. Conversely, developers building
components have to balance the goal of reuse with application
requirements looking at the changes to testing strategies
brought about by CBSE.

In short, CBSE changes the focus of Software Engineering
from the traditional requirement of system specification and
construction to requiring simultaneous consideration of the
system context (system characteristics such as requirements,
cost, schedule, operating and support environments), capabili-
ties of products in the marketplace, and viable architectures and
designs.

In section 2 of this article we present a component-based
development cycle discussing how COTS components affect

development. Section 3 then introduces some open issues on
CBSE. Conclusions are addressed in the final section.

2 Component-Based Software Development Cycle
The development cycle of a component-based system is
different from the traditional ones, i.e. the waterfall, iterative,
spiral and prototype based models. Figure 1 (from [4]) shows a
comparison between the traditional waterfall model and the
component-based development model. The different steps in
the component development process are:
1. Find components (COTS and non-COTS),
2. Select the components that are most suitable to the system,
3. Create a composed solution that integrates the selected
components,
4. Adapt the selected components so they suit the existing
component model,
5. Compose or deploy the product, and
6. Replace old versions or maintain COTS and non-COTS
parts of the system.

Gathering requirements and design in the waterfall model
corresponds to finding and selecting components. Implementa-
tion, test and release correspond to create, adapt, deploy and
replace. The first two steps — component search and selection —
are the most crucial in the component-based cycle. Non-opti-
mal component software used in the development of a system
can become extremely costly for a software organisation. Here
long-term decisions on which components will be used in a
software system are made.

Apart from the general reuse problems (selection, integra-
tion, maintenance, etc.), COTS products have their own specif-
ic problems:
¢ Incompatibility: COTS components may not have the exact

functionality required; moreover, a COTS product may not
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Figure 1: The CBSD Development Cycle Compared to the Waterfall Model (from[4])
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be compatible with in-house software or other COTS prod-

ucts.

* Inflexibility: usually the source code of COTS software is
not provided, so it cannot be modified.

e Complexity: COTS products can be too complex to learn
and to use, imposing significant additional effort.

* Versioning: different versions of the same COTS product
may not be compatible, causing more problems for develop-
ers.

Therefore, repeatable and systematic methods to assess and
select COTS software are an important issue in COTS-based
Software Engineering. The following discussion gives a brief
characterisation of COTS selection and integration.

2.1 COTS Selection

Typically, COTS evaluations consist of two phases: COTS
searching and screening (CS&S), and COTS analysis (CA).

1. CS&S. A COTS search is a set of activities that attempts to

identify and find all potential candidate components for re-
use. The search is generally driven by guidelines and crite-
ria previously defined. Some methods propose a separate
criteria definition process while others dynamically build a
synergy of requirements, goals, and criteria [5]. For exam-
ple, in the OTSO (Off-The-Shelf Option) method [6], the
evaluation criteria are gradually defined as the selection
process progresses, and are derived from reuse goals and
factors that influence these goals. The evaluation criteria
definition process essentially decomposes the require-
ments for the COTS software into a hierarchical criteria
set. Each branch in this hierarchy ends in an evaluation at-
tribute: a well-defined measurement or a piece of informa-
tion that will be determined during evaluation.
COTS screening is the method used to decide which com-
ponents should be selected for more detailed evaluation.
Decisions are driven by a variety of factors — foremost are
several design constraints that help define the range of
components. So a balance is struck, depending upon the
level of abstraction, complexity of the component, and
goals and criteria.

2. CA. As the COTS alternatives have been evaluated, the
evaluation data needs to be used for making a decision. A
COTS analysis starts, in general, from a set of ranked
COTS software alternatives where the top-ranked alterna-
tive is taken and exposed to measurement of a set of final
make-or-buy decision criteria. For example analysis can be
done by using an approach called weighted scoring meth-
od, in which criteria are defined and each criterion is as-
signed a weight or score.

In COTS selection, both phases — CS&S, and CA — are based
on requirements statements that need to be much more flexible
than traditional ones, i.e. the specified requirements should not
be so strict as to either exclude the use of COTS or to require
large product modification in order to satisfy them. Hence,
some COTS evaluations include a process to acquire and vali-
date customer requirements, while others build a selection
process based on iteratively defining and validating require-
ments.

© Novatica

2.2 COTS Integration.

Component architectures divide software components into
‘requiring’ and ‘providing’: some software components can
register the services they provide, while other components can
subscribe to and consume these services. Components are
plugged into a software architecture that connects participating
components and enforces interaction rules. Thus, architectures
mediate and regulate component interaction.

Interactions might potentially be characterised along many
dimensions, depending on the architecture they are built into.
Interactions, as part of a component model, require an accepted
component vocabulary and a set of design standards. In gener-
al, the application composer should be able to search for pat-
terns of interaction that reveal possible adaptation problems
and allow calculation of the interaction effort. For example, the
proposal in [7] presents a general classification of possible
types of mismatches between COTS products and software sys-
tems, which includes architectural, functional, non-functional,
and other issues. Three aspects of inter-component interactions
and incompatibilities are considered in this approach: type of
interacting component, layer (syntax or semantic-pragmatic),
and number of components participating in the interaction. Dif-
ferent incompatibilities have different solutions, and the classes
of problems are specific to the particular development phases.

2.3 Calculating Integration Effort

As important as determining architectural mismatching is
calculating integration effort. Decisions on CBSD investments
are strongly influenced by technological diversity: today tech-
nology is diverse and brings with it thousands of choices on
components, with their opportunities and risks. Organisations
that avoid single technologies, and implement a diverse set of
technologies and/or applications, tend to focus their invest-
ments on innovative infrastructure, which might be the basis
for new CBS. Determining the effort required to integrate com-
ponents into that infrastructure is essential to make a decision
on migrating to CBSD. However, estimation is not straightfor-
ward. BASIS [8], for example, combines several factors —
architectural mismatching, complexity of an identified mis-
match, and mismatch resolution — in order to estimate the effort
required to integrate each potential component into an existing
architecture. We should note that the BASIS approach also
includes techniques for evaluating the vendor viability and the
COTS component itself, determining a relative recommenda-
tion index for each product based on all factors.

3 Some Open Issues

3.1 Measurement and Estimation

All CBS projects require a cost estimate before actual devel-
opments can proceed. Most cost estimates for CBS develop-
ments are based on rules of thumb involving some size meas-
ure, like adapted lines of code, number of function points
added/updated, or more recently, functional density. Usually,
the qualities of the desired COTS components are not directly
measurable but are instead vague statements about like
‘acceptable performance’, ‘small size’, and ‘high reliability’.
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In spite of all that, researchers have started to define software
metrics to guide quality and risk management in a CBS by
identifying and quantifying various factors contributing to the
overall quality [9]. Metrics let developers identify and quantify
quality attributes in such a way that risks encountered during
component selection and integration are reduced.

Cost is not independent but a function of the enterprise itself,
its particular development, the solution it chooses, and the
management and availability of resources during CBS projects.
The cost of updating and/or replacing components is highly
situational and depends on the specific internal and external
factors affecting an organisation. Cost estimation should
include the cost of project management, direct labour, and
identification of affected software, affected data, and alterna-
tive solutions, testing and implementation. Some cost models
are iterative, indicating change and re-evaluation throughout
the solution stages. The most extended model on COTS inte-
gration cost — the COnstructive COTS (COCOTS) model [10]
follows the general form of the Constructive Cost Model (CO-
COMO), but with an alternative set of cost drivers addressing
the problem of actually predicting the cost of performing a
COTS integration task. Five groups of factors appear to influ-
ence COTS integration cost as indicated by the relatively large
set of drivers: product and vendor maturity (including support
services); customisation and installation facilities; usability;
portability; and previous product experience. Beside those
factors, COCOMO II model drivers such as architecture/risk
resolution, development flexibility, team cohesion, database
size and required reusability are added to produce an integral
COTS cost model. Therefore, it may provide the structure for
easy integration of multiple COTS components. But a cost
model cannot easily put aside each of the problems encoun-
tered when integrating multiple COTS. The cost model should
provide mechanisms for dealing with the more common and
more challenging problems. Some of them are as follows:

e In the migration to CBSD, we would like to exercise the
policy “Don’t throw anything away, use and reuse as much
as you can”. However, integrating existing software and
COTS components as a whole is not a trivial task and may
cause adaptation conflicts.

* Problems that occur when two or more components have the
same services with different representations.

* Problems that occur when a component has to be modelled
by integrating parts of functionality from different compo-
nents (or from other sources).

* Problems that occur when integrating two or more compo-
nents and the resulting architecture does not cover the
desired application requirements.

* Problems that occur when two or more integrated compo-
nents with different implementations fail to interoperate.

While these problems might represent mainly one-time
costs, the management-phase costs of a CBSD recur through-
out a systems life cycle. The management phase consists main-
ly of maintaining, supporting, improving, and enhancing an
organisation’s product while using the components. One of the
most important problems of the maintenance process is the
estimation and prediction of related effort. The different main-

18 UPGRADE vol. Iv, No. 4, August 2003

tenance activities may present several related aspects: reuse,
understanding, deletion of parts, development of parts, re-
documentation, etc. These aspects are relevant to all classes of
systems, including object-oriented systems and CBS. However,
one of the most important distinguishing factors in CBSD is the
separation of the interface and the implementation and hence,
component design decisions are driven by a variety of factors —
including several design constraints that help define compo-
nent’s communications.

3.2 CBSD Risk Analysis

Although the Risk Management Paradigm continues to be
useful as an overall guide to risk analysis, the majority of risk
management studies deal with normative techniques of manag-
ing risk. Software risks may come from two different dimen-
sions: (1) environmental contingencies such as organisational
environment, technologies, and individual characteristics; and
(2) risk management practices such as methods, resources, and
period of use [11].

A few studies have classified software risk items, and for
CBSD risk analysis is not the exception. These studies consider
CBSD risks along several dimensions and have provided some
empirically founded insights of typical cases and their varia-
tions. For example, the BASIS technique presented in [8]
focuses on reducing risk in CBSD by means of several integrat-
ed processes. One of the processes reduces the risk of selecting
inappropriate COTS components; another process reduces the
risk of downstream integration problems through early assess-
ment of the compatibility between a chosen COTS product and
an existing system, and finally a third process reduces risk
throughout the development lifecycle by defining built-in
checkpoints and recommending measurement techniques. Also
a vendor analysis is carried out along with the processes.

3.3 Standard Documentation

Documentation is also a key to the success of the CBSD.
High quality documentation ensures that design and implemen-
tation standards are reflected in all of the application content
built with the component. For example, a conceptual language
would help documentation by making explicit the links
between component properties and component interaction. In
general, the composer need not understand all aspects of a
CBS, but should be able to search for components that reveal
functionality for solving a specific problem using the compo-
nent. Component documentation might be extensible allowing
the composer to insert details about component adaptations di-
rectly onto a system document library or annotating compo-
nents. In addition, the system documentation should be closed
tied to the composing tools, so the selected and tailored
components are easily translated into reusable component
libraries.

Documentation should contain the information necessary to
understand all the functions stated in the specification descrip-
tion, and the user’s documentation should completely describe
all user-callable functions in the component. During the evalu-
ation it is necessary to gather information about functional fea-
tures, and other characteristics of the component; for example,
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description of the system environment, previous product
versions, customer’s support strategies, etc. Hence, documen-
tation’s quality is crucial for a correct understanding and eval-
uation of COTS, which sometimes demand a translation of
several types of vocabulary. Even some approaches suggest the
use of particular notations such as use cases or scenarios,
including essential customer requirements and customer stand-
ards, or the extension of UML (Unified Modelling Language)
diagrams with ADLs (Architecture Description Languages),
few of them particularly address documentation quality as a
main element to understand COTS components.

3.4 Testing CBSD

Black box testing techniques are characterised by focusing
tests on the expected behaviour of a software component and
ensuring that the resulting functionality is correct. In many
cases this behavioural testing is done without the aid of source
code or design documents, and it is possible to provide input
test cases and only test the outputs of the object for correctness.
This type of black box testing does not require knowledge of
the source code and so is possible to do with COTS compo-
nents. Strategies for black box testing that may be effective for
COTS components include test case generation by equivalence
classes, error guessing and random tests. These three tech-
niques rely only on some notion of the input space and expect-
ed functionality of the component being tested. With COTS
components, the user should know these facts and be able to
create test cases around them. To guide test case selection, the
operational profile of the COTS component can be used. The
operational profile identifies the criticality of components and
their duration and frequency of use. Both the operational
profile of the COTS component and the whole system must be
taken into account.

CBSD also introduces some additional challenges to testing:
components must fit into the new environment when they are
reused, often requiring real-time detection, diagnosis, and
handling of software faults. The Built-in Tests (BIT)-based
COTS technology developed within the European project
Component+ [12] makes it possible to reuse tests by applying
BIT to software components. A BIT-based COTS is a software
component whose source code includes tests as special func-
tions. This approach enables tests be embedded and reused in
the same way as that of code in COTS and bespoke components
is used, allowing producing self-testable components so that
dynamic faults may be detected at run-time.

In summary, the problem of testing component-based soft-
ware is complicated by a number of characteristics of compo-
nent-based Software Engineering. Distributed component-
based systems of course exhibit all the well-known problems
that make traditional testing difficult. But testing of compo-
nent-based software is further complicated by the fact that
different functionality is provided inside a component depend-
ing on its interfaces and state.

4 Conclusions

A component-based development alone does not guaran-
tee the success of a system, which depends on how methodol-

© Novatica

ogies, processes and techniques of a CBSE are defined and
applied. However, there are many open issues that should be
solved to provide developers with a full range of methods and
processes [5]. Some of the issues have been briefly discussed in
this article — measurement and estimation, risk analysis, docu-
mentation, and testing. Other issues are listed here:

e Component certification: Certification is the procedure by
which a third-party gives written assurance that a product,
process, or service conforms to specified requirements.
Current certification practices are highly process oriented,
and usually require early life-cycle processes stressing the
resulting software product. In this context, the assembly of
an application based on third-party developed components
does not necessarily assure defect-free software.

¢ Component configuration: One of the basic problems when
developing component-based systems is that it is difficult to
keep track of components and their interrelationships. This
problem is more severe during design and deployment phas-
es due to run-time dependencies, although requirement
specification and all other phases are also affected. Identify-
ing COTS components and their versions is now out of
developer’s direct control.

¢ Composition predictability: Predictability implies develop-
ing a technology that supports composing systems from
precompiled components in such a way that the quality of
the system can be predicted before acquiring/building its
constituents. CBSE should provide support for predicting
behavioural properties of assemblies before the components
are actually developed or purchased.

Of course, a successful component-based solution might be
produced due to the experience and skill of developers and
composers. But what we actually need is successful compo-
nent-base endeavours supported by CBSE, in which best prac-
tices can be identified. The crucial point here is how the open
issues can be met. This is still an ongoing concern.
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