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Resumo

Muitas organizações estão planejando investir ou já investiram dinheiro, tempo e recur-

sos no reúso de software. Com esse investimento, essas organizações esperam melhorar

a sua competitividade no mercado por meio da redução de custos e esforço, aumento

da produtividade e melhoria da qualidade e da confiabilidadedos produtos de software

desenvolvidos.

Um problema comum é que as abordagens de reúso nas organizações são considera-

das, normalmente, como um problema de adoção tecnológica (ambientes e ferramentas)

e de processos, que focam nos aspectos técnicos do reúso.

Neste cenário, processos de adoção de reúso - ou estratégias, modelos ou programas

- têm se destacado na área como um facilitador para obter os benefícios associados ao

reúso de software. No entanto, os processos existentes apresentam alguns problemas

cruciais, como, por exemplo, serem fortemente relacionados a tecnologias específicas;

demandarem um alto investimento inicial; além de não definirem de forma sistemática e

suficientemente detalhada as atividades, papéis, entradase as saídas de todo o processo.

Assim, este trabalho propõe um modelo de referência de reusode software para

auxiliar nos processos de adoção e avaliação da capacidade de reúso nas organizações,

baseado no estado da arte e da prática da área. Essa definição foi embasada por estu-

dos detalhados sobre processos de adoção de reúso, modelos de referência de reúso e

métodos de avaliação de capacidade em reutilização, envolvendo pesquisas informais,

estudos empíricos e relatos de empresas.

Com esta tese, pretende-se demonstrar que é possível estabelecer, para as empresas

que desejam adotar reúso, um caminho mais seguro e com menores riscos e custos do

que uma estratégia de reúso ad-hoc. Neste cenário, espera-se alcançar os seguintes ob-

jetivos: (i) aperfeiçoar o desempenho de alguns aspectos dodesenvolvimento por meio

de práticas de reúso (custo, qualidade, produtividade, competitividade da organização,

entre outros); e (ii) redução dos riscos na adoção e/ou aperfeiçoamento de um programa

de reúso, dando suporte a um processo incremental.

Palavras-chave: Adoção de Reúso de Software, Avaliação de Reúso de Software,Mo-

delo de Maturidade, Transferência de Tecnologia
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Abstract

Several companies are planning to invest, or have already invested, money, time and

resources in software reuse. Through this investment, these companies expect to im-

prove their competitiveness in the market through reduction of costs and effort, increase

their productivity and improvement in the quality and reliability in the software products

development.

A common problem is that the reuse approaches in the companies are usually con-

sidered as technological (environments and tools) and process adoption problem that

focus on technical aspects of reuse.

In this scenario, reuse adoption processes - or strategies,models or programs - have

been deployed in the area as a facilitator for the benefits associated to software reuse.

However, existing processes present some critical problems such as, are strongly related

to specific technologies; demand a high initial investment;and do not define in a sys-

tematic and sufficient detailed way the activities, roles, inputs and outputs of the whole

process.

Thus, this thesis proposes a reuse reference model to aid in reuse assessment and

adoption process, based on the state of the art and practice of the area. This definition

was based on detailed studies on the reuse adoption processes, reuse reference models

and reuse capability assessment methods involving informal surveys, empirical studies

and companies reports.

This thesis seeks to demonstrate that it is possible to establish, for companies wish-

ing to adopt reuse, a more secure way and with lower risks and costs than an ad-hoc

reuse strategy. In this scenario, this thesis wants to achieve the following objectives:

(i) improve the performance of various aspects of development through reuse practices

(cost, quality, productivity, competitiveness of the company, among others); and (ii) re-

duce risks in the adoption and/or improvement of a reuse program, by providing support

to an incremental process.

Keywords: Software Reuse Adoption, Software Reuse Assessment, Maturity Model,

Technology Transfer
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The basic difference between an ordinary man and

a warrior is that a warrior takes everything as a chal-

lenge, while an ordinary man takes everything as a

blessing or a curse.

Carlos Castaneda, American writer (1925-1998) 1
Introduction

The Software Engineering Body of Knowledge (SWEBOK, 2007) describes software

reuse as a key factor in maintaining and improving productivity and competitiveness in

the acquisition and development of software. It goes on to say that effective software

reuse requires a strategic vision that reflects the“unique power and requirements”of

reuse techniques.

The implementation of software reuse embodies more than just the creation and use

of asset libraries. The successful implementation of reuserequires its techniques to be

formalized by integrating reuse processes and activities into the overall software life

cycle. By necessity, effective software acquisition and development strategies must con-

sider the influence of reuse on overall project and organization risks and costs.

There are a number of different approaches to software reuse, summarized in Figure

1.1, based on (Sommerville, 2006).

Figure 1.1 Approaches to Software Reuse
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1.1. MOTIVATION

This thesis will goes into significant detail on how to perform reuse1, highlighting

the benefits, obstacles and challenges associated with it and mainly, an effective path

towards systematic reuse.

1.1 Motivation

For many companies systematic, large-scale reuse of software artifacts seems to be an in-

tuitively promising concept for meeting some critical needs such as, reducing cost, effort

and time-to-market of software products. The development effort is reduced by building

new application on the basis of pre-existing elements instead of developing everything

from scratch. A reduction of effort is also a reduction of cost because software cost is

normally dominated by staff salaries, and a reduction of effort may also shorten project

duration and, thus, also reduces the time-to-market of the software product (Muthig,

2002).

Implementing systematic reuse involves risk. Not doing it is also risky. Trying sys-

tematic reuse unsuccessfully can cost a company precious time and resources and may

make management skeptical of trying it again. On the other hand, if your competitors

do it successfully and you do not, it may mean the loss of market share and possibly the

loss of an entire market (Frakes and Isoda, 1994).

According to Muthig (2002), the possibility that reuse may help a company

to meet its challenges holds especially for the software product line approach

(Clements and Northrop, 2002; Pohlet al., 2005), which is a reuse approach that views a

company software system as a line of variants within an application domain (Neighbors,

1980). In fact, the software product line approach is a way to achieve a systematic reuse

performance, and to do this, its necessary a high capabilitylevel of a set of issues such

as: knowledge, culture, infrastructure, development techniques, methods, processes and

tools. In order to reach this higher capability level, that means systematic reuse, it is

needed to implement a well-defined reuse program (or strategy).

The ability to successfully implement a reuse program, which implies a careful,

strategic balancing of reuse risks and costs, can result in the following qualitative bene-

fits (Krueger, 1992; Frakes and Isoda, 1994; Lim, 1998):

• Increased dependabilitythrough reused software that has been tried and tested

in working systems;

1In this case, perform reuse is related to how the company can adopt reuse through existent methods,
processes, techniques and technologies, environments andtools
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• Reduced process risksresulting from less uncertainty in the costs of reused soft-

ware vs. new development software;

• Reduced product risksby reusing proven components (performance, quality, re-

liability) and through development consistency;

• Effective use of specialistswho develop reusable software that captures their

knowledge for all projects, not just specific projects;

• Compliance to standards, e.g., user interface standards that can be implemented

as a set of standard reusable components;

• Accelerated developmentthat allows systems/products to be brought to market

as early as possible, leveraging reductions from decreaseddevelopment and vali-

dation time through strategic reuse; and,

• Economies of scalein product-line reuse become achievable through domain mod-

els, reusable components and common environments.

The transition, however, from a traditional system-by-system development to a full

product-line organization (systematic level of capability), as described by the popular

product line methods (Bayeret al., 1999; Weiss and Lai, 1999; Kanget al., 2002) re-

quires sometimes a drastic conceptual and intellectual shift. This shift requires signifi-

cant up-front investments to change the company and to buildup the reuse infrastructure.

Moreover, only a few experience reports (Cusumano, 1991a; Bauer, 1993; Joos, 1994;

Griss, 1995a; Andrews and Blechar, 2004) have been published about this shift and, thus,

there is only little support for a company in systematicallyplanning and implementing it

(Muthig, 2002). Hence, the reuse adoption, not necessarily in a direct wayto a product

line approach, today is a big and risk endeavor that relies onthe expertise and capabil-

ities of individuals. The current situation regarding the transfer of reuse technology is

the subject of Chapter2.

Despite these obstacles, which motivate many companies to follow other approaches

that also promise to meet the reuse adoption challenges but that provide better means for

a controlled and systematic adoption, some companies stillattempt to go for systematic

reuse (Muthig, 2002). These companies believe that the shift is indeed a crucialbut

necessary step in their current situation. From a researcher’s point of view however,

such drastic and uncontrolled changes are not helpful because they do not provide data

that allow their results to be systematically analyzed. Hence, they do not contribute to

7
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the process of packaging and provide experiences on the transfer of systematic reuse

technology and, thus, also do not help in planning future transfers.

In this context, this thesis focuses on the shift, done incrementally, from a traditional

system-by-system development approach to a reuse driven development according to

levels of capability, composed byprocess areas, purposes, results andwork products.

Software reuse is analyzed to identify the essential concepts that must be transferred.

Additionally, possibilities are explored for improving the probability of a systematic and

successful transfer of software reuse technology into software development organiza-

tion, as well as for systematically collecting experience and data on their application to

support these transfers.

1.2 Contextualizing Software Reuse in this Thesis

This thesis is part of the RiSE (Reuse in Software Engineering) Labs2 (Almeidaet al.,

2004), formerly called RiSE Project, whose goal is to develop a robust framework for

software reuse in order to enable the adoption of an effective reuse program. However,

it is influenced by a series of areas, such as software measurement, architecture, quality,

environments and tools, and so on, in order to achieve its goal. The influence areas are

depicted in Figure1.2.

Figure 1.2 RiSE Labs Influences

2http://www.rise.com.br/research
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Based on these areas, the RiSE Labs is divided in several projects, as shown in Figure

1.3. As it can be seen in the Figure, this framework embraces several different projects

related to software reuse, such as:

Figure 1.3 RiSE Labs Current Projects and Directions

• RiSE Framework: Involves reuse processes (Almeida, 2007; Nascimento, 2008),

component certification (Alvaro, 2005, 2009) and the reuse adoption process

(Garciaet al., 2007, 2008a,b).

• RiSE Tools: Research focused on software reuse tools, such as the CORE (Com-

ponent Repository) (Burégioet al., 2008), ADMIRE Environment (Mascena,

2006), the Basic Asset Retrieval Tool (B.A.R.T) (Santoset al., 2006), which was

enhanced with folksonomy mechanisms (Vanderleiet al., 2007) semantic layer

(Durão, 2008), facets (Mendes, 2008) and data mining (Martinset al., 2008), the

Tool for Domain ANalysis (ToolDAy) (Lisboa, 2008) and the Legacy InFormation

retrieval Tool (LIFT) (Brito et al., 2008).

• RiPLE : It involves the development of a methodology for Software Product Lines

(Filho et al., 2008).

• SOPLE: It involves the development of a methodology for Software Product Lines

based on services.

• MATRIX : Investigates the area of measurement in reuse and its impact on quality

and productivity.

• BTT : Research focused on tools for detection of duplicated change requests

(Cavalcantiet al., 2008).
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• Exploratory Research: It investigates new research directions in software engi-

neering and its impact on reuse.

• CX-Ray: Focused on understanding C.E.S.A.R3, its processes and practices in

software development.

The Process Framework for Software Reuse Adoption practices, proposed in this

thesis, is one of the cornerstones of the RiSE Framework.

1.3 Problem Statement

Technology Insertion is the process of taking advantage of technology opportunities to

improve the performance or reduce the cost of the system by replacing existing system

components with newer technology components (DoD, 2002).

The term“technology insertion” (TI) emerged in the 90s, partially in response to

the emphasis on COTS (DoD, 2002) but nowadays it is used with varying focus in the

literature. Thus the boundaries of its definitions are evolving and it has close ties and

some overlap with all of the terms in the technology-relatedknowledge area. In some

instances, some of these terms have been used interchangeably with TI, moreover could

also include technology“adoption” , “transfer” , and“evolution” .

In the context of software reuse, important research including company reports

(Bauer, 1993; Endres, 1993; Griss, 1994; Joos, 1994; Griss, 1995a), informal research

(Payton, 1993b,a; Frakes and Isoda, 1994; Frakes and Kang, 2005; Lucrédioet al.,

2008) and empirical studies (Rine, 1997; Rine and Nada, 2000a,b; Morisio et al., 2002;

Rothenbergeret al., 2003) have highlighted the relevance of a process framework to aid

in the reuse adoption, since several companies naively associate software reuse with the

adoption of certain technologies, such as the object-oriented programming.

The software reuse literature focuses on two directions towards a systematic reuse:

Domain EngineeringandSoftware Product Lines. Although the software reuse com-

munity does not present a well-defined, standardized and known software reuse adoption

process to guide the companies to achieve this systematic reuse level, this thesis focuses

on a software reuse adoption process framework.

Existing reuse adoption processes (Griss, 1994; Joos, 1994; Frakes and Isoda, 1994;

Rine, 1997; Frakes and Kang, 2005; Lucrédioet al., 2008) present crucial problems,

such as not being independent of such technologies and startwith a high investment;

3Recife Center for Advanced Studies and Systems,http://www.cesar.org.br
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besides, they do not define clearly activities, tasks, assessment rules, constraints, roles,

inputs, outputs of each step incrementally towards a systematic reuse performance.

The problem increase when we consider Brazilian companies,with serious limita-

tions related to investment capability, market environment, competitors and the high

costs involved in a systematic reuse program adoption.

Thus, the goal of the work described in this thesis can be stated as:

This work defines and refines a reference model to aid in performing software reuse

adoption, based on a set of maturity levels, capabilities, process areas, purposes, results

and work products, mainly to micro, small and medium size companies in order to meet

their business needs. Moreover, the reference model is based on the state of the art in

the area and its foundations and elements are discussed in details.

1.4 Out of Scope

Once the proposed reuse adoption process framework is part of a broader context, a

set of related aspects will be left out of its scope. Nevertheless, as these aspects were

envisioned since the initial definitions of the framework, they can be added in future with

some adjustments. Thus, the following issues are not directly addressed by this work:

⊲ Reuse Assessment Method. We also believe that consistent and good evaluation

results can only be achieved by following a high quality and consistent evaluation pro-

cess (ISO/IEC, 2003a). A reuse assessment allows a company to understand its current

status (related to reuse practices), the benefits and costs of reuse, its alignment and influ-

ence upon business strategy and, in the case of large companies, identify company units

with high reuse potential (Lim, 1998);

⊲ Reuse Technology Improvement Management. A Technology Improvement

Management is the process of developing a planned approach to the replacement of a

legacy technology by a new one in a company (SEI/CMU, 2008). The structured ap-

proach comprises the procedures and management activitiesfor planning and monitor-

ing the transition from one organizational structure, or business process, to another when

a new technology is introduced, and it is used for efficient and prompt handling of all

changes;

⊲ Metrics. Measurement activities are essential in any process. The software reuse

metrics field is a wide road that encompasses aspects relatedto benefits in productivity,

quality, reusability and return on investment obtained with a reuse adoption program

effort, for example (Almeida, 2007). However, even with some metrics being used in

11



1.4. OUT OF SCOPE

development process, in a way of measuring some attributes of developing software

with reusable assets, there are more specific reuse metrics (Poulin, 1996) that could be

incorporated into the reference model use;

⊲ Reuse environment and tools. Reuse tools are broadly defined as those instru-

ments which facilitate the reuse of products or by products during the software life cy-

cle, including reuse libraries, application templates andgenerators which, in turn may be

categorized into compositional or generative reuse techniques. However, this aspect can

be as complex as reuse adoption, involving the definition of architectures, infrastructure,

patterns and a lot of technologies decisions;

⊲ Reuse process (Software Product-Lines Process). Reuse oriented processes rep-

resent those systematic procedures that are to be implemented in producing, brokering

and consuming reusable assets and software. However, this aspect can be as complex as

reuse adoption, involving the definition of activities, sub-activities, inputs, outputs, and

roles and is the scope of several work (Neighbors, 1980; Weiss and Lai, 1999; Muthig,

2002; Almeida, 2007);

⊲ Process Adaptation. Each company has its own software development process

and it is known that a well-defined process can bring substantial benefits. Thus, in

order to decrease the impacts and risks of a reuse adoption through a process changes

or adaptations, it is important to define how to do the tailoring for an existing process

toward a new one with some reuse practices and other improvements. Morisio et al.

(2002) show that this adaptation is a critical point in a reuse project, however this issue

is not considered in reuse processes, which can present barriers to companies interested

in adopting it;

⊲ Reengineering and Reverse Engineering Process. A difficult and often necessary

issue for a company is to reengineer systems to be reused, since most companies develop

or have developed similar systems in the same domain withoutany presence of future

reuse concern (Almeida, 2007). However, due to its complexity, this can be seen as

a sub-area or discipline of software engineering, and thereare no efforts to integrate

reengineering aspects in software reuse processes, even itbeing important. Krueger

(1992) has presented some directions in this area, but not connected to a reuse process;

⊲ Quality and Certification of Reusable Assets and Process. Quality is important

because since the end of 1980s (Bauer, 1993), companies develop and manage repository

systems with reusable artifacts. Thus, if a developer reuses an asset with defects, this

may be a future inhibitor for reuse. Additionally, to produce reusable assets, quality is

one of the main concerns in order to improve the return on investment through the cost

12
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and effort development reduction. However, the available reuse processes do not discuss,

for example, ways to test, inspect and certify the produced assets (Alvaro et al., 2007;

Alvaro, 2009); and,

⊲ Economics and Legal Issues. Business aspects are an important instrument to aid

managers to start a reuse adoption program. Economics and Legal Issues addresses the

production, brokering and consumption of reuse goods and services, where cost/benefit

analysis determines the economic worthiness of pursuing a reuse program or creating

a reusable asset finance related to the funding of a reuse program (Lim, 1998); and

accounting deals with tracking/controlling a reuse program (Nazareth and Rothenberger,

2004). Nevertheless, it is not a trivial issue. This can be verified, for example, by the

fact that no reuse adoption process has a way of addressing it.

1.5 Statement of the Contributions

As a result of the work presented in this thesis, the following contributions can be enu-

merated:

⋄ A survey on Reuse Adoption Programs and Strategies in an attempt to analyze this

research area and identify trends to follow;

⋄ An extensive survey on Reuse Maturity Models in order to understand and identify

the weak and strong points of existing maturity models;

⋄ The formalization and definition of the reuse reference model (Garciaet al., 2007)

in this thesis;

⋄ The definition, planning, operation, analysis, interpretation, and packaging of a sur-

vey with experts and a case study which evaluates the viability of the proposed reference

model.

1.6 Outline

In this introduction, the reuse adoption problem has been presented, mentioning some

success cases, industrial reports and the main problems related to this approach. Af-

ter presenting this subject in general, the main obstacles and motivation for real-world

software reuse adoption were introduced.

The Chapter2 discusses the main approaches for transferring reuse technology in

software development companies. From this discussion, requirements for a software

reuse adoption approach that may improve this situation arederived.
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Chapter3 discusses the main approaches and proposes to an effective reuse maturity

model to aid in the reuse assessment and adoption.

Chapter4 describes the reference model that captures the main reuse concepts and

practices regarding to successfully implementing a reuse program in a software develop-

ment company.

Chapter5 validates the reuse reference model against some experts inthe reuse com-

munity through a questionnaire with questions related to the organization and specifica-

tion of the model, its levels, process area, results and workproducts.

Chapter6 describes a case study conducted in private and public Brazilian companies

to evaluate the reuse reference model.

Chapter7 summarizes the main contributions of this work, identifies open issues and

questions, and discussing possible future work and research areas.

Finally, the Appendix describes in detail the RiSE Reference Model.
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Simple things should be simple, complex

things should be possible.

Alan Curtis Kay, Computer scientist (1940) 2
Reuse Adoption Programs Survey

In order to identify plausive answers and insights for the questions in Chapter1, this

Chapter presents a survey about the main research on software reuse adoption programs

(or strategies, processes, approaches, etc.), trying to establish a relationship between

them, and presents a set of requirements that should be dealtwith in an effective software

reuse adoption program, that can be used by companies as a guide to some technological

and non technological transitions towards obtaining the benefits of reuse-based software

development.

Some of these programs were designed for specific types of companies and may

not be effective in all situations. Thus, particular reuse adoption programs need to be

specified taking in account the environment, features and issues for each company.

In addition, existing literature is not rich in reports related to practical software reuse

adoption experience, but some relevant research work explore the theory of software

reuse adoption programs in academic scenarios. In this sense, this Chapter presents a

survey of software reuse adoption programs, from the middle80’s until today.

2.1 The Beginning of the Reuse Adoption Programs

A large number of strategies, models and programs have been proposed to face the reuse

adoption problem. In this section we present a survey on these approaches, with the

objective of defining a common set of requirements that should be considered in an

effective approach.

Doe and Bersoff(1986) presented an industry initiative to increase software produc-

tivity and quality. In 1983 the executive committee of a group formed by the main

aerospace companies began the studies to determine the viability to form a consortium

to deal with the relative problems at the software costs, since the problems related to
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2.1. THE BEGINNING OF THE REUSE ADOPTION PROGRAMS

the software production were (and still are today) huge and continued growing. In Au-

gust 1984 seven companies signed the understanding memo andcreated the Software

Productivity Consortium (SPC) (Pyster and Barnes, 1988).

Starting fromDoe and Bersoff(1986) work, it is possible to identify a clear concern

with the creation of an environment, composed by techniquesand tools to aid in the

productivity and quality increase, obtained through software reuse. Another interesting

data in this work is the concern of the SPC with the technologytransfer developed by

the consortium, for, and with, the companies that are part ofthe conglomerate as well

as the transfer of technological products to the members of the companies. Thus, a spe-

cial area, called Software System Engineering Area, was created. In this context, the

consortium called for a special attention for complementary programs, in terms of trans-

fer of technologies related to reuse, i.e., Software Technology for Adaptable, Reliable

Systems (STARS)1, Software Engineering Environment (SEE) (one of the six areas of

larger impact ofSTARS is the Software Engineering Environment) and theSoftware

Engineering Institute (SEI).

According to Pyster and Barnes (Pyster and Barnes, 1988) andSPC, to systemati-

cally provide support to reuse in its development process, acompany should have:(i)

tools that work together with the repository system in orderto manage and access the

reusable assets;(ii) a relevant set (library) of reusable assets of the business domain

target (or area) of the company; and,(iii) a methodology that guides the reutilization

process indicating“when” and“how” to reuse the assets to compose new assets or to

update old assets.SPCassisted these three requirements through three projects (STARS,

SEEandSEI), plus one more project of Metrics Evaluation, seeking to evaluate the reuse

viability, the cost of establishing a reusable assets repository, the cost of reusing an asset,

the cost in the development process, among other metrics.

SPCstarted with a great structure and covered the main problemsrelated to a reuse

adoption program. The problem related to Pyster and Barnes work is the strong technol-

ogy dependence and the high investment cost to start the project. Besides, it is not clear

why this project stopped or did not generated a standardizedprocess, composed by tools,

library of reusable assets, a methodology to guide reuse anda evaluation process.

Holibaughet al.(1989) outlined a life cycle for the adoption of reuse. The life cycle

consists of seven steps, beginning with business planning.At this level, company’s

goals and current business processes are examined and evaluated within the context

1Sponsored by the US Department of Defense (DoD), this program was aimed at stimulating software
technology research and development to improve development productivity for mission-critical systems
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2.1. THE BEGINNING OF THE REUSE ADOPTION PROGRAMS

of reuse. Include opportunities and plans for business in the domain; stability of the

domain-specific technology; availability of domain expertise within the company; depth

of experience in the domain; availability of resources to commit to reuse; and the ex-

pected benefit of reuse.

The second step is called life cycle and methodology. Its goal is to develop a reuse

methodology to identify, develop, and apply reusable resources. Activities in this step

include using a domain model and software architecture as a roadmap through the life

cycle; identifying reusable resources early; including reuse in each phase of the life

cycle; looking ahead for reusable components in later phases to ensure that they are used;

including reuse in planned reviews to ensure reusable assets are used; and monitoring

through code reviews.

The third step is domain analysis. In this step, activities include defining the do-

main; identifying and collecting information and resources; selecting a representation

mechanism; organizing, representing, and analyzing the information; and reviewing and

validating the results.

The fourth step, domain engineering, is concerned with producing the reusable assets

which include designs, components, and tools.

In the fifth step, library construction, a library is constructed with the goal of making

the assets easily accessible to the consumers. This includes selecting the classification

scheme and representation structure.

The sixth step, systems construction, involves the identification of reuse goals for

any system to be created with reusable assets. Metrics are also collected to measure

the achievement of these goals as well as to compare the use ofreusable assets against

development without reusable assets.

The seventh and final step involves feedback results to the previous steps. This is

done through the collection and analysis of data from each life cycle phase. Such analy-

sis identifies the impact of reuse on factors such as quality,personnel, and schedules.

The main problem in theHolibaughet al.(1989) work, is the fact that it is mandatory

to the company the migration to a systematic reuse level and this maynot be the best

solution. Some companies, because of the specific issues of their environment, structure

and business domain, do not need to go towards a systematic reuse level. It must be

possible to go to a better level of reuse capability, but not necessarily the highest one.

An important work was developed byApteet al. (1990), who present their expe-

rience in the design and implementation of a strategy for a bank information system,

based on reuse concepts. According to Apte et al., the experience with the implemen-
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tation confirmed that applying the reuse concepts in all software development life cycle

stages results in strategic and operational benefits. The strategic benefits are: increase in

the engineers’ productivity and considerable improvementin time-to-market. The opera-

tional benefits include the reduction and control of the costs in the systems development

and maintenance. In terms of investment in the reuse strategy, the bank invested about

$1 million in five years. On the other hand, the benefits reached in this same period, in

costs avoided, were approximately $2 millions, with an annual saving of $1.5 million

only in 1989.

Through Apte et al.’s work, some inhibitors for the reuse adoption were iden-

tified, where the main factors were the lack of an effective strategy of reuse

(Biggerstaff and Richter, 1987) and the lack of support of the companies management,

that can influence in the project managers and engineers’ resistance (Tracz, 1987). In

agreement withApteet al. (1990), the largest challenge is not technical but adminis-

trative. To persuade the managers and engineers to“buy” the reuse idea involves im-

plementing a change in the traditional practices of work. That change should not be

automatic and it is more probable to fail for a lack of companymanagement commit-

ment or for the lack of the engineers’ interest than for technical reasons. One of the

main success factors pointed by Apte et al. was the construction of a consistent software

development environment to store and maintain all of the reusable assets.

Starting from his experience and the best features of four success cases, Prieto-

Díaz defined an incremental model for the implementation of software reuse programs

(Prieto-Díaz, 1991). The approach was practical, effective and with potentialto turn

reuse into a regular practice in the software development process. Prieto-Díaz also

pointed out the support of the high administrative management as one of the main fac-

tors for the success in reuse programs, because those programs demanded changes in the

way software is developed.

One of the most interesting features in Prieto-Díaz’s modelis the definition of an

essential organizational structure for the success of the program, containing teams for:

assets management; assets identification and qualification; assets maintenance; develop-

ment; support to the reuse program through consultancy and training; and classification

of the assets in the repository system. This list defines the basic roles in the reuse pro-

gram.

Buxton and Malcolm(1991) provide a generic high-level model not specifically for

reuse but relating primarily to the transfer of software process technology. They noted

that in software development, a company faces“two innovation issues at the same time:
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the introduction of software technology into well established products and the potential

introduction of software engineering techniques”. This observation clearly applies to

software reuse.

The Buxton and Malcom’s view of the phases that take place within a company

involved in technology transfer include:(1) awareness;(2) assessment and choice;(3)

adoption for real use; and,(4) assimilation into a new organizational orthodoxy.

In the awareness phase, they point out that awareness of new technology may begin

with management or a new technologist who assumes the role ofa “gatekeeper”person

who stays in touch with new developments and plays a key part in the identification of

promising technologies.

In the assessment and choice phase, the gatekeeper chooses the plausible new tech-

nology and advances with a“demonstrator” (pilot) project. If the pilot project is suc-

cessful, the adoption for real use phase is pursued. This phase, which is the“first real

application of the new technology”will meet the greatest resistance from personnel. Top

management must take a proactive role and provide the necessary resources. Training

for all personnel is crucial for this phase. The final phase occurs only after the technol-

ogy has been used successfully. Education gradually takes place as an apprenticeship

within the normal working environment.

Buxton and Malcom believe that in order to a technology to be transferred success-

fully, it must be visible and its value to the company must be quantified. The problem in

Buxton and Malcom work is the lack of information in the activities, tasks, roles, inputs

and outputs descriptions. Some transitions among the stepsare not clear as well as some

roles and their respective responsibilities in the process.

Caldiera(1991) describes a four-step process for use in a domain factory for im-

plementing reuse: plan, execute, analyze and formalize. These steps are described as

follow:

1. Plan: (i) Characterize the domain and the environment;(ii) Set the goals and re-

fine them into a measurable form;(iii) Choose the execution process model, the product

models, the application engineering environment, and the associated control measure-

ment.

2. Execute: (i) Supply the domain specific units to the project organizationand

perform or support their adaptation;(ii) Control the process while executing, using the

chosen measurement (the process during its execution is controlled by both the project

organization and the domain factory);(iii) Provide immediate feedback on the process

to the project organization.
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3. Analyze the results and compare them to the goals defined in the planning phase.

4. Formalize:(i) Synthesize the results into new process and product models,qual-

ity models, measurements, etc., or updates of the existing ones;(ii) Package processes

products and experience into domain-specific units.

2.2 The Second Age of the Reuse Adoption Programs

After the first age of work intended to specify an effective way to adopt reuse, the second

age starts with more mature strategies, well-defined and evolved from the first work.

In November 1992, theWorkshop on Institutionalizing Software Reuse (WISR) was

helded and Creps presented theSTARSConceptual Framework for Reuse Processes

(CFRP) (Creps, 1992). CFRP was developed by theSTARS project (Davis, 1991;

Payton, 1993b,a) aiming to define a context taking into account software development

processes related with reuse, their inter-relationships,compositions and integrations

among themselves and among processes not related with reuse, to form reuse-oriented

life cycle process models. The main elements ofCFRPare two processes:(i) Reuse

Management, focused on planning processes, managing and learning about reuse inside

the company; and(ii) Reuse Engineering, focused on the processes involved in creat-

ing, maintaining and using reusable assets.CFRPdefines how those languages and their

constructions, family and categories of processes are linked together, and provides a se-

ries of rules to compose those elements, facilitating the plan and the process of reuse

adoption in a company.

The lack of guides to evaluate the current company situationand to aid in plan-

ning the target situation and practices to be implemented isthe main problem inCFRP.

Besides, the lack of information, mainly in the roles and responsibilities for the steps

transition in the framework make it difficult its application.

Bongardet al. (1993) describe a four step strategy for introducing software reuse.

The first step, called“Feasibility study for reuse introduction”, is responsible to:

(i) study current software practice;(ii) identify and estimate the reuse potential;(iii)

evaluate return on investment; and,(iv) propose an implementation plan.

The second step,“Preparation for reuse introduction”, is responsible to:(i) select

or adapt methods and tools;(ii) modify organizational structures for reuse; and,(iii) get

personnel involved.

The third step,“Introduction of reuse to the company”, is responsible to:(i) de-

fine generic architectures;(ii) select and build reusable components;(iii) instruct and
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motivate personnel; and,(iv) assist developers.

The fourth and last step,Tracking of the reuse introduction process, is responsible

to: (i) measure benefits;(ii) evaluate reuse behavior; and,(iii) correct and improve reuse

behavior.

In Bongardet al. (1993) work, some issues are not clear, such as how to estimate

the reuse potential and evaluate the return on investment. The proposition of an imple-

mentation plan also requires more detailed information. The steps need more detailed

information to guide its application.

In spite of the great amount and variety of methods that detail the systematic soft-

ware reuse process, as presented in this section, very few companies can materialize the

promises made by the technology and their advocates.

Sherifet al. (2006) presented an economical view for the systematic software reuse

implementation in the companies and described that the success of systematic reuse

will depend on the change of resources between the developers and users of reusable

software. Organizational incentives to promote the development and the use of software

reusable assets may or may not be needed, depending on the perceptions of developers

regarding the availability of resources. Sherif et al. developed a model for the systematic

software reuse and tested it using collected data of four different reuse programs in three

multinational companies.

Sherifet al.(2006) economic model allows studying the organizational dynamics be-

hind the systematic software reuse in the companies. The analysis of the model reveals

that allocation of resources to build a reuse infrastructure is important to motivate devel-

opers to exert the required additional efforts. Contrary towhat has been proposed in the

reuse literature, the work suggests that huge investments are not always necessary for

the success of reuse. By prioritizing and allocating resources to those areas, which have

been identified as critical reuse success factors, a companywill not only make a difficult

reuse scheme feasible but also improve the outcome of reuse adoption that will be ac-

ceptable to all divisions. Thus, an economic view to resource allocation can significantly

and positively affect the plans of a reuse program in a company.

The contributions of this study are multifold. In the literature area, no other study

has applied exchange economics to explain how insufficient resources allocated to the

systematic software reuse program can lead to the collapse of the program. Sherif et

al. proposed a useful perspective, strongly grounded in literature and theory, on how the

problems inhibiting systematic software reuse implementation are indeed a function of

resource allocation decisions and resource management initiatives.
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The applicability of the proposed model was tested in companies that are prominent

advocates of systematic software reuse. Besides, the studywas not just restricted to

studying companies where systematic software reuse has been successful, in this work

Sherif et al. included one case where systematic software reuse adoption failed to obtain

insights regarding the applicability of the proposed conceptual model.

Llorenset al. (2006) proposed an incremental approach, with low costs, to reuse

adoption based on artifacts retrieval by content calledIncremental Reuse Method (IRM),

founded on incremental adoption to allow costs reduction, which can solve severe obsta-

cles to introducing software reuse, allowing their application in several companies.

IRM minimizes these obstacles in order to offer an attractive set of conditions for a

company“jump into” reuse, such as:(i) it must be possible to introduce reuse based on

the argument that investment should be minimal, almost zero; (ii) the reuse introduction

must not impact the internal software development process;(iii) reuse introduction does

not have to imply heavy training;(iv) it must be possible to introduce reuse incrementally,

the artifacts from the finished projects become the reusableartifacts for the new ones;(v)

the software reuse process must be robust against business dynamics (domain changes);

(vi) return on investment does not have to be the most important decision factor, the

companies should be able to consider other criteria such as well quality improvement

issues, time to market, among others.

The reuse community agrees (Rine, 1997; Morisio et al., 2002; Lucrédioet al., 2008)

that characterizing reuse with adoption processes is a clear sign of progress towards mak-

ing reuse a natural part of development. As showed in this survey, we have some expe-

riences and projects about reuse adoption strategies and programs. However, the com-

panies are still afraid of adopting a reuse program because there is not a strategy widely

accepted, the need of high initial investment, the high risks and there are uncertainty in

return on investment. Thus, through this survey we identified the main requirements,

or features, of some reuse adoption models or programs to specify an effective reuse

program adoption, that will be presented in the next section.

2.3 Summary of the Study

Figure2.1summarizes the timeline of research on the software reuse adoption programs

area, where the dotted line marks the main change in this research area, from 1986 to

2007. Besides, the main works are marked by an“X” .

We divide the research area in two ages. The first age,Beginning of the Reuse Adop-
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Figure 2.1 Research on software reuse adoption programs timeline

tion Strategies, was characterized by the first efforts on this field. The strategies was

built according to the needs of the companies, strongly defined in terms of the compa-

nies environments, technologies, languages and business domain. This decision makes

it difficult the replication of the strategies in a second initiative.

The Second Age of the Reuse Strategies tries to increase the abstraction level towards

a framework of techniques, methods and tools to specify the principles and foundations

of a generic reuse adoption strategy. The reports and initiatives in this age is more mature

and well-defined and are also based in lessons learned from the previous initiatives.

Besides, today the engineers and researches face a lot of obstacles to implement

these strategies because each case has unique needs. For Brazilians companies, the prob-

lem is bigger, mainly related to the financial issues, constraints related to capabilities

in software reuse or other technologies direct related to software reuse and software

engineering. In this sense, the association of a reuse adoption program with another

improvement program, i.e. quality improvements, can be a good choice.

Figure2.2 show the relation among the reuse adoption programs described in Sec-

tions2.1and2.2and the main requirements, identified by the analysis of these relation

among the works presented, towards an effective reuse adoption program in the survey.

In Figure2.2, each column corresponds to a report, cited before, and eachrow corre-

sponds to a requirement.

As it can be seen, some of the identified requirements were partially addressed by

the presented works. However, other requirements have established themselves as a

standard for reuse adoption programs. Both cases will be discussed in detail in the next

section.
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An Economic Model O O

Reuse-Based Software Development Methodology O X O O X O X

X - Treated O - Partially treated

Figure 2.2 Relation among the reuse adoption programs and the main requirements

2.4 Requirements for a Reuse Adoption Program

Despite all these advances in different ways, reuse adoption programs (models, strate-

gies or approaches) are still not being widely used. In fact,an efficient (well-defined,

specified in details, with activities, roles and artifacts)reuse adoption program has not

been presented yet, and the industry still waits for a good solution, which addresses the

real, company-wide issues, not only particular aspects of reuse such as specific technol-

ogy changes (to choose some tools or methods). Although there are still some issues to

be solved within particular aspects of reuse, there is not a defined reason for the absence

of an efficient reuse adoption program. Hence, this section presents some features and

requirements for a reuse adoption program, including ideasthat are present in the work

covered by this survey.

The proposed framework contemplates both technical and non-technical organiza-

tional factors or elements that could be requested to establish a software reuse program

in companies. According to some relevant work in the area, the technical elements are

(Frakes, 1993; Griss, 1995a; Lim, 1998; Rine and Nada, 2000a; Morisio et al., 2002): (i)

software development for/with reuse (methods) process: domain design, product line
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approach, common architecture, quality control, component certification and better de-

velopment practices;(ii) techniques: component-based development, object-orientation,

design, architectural and security patterns; and(iii) technologies (tools and/or environ-

ments) that support software reuse: Computer-Aided Software Engineering (CASE)

tools, Integrated Development Environment (IDE), reuse tools (code search mechanisms,

features design, component managers) and common interfaces for interoperability (Com-

mon Object Request Broker Architecture (CORBA), Remote Method Invocation (RMI),

Open Services Gateway initiative (OSGi)) and Commercial Off-The-Shelf (COTS). Or-

ganizational elements include reuse program management, market analysis, financial,

marketing and training forecasts.

To implement a reuse adoption program, first of all, the company Chief Executive

Officer (CEO) or Top Manager should be convinced that reuse can be a good way for

the company to improve the time-to-market, quality and reduce costs. It is necessary

because they will send this message to all the company. It happens often in quality

programs, for example (Sommerville, 2006).

In addition, all the company should understand and believe in this idea, i.e., the

culture should be spread from project managers up to software engineers. Otherwise,

this effort cannot work properly. But just understand and accept the idea is not enough.

It is mandatory to train the necessary staff to introduce reuse. In some cases, people need

to know what can help, what are the available techniques, tools and metrics. With people

convinced/motivated and trained, it is the first sign to havesuccess in a reuse plan. It is

necessary for the reuse team as well as for theCEObecause he/she should show clearly

the steps to introduce reuse, the milestones, the risks, thecosts, the benefits, i.e., he/she

should show that the approach is systematic with a defined begin-end cycle.

So, in this path, a pilot project based on a specific domain or not should be consid-

ered to show it. This pilot should have a plan to address whichare the application to be

analyzed in the company (what is common and variable, profileof the developed soft-

ware), the changes or adaption in the current process, otherdata to be collected, define

somespecifictools and track the pilot. This working well is time to analyze the pilot,

understand the problems and strong points, learn with the process, present the results to

the sponsors, and spread it for more areas in the company.

Thus, after this overview of guidelines for reuse adoption,we establish some impor-

tant requirements and goals for the framework application:

It should start with a very small initial investment : in order to encourage the

management staff of the company, the adoption process should start in a small scale to
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collect the first benefits from reuse and show the indicators that the program is in the cor-

rect direction and with few impact at the organization (Caldiera, 1991; Rine and Nada,

2000b);

Reduce the risks to adopt and improve a reuse program: the framework should

provide ways to reduce the risk in adopting new technologiesor changes in the organi-

zational structure (Nazareth and Rothenberger, 2004). An effective solution to do this is

a model that supports an incremental approach (Caldiera, 1991; Bongardet al., 1993) to

make the necessary organizational changes and technological transfer, measuring, ana-

lyzing and re-planning each step towards the implantation of systematic reuse in a com-

pany;

Encompass technical and non-technical aspects of reuse: reuse is not only the

technical aspects, related with technological changes or transfer, neither related to the

adoption of a set of tools nor to an environment. Other non-technical aspects should

be considered, such as changes in the organizational structure, management and re-

lated to the engineering team, such as cultural changes through training and workshops

(Frakes and Isoda, 1994; Morisio et al., 2002; Lucrédioet al., 2008).

Providing steps and implantation strategies: the reuse adoption should be guided

by a maturity reference model (Rine and Nada, 2000b) and the implementation should

be systematic, for each phase or step, providing guidelines, goals, inputs (if any), outputs

and an approach to achieve the goals (Prieto-Díaz, 1991; Muthig, 2002).

Establish a common reuse terminology: in order to promote a better communica-

tion and interaction among all stakeholders involved in thereuse reference model (Davis,

1993a; Rine and Nada, 2000a), it is necessary to define a taxonomy (or dictionary) con-

taining the vocabulary used in the program, related to the processes, technologies, meth-

ods, tools and to the cultural aspects, such as training (Rine, 1997; Morisio et al., 2002).

Be generic with respect to particular domains, technology,and organizational

structure: the reuse reference model should be as generic as possible,and should not

be influenced nor addressed to a specific domain, in order to promote its industrial usage

(Rine, 1997; Morisio et al., 2002).

Policy, process, and cultural issues: the reuse adoption program should have

reuse-friendly reference policies, data rights, licensesand should observe possible le-

gal obstacles with the reuse of assets in different projects(Rine and Sonnemann, 1998;

Nazareth and Rothenberger, 2004; Sherifet al., 2006).

Knowledge and skill issues: the reuse adoption program should consider the produc-

tion and use of a reusable asset (from all phases of the software development lifecycle)
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catalog, should promote the creation of a reuse community inthe company to share con-

tacts, knowledge, and the use of discussion forums and community support mechanisms

(Prieto-Díaz, 1991; Rine and Sonnemann, 1998).

Funding and resource alignment issues: the reuse adoption program should be

attempted with the reuse enhancement, publication and support funds considering cross-

project support mechanisms and asset harvesting tools (Nazareth and Rothenberger,

2004; Sherifet al., 2006).

Reliability and uncertainty issues: the reuse adoption program should consider the

reusability assessment (Davis, 1993b) and assurance tools, to assist the measure and the

use of reuse-based metrics (Poulin, 1996) to promote and publish the benefits with reuse

and the use of reusable asset assessment tools.

An economic model: explain the real benefits and costs of software reuse,

and offer a method to software development companies to analyze their situation

(Pyster and Barnes, 1988).

Reuse-based software development methodology: A common methodology that

states when and how to apply reuse libraries (assets) to compose new software project

parts and updates old ones.

2.5 Summary of this Chapter

This Chapter presented the main principles about software reuse adoption and the issues

and steps needed fo an effective incremental process to reuse adoption. It also presented

the main efforts towards an effective software reuse adoption model, both in academy

and industry environments. As shown, this is still an immature area, thus there is a lack

of detailed information on“how to introduce reuse in companies”and some research

is needed in order to acquire the reliability that the companies expect from the software

reuse community. Additionally, based on these works, a set of requirements was identi-

fied in order to achieve the goal to construct a particular software reuse adoption process

framework.

Next Chapter presents the state of the art on the software reuse maturity models high-

lighting their origins, principles, issues, features, andrelationship with reuse practices.
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The most beautiful thing we can experience

is the mysterious. It is the source of all true

art and science.

Albert Einstein, Physicist (1879-1955) 3
Reuse Maturity Models Survey

Several reuse models have been proposed after the Software Engineering Institute (SEI)

introduced the first cost model for software reuse (Holibaughet al., 1989). According to

Lim (1998), a reuse maturity model is a set of stages through which an organization pro-

gresses. Each stage possesses a certain set of characteristics and brings the organization

to a higher level of work product quality and productivity.

A maturity model specifies progressively higher levels to which companies could

aspire so that the resulting outcome would be increased quality, productivity and other

desired outcomes in the companies output. Because of the widespread interest in the Ca-

pability Maturity Model (CMM) and the Brazilian Software Processes Improvement1,

from portugueseMelhoria de Processos do Software Brasileiro (MPS.BR) (SOFTEX,

2009a), some companies have been attempting to determine the relationship between

these models and software reuse, towards a way to improve, atthe same time, the pro-

ductivity and the quality of the software development process.

This Chapter presents a survey about the main efforts both inacademia and industry

on software reuse maturity models, including the relationship between the Capability

Maturity Model Integration (CMMI), MPS.BRand the reuse activities.

3.1 Background on Maturity Models

Software is an integral part of information technology area. There is a proliferation of

standards, procedures, methods, processes, tools and environments for developing and

managing software. This proliferation has created difficulties in software management

and engineering, specially when integrating products and services. The software disci-

1In the case of Brazilian companies
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pline needs to migrate from this proliferation to a common framework that can be used

by practitioners to“speak the same language”when creating and managing software.

In this context, but not directly related to reuse adoption model, the International Or-

ganization for Standardization (ISO)/International Electrotechnical Commission (IEC)

12207 standard (ISO/IEC, 2008a) was created, to aid the companies in their software

development process.

The standardISO/IEC 12207 - Software Life-Cycle Process (ISO/IEC, 2008a) offers

a framework for software life-cycle processes from conceptthrough retirement.ISO/IEC

12207 provides a structure of processes using mutually accepted terminology, rather

than dictating a particular life-cycle model or software development method. Since it is

a relatively high-level document, it does not specify the details of how to perform the

activities and tasks comprising the processes.

ISO/IEC 12207 was first published on 1 August 1995 (ISO/IEC, 1995) and was the

first International Standard to provide a comprehensive setof life cycle processes, activ-

ities and tasks for software that is part of a larger system, and for stand alone software

products and services. This International Standard was followed in November 2002 by

ISO/IEC15288 (ISO/IEC, 2008b) which addressed system life cycle processes.

The ubiquity of the software meant that the software and its design processes should

not be considered separately from those systems, but be considered as an integral part

of the system and system design processes. TheISO/IEC 12207 Amendments in 2002

ISO/IEC(2002) and 2004ISO/IEC(2004a) added process purpose and outcomes to the

International Standard and established a Process Reference Model in accordance with

the requirements ofISO/IEC 15504-2 (ISO/IEC, 2003a).

The revision of the amendedISO/IEC 12207 is an initial step in the ISO committee

responsible to develop ISO standards in the area of Softwareand Systems Engineering

(SC7)2 harmonization strategy to achieve a fully integrated suiteof system and software

life cycle processes and guidance for their application.

This revision integratesISO/IEC 12207:1995 with its two Amendments and ap-

pliesSC7guidelines for process definition to support consistency and improved usabil-

ity. Project execution was carefully coordinated with the parallel revision ofISO/IEC

15288:2002 to align structure, terms, and corresponding organizational and project pro-

cesses.

The Institute of Electrical and Electronics Engineers (IEEE) Std 12207:2008 and

2ISO committee responsible to develop ISO standards in the area of Software and Systems Engineering
(SC7) URL: http://www.jtc1-sc7.org/
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IEEE Std 15288:2008 are identical toISO/IEC 12207:2008 andISO/IEC 15288:2008.

Therefore, all references toISO/IEC 12207 orISO/IEC 15288 apply equally to their

IEEE counterparts.

Since the Amendment 1 (ISO/IEC, 2002), the standard includes a set of organiza-

tional processes focused on programs for reuse, from theIEEE 1517 International Stan-

dardIEEE (2004), such as:

• Asset Management Process;

• Reuse Program Administration Process; and,

• Domain Engineering Process.

The integration of these processes in new versions of the Standard highlights the im-

portance and concern of the software community with the theme, to consider it not only

as a technique associated with the options of the life cycle,but asessential processes

in software development. However, theIEEE 1517 - Software Life Cycle Processes

- Reuse Processes is intended to describe reuse processes and relate them to the soft-

ware lifecycle processes, defined inIEEE/Energy Information Administration (EIA) Std

12207.0-1996 (similar toISO/IEC 12207).

The purposes of theIEEE1517 standard are to:

• Establish a framework for practicing reuse within the software life cycle;

• Define the processes, activities, and tasks that are neededto perform and manage

the practice of reuse in a single software project, across multiple software projects,

and across an organization;

• Facilitate communication between software acquirers, suppliers, developers, reuse

program administrators, asset managers and domain engineers, by providing a

common understanding of reuse and by standardizing reuse terminology;

• Integrate reuse processes, activities, and tasks with thesoftware life cycle pro-

cesses described inIEEE/EIA Std 12207.0-1996.

The reuse life cycle framework has processes that can be employed to(i) develop,

operate, and maintain systems and software products with assets and(ii) develop and

maintain assets.

The IEEE 1517 standard specifies the software life cycle processes, activities, and

tasks that are required to practice reuse. They fall into thefollowing four reuse cate-

gories:
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• Development, operation, and maintenance of software products with assets;

• Development and maintenance of assets;

• Management of the practice of reuse;

• Management of assets.

Moreover, theIEEE 1517 standard uses the software life cycle framework that isde-

scribed inIEEE/EIA Std 12207.0-1996 as the foundation for describing a software life

cycle that includes the practice of reuse. Reuse processes,activities, and tasks are inte-

grated into theIEEE/EIA Std 12207.0-1996 software life cycle framework, as depicted

in Figure3.1.

Figure 3.1 Structure of IEEE Std 1517-1999 within the 12207 framework;and framework for
reuse life cycle processes (IEEE, 2004)

Based on theISO/IEC 12207 standard (ISO/IEC, 2008a), Software Engineer-

ing Institute (SEI) develop the Capability Maturity Model Integration (CMMI)

(Chrissiset al., 2004). CMMI is a process improvement approach that provides com-

panies with the essential elements of effective processes.CMMI best practices are pub-

lished in documents called models, which address differentareas of interest. There are

three areas of interest covered byCMMI models: Development, Acquisition and Ser-

vices.

CMMI exists in two representations: continuous and staged. The continuous repre-

sentation is designed to allow the user to focus on the specific processes that are consid-

ered important for the organization’s immediate business objectives, or those to which
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the organization assigns a high degree of risk. The staged representation is designed to

provide a standard sequence of improvements, and can serve as a basis for comparing the

maturity of different projects and companies. The staged representation also provides

for an easy migration from the Capability Maturity Model forSoftware (SW-CMM) to

CMMI (SEI/CMU, 2008).

The current release ofCMMI3 is Version 1.2 and there are three models available:

• CMMI for Development (CMMI-DEV), Version 1.2 was released in August 2006.

It addresses product and service development processes.

• CMMI for Acquisition (CMMI-ACQ), Version 1.2 was released in November 2007.

It addresses supply chain management, acquisition, and outsourcing processes in

government and industry.

• CMMI for Services (CMMI-SVC), Version 1.2 was released in February 2009. It

addresses guidance for delivering services within organization and to external cus-

tomers.

• CMMI Product Suite (includes Development, Acquisition, and Services), Version

1.3 is expected to be released in 20104.

Regardless of which model an organization chooses,CMMI best practices should

be adapted to each individual organization according to itsbusiness objectives. Other-

wise, companies cannot beCMMI “certified” . In CMMI, an organization is appraised

(e.g., using an appraisal method like Standard CMMI Appraisal Method for Process

Improvement (SCAMPI) (SEI/CMU, 2006b)) and is awarded a 1-5 level rating or a ca-

pability level achievement profile. The result rating of an appraisal can be published if

authorized by the appraised organization.

The goal of theCMMI project is to improve the usability of maturity models by

integrating many different models into one framework. It was created by members of

industry, government andSEI. The main sponsors included the Office of the Secretary

of Defense (OSD) and the National Defense Industrial Association.

Since 1991, CMMs have been developed for several disciplines (Software Engineer-

ing, Management and Development of Work Force, Integrated Development of Process

3CMMI is the successor of theCMM or SoftwareCMM. CMM was developed from 1987 until 1997.
In 2002,CMMI Version 1.1 was released. Version 1.2 followed in August 2006.

4CMMI Version 1.3 – Plans for the Next Version: http://www.sei.cmu.edu/library/abstracts/news-at-
sei/cmmiinfocus200904.cfm, accessed in September 2009
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and Product). Although these models have shown their utility, the use of multiple mod-

els turned out to be problematic.CMMI appeared to solve the problem of using some

models and is the result of the evolution ofCMM (Paulket al., 1993), System Engineer-

ing Capability Model (SECM) (Curtiset al., 1995) and Integrated Product Development

Capability Maturity Model (IPD-CMM) (SEI/CMU, 2002). Moreover, theCMMI frame-

work was developed to be consistent and compliant with theISO/IEC 15504ISO/IEC

(2003a, 2004b, 2003b,c, 2004c).

The model consists of five levels, where each level builds upon the previous one. A

mature process indicates that the set of activities to develop software are linked and man-

aged to consistently yield high-quality software within cost and schedule constraints.

In late 90’s,Lim (1998) affirmed that researchers and practitioners have not accorded

on the relationship between reuse andCMMI.

In fact, reuse can be practiced at multiple levels inCMMI. However, the benefits of

reuse progressively increase as reuse is practiced at higher levels ofCMMI. The practice

of reuse at the lower levels may not result in a net benefit. Forinstance, an organization

that performs reuse at the lower levels with a defect-prone software development process

will propagate reusable assets with defects. Some benefit may be experienced from

not having to create similar functionality (which may be equally defect-hidden), and

having to fix a defect only once. However, this benefit is offset by the likelihood that the

reuse process itself is equally unsystematic and, therefore, the fixes may not be done or

delivered properly (Lim, 1998).

Lim (1998) states that reuse implemented at the higher-levels ofCMM, andCMMI

too, however, will result in propagating high-quality assets. Both the development and

reuse processes would be more systematic. Reuse will further improve the quality of

the software asset by affording greater resources to be invested in the design and testing

of the assets. In summary, some benefits can be achieved through reuse in a disorderly

process but greater benefits can be attained at higher-levels.

One of the first studies about reuse capability, performed byCusumano(1991b,a), at

Japanese software factories show that reuse can be done successfully without being at

CMM level 5. They found that“successful companies (in Japan) do not necessarily im-

plement practices in theSEIorder Level 1, then Level 2, etc.”Cusumano identified that

“companies we had visited had, for the most part, made software reuse an integral part of

their development process. The model implicit message is ’after you do everything else,

consider implementing software reuse’. Many of the Japanese companies established

different priorities because they had validated features of their production process. That
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is, they had measured the payoff of software reuse”(Lim, 1998).

In order to increase their software development capabilities, Brazilian software in-

dustries and research centers are working cooperatively toimplement a strategy aiming

to improve software processes of Small and Medium-size Brazilian companies since

2003. The main goal of this initiative is to develop and disseminate a Brazilian soft-

ware process model (named MPS Model) (SOFTEX, 2009b) based on software en-

gineering best practices and aligned to Brazilian softwareindustry reality. The fo-

cus of the MPS Model is on small settings, since it provides mechanisms to facilitate

Software Process Improvement (SPI) implementation of the most critical software pro-

cesses, such as technology transfer, cultural challenges,quality assurance, among others.

The adequate implementation of such processes promote subsequent Software Process

Improvement (SPI) implementation cycles and software process maturity growth.

MPS.BR, a program designed and maintained by Brazilian Association for Promot-

ing the Software Excellence, from portuguese Associação para Promoção da Excelência

do Software Brasileiro (SOFTEX), is based onISO/IEC 12207 andISO/IEC 15504

(ISO/IEC, 2006). It has recently published a new version of its General Guide (MPS.BR

Reference Model (MR-MPS)) (SOFTEX, 2009a) which treats software reuse explic-

itly through two processes:Reuse Management Process - Gerência de Reutilização

(GRU) (at level E of theMPS.BR) andDevelopment for Reuse - Desenvolvimento para

Reutilização (DRU) (at level C of theMPS.BR).

The MPS.BR Reference Model (MR-MPS) defines maturity levels that are a com-

bination between processes and their capability. The processes definitions follow the

requirements for a process reference model presented inISO/IEC 15504-2ISO/IEC

(2003a), declaring the intention and the expected results of its execution. Thus, it is

possible to evaluate and attribute levels of effectivenessto the process execution.

The division in stages, although based on the maturity levels of theCMMI-DEV

(SEI/CMU, 2006a) has a different graduation, with seven levels (G to A) against five

levels (1 to 5) ofCMMI. The objective of that division is to make it possible an imple-

mentation and evaluation that is more adjusted to micro, small and medium companies.

The possibility of performing evaluations considering more levels allows the visibility

of the process improvement results earlier.

The process capability, inMR-MPS, is the characterization of the process ability to

achieve the current and future business goals; being related with the accomplishment of

the process attributes associated to the processes of each maturity level.

The expected results for theReuse Management Processare:
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• GRU 1 - A strategy of asset management is documented, contemplating the def-

inition of reusable assets, in addition to the criteria for acceptance, certification,

classification, discontinuity and evaluation of reusable assets;

• GRU2 - A mechanism for the storage and retrieval of reusable assets is deployed;

• GRU 3 - The data of the reusable assets usage are registered;

• GRU 4 - The reusable assets are stored periodically, according to the defined cri-

teria, and their changes are monitored throughout their life cycle;

• GRU 5 - Users of reusable assets are notified about problems detected, changes

performed, new asset versions released and discontinued.

The expected results for theDevelopment for Reuseare:

• DRU 1 - Application domains where assets reuse opportunities will be investi-

gated, or in which reuse is intended, are identified, detecting their reuse potential;

• DRU 2 - The systematic reuse capability of the organization is evaluated and cor-

rective actions are taken, if necessary;

• DRU 3 - A reuse program, involving purposes, scope, goals and objectives, is

planned in order to meet the domains reuse needs;

• DRU 4 - The reuse program is deployed, monitored and evaluated;

• DRU 5 - Reuse proposals are evaluated to ensure that the result ofreuse is appro-

priate for the target application;

• DRU 6 - Ways of representation for the domain models and architectures are se-

lected;

• DRU 7 - A domain model that captures characteristics, capabilities, concepts and

common, variant, optional and mandatory functions is developed and its limits and

relations with other domains are established and maintained;

• DRU 8 - A domain architecture describing a family of applications to the domain

is developed and maintained throughout its lifecycle;

• DRU 9 - Domain assets are specified; purchased or developed, and maintained

throughout their life cycle.
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Besides the expected results of the processes, theMR-MPSprovides the analysis of

the Process Attributes Results (from portugueseResultados dos Atributos de Processo

(RAP)) which measure the degree of institutionalization and refinement of the process in

the organization. More information about it can be found in (SOFTEX, 2009b).

3.2 The Reuse Maturity Models Survey

3.2.1 Holibaugh et al., 1989

Holibaughet al. (1989) presented the first cost model for software reuse developedat

SEI. In this work, Holibaugh et al. described a framework to determine an effective

cost approach to start the reuse adoption. After the initialreuse project was defined,

the advantages and disadvantages were documented, and the result serves as a guide

to the companies that want to begin efforts in reuse without alarge initial investment.

For the life cycle described byHolibaughet al. (1989), a clear evolution was noticed

from the first work in this direction (Doe and Bersoff, 1986; Pyster and Barnes, 1988),

as well as the fulfillment of existent gaps and a natural ripening in the reuse adoption

models. Phases and activities, such as analysis and domain engineering, as well as a

defined software development methodology, are considered aprimordial condition for a

systematic reuse process in an organization.

However, Holibaughet al. (1989) work presents some gaps towards an effective

reuse maturity model. The first problem is related to the needfor a specific software

development methodology and a set of specific tasks to support reuse-based develop-

ment integrated to, or as part of, the model. The lack of concern with assessment of the

reuse capability is another gap in Holibaugh et al.’s work. Anew fact is the concern

with the first phases of the software life cycle, since the sale and the elaboration of the

business plan. Reuse should already be considered in the first phases of the cycle and,

most importantly to provide a feedback to this phase in future projects.

3.2.2 Koltun and Hudson, 1991

In 1991,Koltun and Hudson(1991) presented the first version of theReuse Maturity

Model (RMM). The model was specified through workshops accomplished by theSoft-

ware Productivity Consortium (SPC). The model, in fact, provides a concise form for

obtaining information on reuse practices in companies. Themodel is composed of five

levels. Ten dimensions or aspects of reuse maturity were also enumerated. The fea-
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tures of each level are described in Figure3.2. Koltun and Hudson(1991) break down

each level into further detail by investigating different aspects of reuse and, within each

aspect, how reuse at each level may appear.

Koltun and Hudson pointed out that the obstacles for reaching the high reuse levels

are cultural, institutional, financial, technical and legal. This model was considered as

the main inspiration for the Margaret Davis’ work (Davis, 1992). Cusumano(1991a)

applied the Koltun and Hudson model to companies in Japan andfound the companies

to span from level 2 to 4. Cusumano noted several areas which he considered to be

problematic with the model. For instance, under the dimension of “Legal, Contractual,

Accounting considerations”, treating software as a key capital asset is not necessarily

conditional on having first developed a royalty scheme, a wayof compensating owners

for reuse of an asset.

3.2.3 Cusumano, 1991

After analyzing several reuse programs in Japan, Michael Cusumano concluded that

reusability can be placed along a model which ranges“from no reuse, because of no com-

monality in applications or stability in program architectures and functions, to various

degrees of accidental or ad hoc reuse and then to systematic reuse, with categorizations

of software going beyond application domain libraries to indexing software modules and

designs by functional content”(Cusumano, 1991a).

He describes a“reusability spectrum”with the following four reuse levels:

Level 1: None.

No commonality among projects;

No stability in program architectures and functions;

No design planning or management for multiple projects;

No reuse support tools and libraries;

No reuse promotion organization and incentives;

Little or no measurable reuse.

Level 2: Some.

Some commonality among projects;

Some stability in program architectures and functions;

No design planning or management for multiple projects;

No reuse support tools and libraries;

No reuse promotion organization and incentives;

Occasional but still ad-hoc or accidental reuse.
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Figure 3.2 Reuse Maturity Framework (Koltun and Hudson, 1991)
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Level 3: More.

Much commonality among projects;

More stability in program architectures and functions;

Some design planning or management for multiple projects;

Reuse support tools and libraries;

No reuse promotion organization and incentives;

More frequent but not maximum reuse.

Level 4: Most.

Much commonality among projects;

More stability in program architectures and functions;

Design planning or management for multiple projects;

Reuse support tools and libraries;

Reuse promotion organization and incentives;

Systematic and maximum reuse.

Cusumano(1991a) presented a complete industrial report about software reuse adop-

tion. However, his work is strongly related to the japan factories environments, culture,

technical and organizational issues. Another implementation of this model is needed,

mainly in other cultures and environments to validate and evolve the work.

3.2.4 Martin Griss’ Model

Martin Griss’ study of several projects within HP (Griss, 1994, 1995a) suggests aSEI-

like process maturity model (Griss, 1995b):

1. No reuse: Characterized by apathy, lack of knowledge, belief that reuse is not a

significant part of solution.

2. Leverage: Characterized by cloning, scavenging source code of one product to

create another; improved development cost and time-to-market, but proliferating copies

lead to maintenance nightmare.

3. Ad hoc/Opportunistic reuse: Selected modules extracted from leveraged sys-

tems, declared as frozen for reuse; however, as several products develop, increasing

amounts of control are needed to ensure that gratuitous changes and redundant mainte-

nance are not performed.

4. Systematic/Managed reuse: Involves the introduction of a formal process, or-

ganizational changes to separate producers from users, establishment of a library and

reuse management. Start of“develop for reuse”guidelines, work product certification

guidelines.

39



3.2. THE REUSE MATURITY MODELS SURVEY

5. Domain-specific reuse: Focus on formal design and development“for” and

“with” reuse. Producers will invest in domain analysis, architectures, and increased cov-

erage of the entire product family. Users will design and build products within the

constraints of the family design.

Still according to Griss, mounting a large reuse program, perhaps with corporate-

wide impact, requires a systematic approach. There is a significant effort to change the

culture, organization, processes and infrastructure. These changes are not evolutionary

and more complex than those associated with incremental andongoing changes for Con-

tinuous Process Improvement (CPI). The scope of these changes is effectively a Business

Process Reengineering (BPR) of the software development process and organization.

Griss stated that like manyBPRefforts (50-70% of which fail due to lack of attention

to the“soft factors"), most reuse adoption programs fail because a too simplistic solution

is taken.

The process of becoming more systematic about reuse introduction has several lev-

els of increasing rigor. These are related to the incremental adoption of reuse and cor-

responding expectations. Figure3.3 illustrates the following steps towards achieving

systematic reuse:

Figure 3.3 Bumps in the road to systematic reuse (Griss, 1995b)

1. Reuse is desired, but nothing is done to make it happen. Ad-hoc reuse is en-

couraged, object technology may be introduced, but no formal reuse program is
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visible.

2. An attempt is made to formally introduce reuse. A code or class library may be

set up and publicized, but little attention is paid to handling the“soft factors" or

to managing the organization through its adoption of reuse.

3. The importance of managing organization change is recognized. A reuse manage-

ment team is given authority and encouragement to use incentives, begin training,

make organizational changes and introduce new processes tosupport reuse.

4. Significant effort is devoted to use systematic change management. Organizational

change is planned and instituted. Some form of systematic reuse adoption process

may be followed.

5. Full-scaleBPRof the software development process and associated productdevel-

opment process is undertaken.

The steps of the model evolve from copy and paste reuse, with all its problems, to

systematic reuse based on domain engineering processes. The key point of this model

is to consider the incremental adoption of software reuse and to know that without in-

creasing investment and experience (in everything, from processes to learned lessons) it

is very difficult to achieve systematic software reuse.

3.2.5 Software Productivity Consortium (SPC) Model

In November 1992, during theWorkshop on Institutionalizing Software Reuse (WISR),

Margaret Davis presented the reuse maturity model of the Software Technology for

Adaptable, Reliable Systems (STARS) project (Davis, 1992). The first reuse maturity

model, presented by Koltun and Hudson had an important influence on this one, because

Hudson participated directly in theSTARSproject. This maturity model is the basis for

companies to formulate their short and long term strategiesto improve the level of reuse

practice in their business domains. Moreover, Margaret Davis believed that the maturity

model can be used with other context, such as a reuse practicelevel evaluation tool, or a

way to encourage the reuse adoption through incentive programs.

The main issue, as a negative point, in Margaret Davis’ modelis the highup-front

risk of reuse adoption, because a significant initial investmentis needed. However, one

positive point is that the model was designed to be independent of a particular develop-

ment model.
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In the next year, Ted Davis (Davis, 1993b) presented theReuse Capability Model

(RCM), an evolution of theSTARS’ reuse maturity model.RCM aids in the evalua-

tion and planning for improvements in an organization’s reuse capability.RCM is used

together with the reuse adoption process defined bySPC(1993). The reuse adoption pro-

cess is a solution to implement a reuse program and it is basedon the implementation

model defined byPrieto-Díaz(1991).

RCM has two components: an assessment model and an implementation model. The

assessment modelconsists of a set of critical success factors to assess the current state

of reuse practice. From this assessment, the organization will get a list of its strengths

and a list of potential improvement opportunities. Theimplementation modelhelps in

prioritizing the critical success factor goals by partitioning them into a set of stages. This

model was considered as the main inspiration for theWartik and Davis(1999) work.

The utilization of a specific reuse adoption process is a great issue of Ted Davis work.

RCM, in conjunction with this adoption process, helps the organization in business de-

cisions and in how its practices work in the development processes. It is a hierarchical

model with each level building on the previous level. It produced substantially different

results depending on whether or not the level questions wereanswered form a bottom-

up or a top-down perspective. But, according toRine and Sonnemann(1998), in their

study of software reuse investment success factors,RCM proved to be unstable because

the measurements used to evaluate software reuse capability, and drive the business de-

cisions, did note correlate very well.

Wartik and Davis(1999) presented a new version of the reuse adoption model de-

veloped by the Software Productivity Consortium (SPC) (Davis, 1993b). The model is

based on a set of phases that help the organization to measureits progress towards the

reuse adoption. Each phase has specific goals, integrated into the Synthesis methodology

(Burkhard, 1993). Besides, the phases are conducted in such a form that the organization

can avoid the risks, or at least, reduce them significantly inthe reuse adoption program,

through the selection of the main features of each phase to achieve the its goals.

The main motivations ofSPCfor a new model, according to the lessons learned after

the observation of the companies in several stages in the reuse adoption process, were:

reduce the initial risk in the reuse adoption, so that companies can recognize the need

to define the reuse goals, making it easier to commit with a reuse adoption model that

demands a commitment of resources incrementally based on a constant evolution and

understanding of their benefits; and,integrate with a reuse-based software develop-

ment process, merging the reuse adoption model with the Synthesis methodology of
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SPC, reducing the number of decisions related to reuse that the organization should take,

making the efforts for the adoption simpler.

Another reference model for software reuse calledReuse Reference Model (RRM)

was presented byRine and Nada(2000a). RRM incorporates both technical and organi-

zational elements that can be applied to establish a successful practice of software reuse

in the organization. The technical elements consist of technologies that support reuse,

such as Computer-Aided Software Engineering (CASE) tools and a software reuse pro-

cess, among others. Organizational elements include management of the reuse program,

market analysis, financing and training.

3.3 Software Product Lines Maturity Levels

Contemporary literature on product lines often presents a particular approach adopting

a product line, suggesting a particular process model, a particular organizational model,

and a specific product line development approach (Bosch, 2002). For instance, most

existing literature assumes that the organization has adopted a domain engineering unit

model (Weinreich and Sametinger, 2001; Bosch, 2002; Muthig, 2002). This unit devel-

ops reusable artifacts, while the product or application-engineering units develop con-

crete products based on these reusable assets (Pohlet al., 2005).

However, from empirical analysis and some experiences withsoftware companies

that have adopted a product line approach,Bosch(2002) affirms that the currently avail-

able alternatives are generally much more diverse than the particular approach presented

in traditional literature. The adoption of a product line, the product line processes and

the organization of software development have more freedomthan one might expect.

Jan Bosch proposed a classification for the different maturity levels of an organi-

zation, to aid in the adoption of Software Product Lines (SPL) (Bosch, 2002), and de-

scribed the maturity of the reuse-based practice adoption by analyzing two attributes:

• The effort used in the Domain Engineering related to the effort spent on the Appli-

cation Engineering, and

• The encountered difficulties in the variability management.

The approaches that Bosch has identified range from a standardized infrastructure

based on which products are created to a configurable productbase that can be used to

derive a variety of products.
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Starting from a situation in which each product or application is developed indepen-

dently, the main maturity development path consists of a standardized infrastructure, a

platform, a software product line, and finally, a configurable product base. The levels

are described as follows (Bosch, 2002, 2008):

Standardized Infrastructure. The first step that an organization takes when evolv-

ing towards exploiting commonality in its products is to standardize the infrastructure

upon which the products to be developed will be based.

It typically consists of the operating system and the conventional commercial compo-

nents on top of it, such as a database management system and a graphical user interface.

This level requires very little or no Domain Engineering effort, because all effort is di-

rected to application (or product) engineering.

The common infrastructure contains no domain-specific functionality, and therefore,

no variability management is necessary.

Platform. The next level in achieving intra-organizational reuse is when the organi-

zation develops and maintains a platform on which the products or applications are based.

The common functionality that is not provided by the infrastructure is implemented by

the organization itself.

This approach typically requires a certain amount of domainengineering effort to

create and maintain the platform. The main effort, however,is still assigned to applica-

tion engineering.

Software Product Line. Functionality specific to one or a few products is still de-

veloped as part of the product derivation. Functionality shared by a sufficient number of

products is part of the shared product line artifacts, with the consequence that individual

products may sacrifice resource efficiency or development effort for being part of the

product line.

Usually, the amount of effort required for domain engineering is roughly equal to the

amount of effort needed for product development or application engineering.

Once the product line stage has been reached, managing the variability supported by

the shared artifacts becomes a real challenge. Depending onthe stability of the domain,

the supported variation points change frequently, both in binding time (typically to a

later stage) and the set of variants (typically extended).

Configurable Product Base.Especially if the organization develops products in rel-

atively stable domains and derives many product instances,there is a tendency to further

develop the support for product derivation. The consequence is that the organization,

rather than developing a number of different products, moves towards developing only
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one configurable product base that, either at the organization or at the customer site, is

configured into the product bought by the customer.

Once the configurable product approach has been fully adopted, all development

effort has moved towards domain engineering. Little or no application engineering is

provided because the product derivation typically is supported by automated tools or

techniques.

Since product derivation is usually automated once this level is reached, all variation

points have an explicit representation in the tool configuring the product for the particular

instantiation. The variants for each variation point are part of the configurable product

base, and adding new variants to variation points during product derivation is often not

supported.

Years later, Bosch redeveloped and refined his approach, proposing a framework for

Software Product Line adoption in four stages: exploration, initiation, build out and

institutionalized (Bosch, 2005). The model is based on five dimensions of decisions that

represent what must be evaluated to start and resume the migration to development based

on families. These dimensions are:Feature Selection; Architecture Harmonisation ;

R&D Organization ; Funding; and,Shared component scoping.

For each of these evaluation dimensions, alternatives are proposed and their advan-

tages and disadvantages of each decision are considered. Bosch also suggests a combi-

nation of decisions for each of the maturity stages, aiming to maximize the success of

this venture. The details of the recommendations from Boschcan be found in (Bosch,

2005, 2008).

In Brazil, one of the most active sectors in consuming and producing software prod-

ucts is the financial sector, once all of its products and services are delivered through

Information Technology. This is the reason why is so important to understand how soft-

ware reuse processes occurs in this sector and how do they contribute to projects success.

In this context,Reinehr(2008) presented a scenario of software reuse in the financial sec-

tor in Brazil, based on case research conducted in five of the ten largest banks installed

in the country.

The main goal ofReinehr(2008) was investigate how the reuse is practiced in orga-

nizations in financial sector, specifically banks, taking into consideration the concepts of

systematic software reuse and the software product lines approach. To reach this goal, a

set of specific goals was developed and used as a basis for a survey conducted in these

organizations.

1. Define the dimensions to be considered in order to characterize systematic reuse
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in a general way, and more specifically, software product lines;

2. Select the parameters that characterize success in software projects;

3. Devising a theoretical framework, containing the analysis points that will be used

to investigate how the software reuse occurs at financial institutions, based on

specific goal 1;

4. Relate the contribution of the practices adopted in the sector for reuse with the

financial success of software projects, using as parameter factors identified in goal

2; and,

5. Analyze the reuse practices in financial institutions in the context of theoretical

framework constructed in the literature.

3.4 Summary of the Study

From this survey we may notice that it is clear that development “for” and“with” reuse

are needed. Another factor is the concern with reuse since early stages of the software

life cycle, beginning with the elaboration of the business plan. Reuse should be consid-

ered in the first phases of the software development cycle.

Figure3.4summarizes the timeline of research on the software reuse maturity mod-

els area, where the dotted line marks the works that was basedon previous work. The ar-

rows indicate that a work was extended by another. Besides, the main works are marked

by an“X” .

Figure 3.4 Research on software reuse maturity models timeline

The reuse community agrees (Davis, 1993b; Rine and Nada, 2000a; SPC, 1993;

Wartik and Davis, 1999) that characterizing reuse with maturity models and adoption
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processes is a clear sign of progress towards making reuse a natural part of develop-

ment. As shown in this chapter, there are some experiences and projects involving reuse

maturity models. However, the companies are still unsure ofadopting a reuse program

because there is not a widely accepted model. Models proposed until now fail in trans-

ferring the reuse technology to the entire organization, inan incremental and systematic

way. The main problem is that most works classify the reuse adoption as an atomic ini-

tiative, and introducing atomic, radical changes is not appealing to most companies. A

more gradual evolution is more suited to reuse (Rine and Nada, 2000b). Thus, through

this survey we identify the main requirements of some reuse maturity models to specify

an effective reuse reference model, in order to implement a systematic and incremental

approach to reduce the risks and improve the possibilities of success in this journey.

The goals of the reuse reference model are:(i) to describe a series of steps for adopt-

ing software reuse practices, where each step describes a coherent set of engineering

and management practices in software reuse; and(ii) to determine the software reuse

capability of an organization.

The model structure should be flexible, modular and adaptable to the needs of the

companies that will use it. Thus, the model needs to be based on two principles: mod-

ularity and responsibility. Modularity, in the sense of process with less coupling and

maximum cohesion. Responsibility, in the sense of the possibility to establish one or

more (team) responsible for each process, or activity (perspectives and factors). This

structure makes it easier to implement the model in places where various professionals

can be involved in the reuse adoption.

The reuse reference models should also include:(i) reuse practices (Lucrédioet al.,

2008) in organized levels representing different degrees of software reuse that is

achieved; and,(ii) reuse elements describing fundamental parts of reuse technology, e.g.

assets, documentation, tools and environments.

The maturity levels will provide general characterizationof the companies with re-

spect to the degree of reuse adoption and implementation, i.e. a maturity level indicates

what reuse practices and assets are expected to be in place inan organization.

Figure3.5show the relation among the reports described in Section3.2and the key

factors in adopting an organization-wide software reuse program identified in previous

works (Frakes and Isoda, 1994; Rine, 1997; Morisio et al., 2002; Lucrédioet al., 2008)

and in this survey. In Figure3.5, each column corresponds to a report, cited before, and

each row corresponds to a key factor:

Analyzing Figure3.5, it can be seen that there are gaps in proposed software reuse
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Software organization and team 

size

Project team experience O X X O

Software reuse education O O X X X X O X X O

Rewards and incentives O X X X X X

Independent reusable assets 

development team
O O O X O

Product family approach X X X X X X X X X

Kind of software developed X

Application domain O X

Software development approach O X X X X X O X X

Programming language X

Repository systems usage X X X X X X O X X O X

CASE tools usage O X X X X X O X X O X

Quality models usage O

Systematic reuse process X X X X X X

Kind of reused assets O O O O O O X

Origin of the reused assets

Previous development of reusable Previous development of reusable 

assets
X O X X

Specific function in the software 

reuse process
X O X O O X O O X

Software reuse measurement O X X X X O X X O X

Software certification process O X X X X

Configuration management of the 

reusable assets
O O O X X O O X X

Business planning and Economic 

issues
X O O O O X O X O

Management support O X X X X X X X X

Reuse goals definition X X X X X X X O O

Software reuse history (knowledge 

reuse)
O O O O O O O O O

Legal, Contractual, Accounting 

considerations
X X X X X

Reuse adoption process X X X

V&V processes for reuse assets O O O O

Improving organizational reuse 

process
O O O

Low up-front risk of reuse 

adoption
X O

Rusable artifacts standards

Traceability between reusable 

artifacts
O O O O O O

X - Treated O - Partially treated

Figure 3.5 Relation among the reports and the key factors
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reference models and important factors (or requirements) are not considered (i.e.Soft-

ware organization and team size, Origin of the reused assets, andReusable artifacts

standards) or are partially considered. These requirements, are elicited by the experi-

ence and studies conduct by the RiSE group in industrial projects. All the requirements

are important and relevant for the success of a software reuse adoption program; how-

ever, in this thesis the focus is on Reuse Reference Model, which is considered a key

aspect to success in software reuse adoption, especially when considering software reuse

capabilities assessment and improvement.

However, these works still need some effort to conclude the proposed generic models

that can be specialized to each organization (or case), withless investments to start the

program, a systematic and incremental procedures and to prove its trust and, in this

sense, needs a definition on which requirements are essential to specify an effective

reuse adoption program.

3.5 Summary of this Chapter

This Chapter described the state of the art on the software reuse maturity models. It

discussed the main approaches, their benefits, advantages,related problems and imple-

mentation results.

Next Chapter presents the RiSE Reuse Reference Model (RiSE-RM) describing the

approach for creating the model, its current structure and the levels which it comprises.
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Everything should be made as simple as

possible, but not simpler.

Albert Einstein, Physicist (1879-1955) 4
RiSE Reference Model

Software reuse, in the view of this thesis, covers the methods that enable computer-stored

knowledge to be used in more than one computer-based productin a given domain. The

following definitions will put this in context (Erickson, 1992):

Knowledge - Anything used for creating computer-based products. Examples: data,

algorithms, code, translations, standards, practices, policies.

Product - The results of the development process. Examples: programs, documents,

systems, analyses, CAD designs.

Domain - A bounded field of development, with recognizable repetition among prod-

ucts.

Reuse Process Model- Method/mechanism for reusing knowledge. It may be compo-

sitional (components) or generative (code generators).

Domain Analysis - Method for identifying reusable knowledge.

Reuse is justifiable when, within a domain, there is knowledge that is consistent and

common enough to justify unifying (and formalizing) the methods used to store and

incorporate it into products.

Many software development companies believe that investing in software reuse

will improve their process productivity and product quality, and are planning or de-

veloping a reuse program (Tracz, 1990; Frakes and Isoda, 1994; Morisio et al., 2002;

Lucrédioet al., 2008). Unfortunately, there is still not enough data available on the state-

of-the practice of using or managing software reuse and the majority of current infor-

mation available on software reuse models comes from the literature (Card and Comer,

1994; Frakes and Fox, 1995; Rine and Sonnemann, 1998; Rine and Nada, 2000b).
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A common problem is that the“reuse approaches”in the companies are usually con-

sidered as an independent set of tools and techniques, focusing on the technical aspects

of reuse (Rine, 1997; Morisio et al., 2002). While several companies naively associate

software reuse with the adoption of certain technologies, such as the object-oriented pro-

gramming, in fact it became clear that the success in software reuse is more intimately

related with non-technical aspects such as organizationalmanagement and infrastructure,

and technical factors not related with specific technologies (Rine and Sonnemann, 1998).

Some of these factors (technical and non-technical) include software organization, team

size, project team experience, software reuse education, among others (Almeidaet al.,

2004, 2007; Lucrédioet al., 2008).

According toRine and Nada(2000a), to be effective, software reuse should be con-

ducted as an activity integrated to the development processas a whole, supported, in a

flexible way, by methods, techniques and appropriate tools.

According toErickson(1992) the issue of how to introduce reuse is affected by three

other issues. All three overlap and sometimes conflict:

• How to make reuse attractive?

• How to select a reuse process model?

• How to introduce reuse to the software development process?

Making reuse more attractive involves getting management and technical staff to a

point where they understand the concepts, see a strong potential benefit, and also see a

path to get there. It starts with contacting a group that advocates in favor of reuse. It

ends when they either decide not to adopt reuse, or to adopt itas part of the development

process.

Selecting a reuse process model is very complex and lacks solid guidelines. Many

aspects must be considered, such as, company size, team sizeand experience, reuse

education, CASE tools usage, among others. There are many reuse process models

and domain analysis models to choose from (Griss, 1995a; Wartik and Davis, 1999;

Weiss and Lai, 1999; Rine and Nada, 2000b; Almeida, 2007).

However it is strictly necessary to assess software reuse capability in order to sup-

port the reuse adoption, maintenance and evolution. In thisthesis, the main concern is

the evaluation of the software reuse capability, using the RiSE Reuse Reference Model,

RiSE-RM.

Thus, first it is necessary to investigate the success factors for software reuse, the

way they impact in a software reuse program, and how they wereused to construct a
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framework for a reuse reference model to aid in evaluating the software reuse capability

of a company and, next, to introduce reuse in the software development process.

In general, the main idea behind the software reuse reference model is to aid in the

determination of the reuse capability of the companies and,additionally, in the reuse

adoption. The model was developed after an extensive literature review, where other

similar models were analyzed in search for their strong and weak points (Garciaet al.,

2007). In addition, the experience of the RiSE research group1 with five industrial

reuse projects, and the fact that it was developed inside a Brazilian software innovation

company and its partners, served to give a practical foundation to RiSE-RM.

4.1 RiSE-RM: The RiSE Reference Model

RiSE project aims at the industrialization of software reuse by providing the necessary

instruments to ensure its successful adoption. Among theseinstruments, there is a struc-

tured set of reuse practices, which companies may integratewith their development pro-

cesses. The RiSE Reference Model (RiSE-RM) practices, proposed in this work, are

one of the cornerstones of RiSE project.

The model was defined in accordance with the International Standard ISO/IEC

12207:2008 (ISO/IEC, 2008a), adapting it to the needs of the software reuse community.

The RiSE-RM was also defined in accordance with CMMI-DEV (SEI/CMU, 2006a)

and MPS.BR (SOFTEX, 2007). RiSE-RM also fulfills the requirements for reference

process models as defined in the International Standard 15504-2 (ISO/IEC, 2003a).

The purpose of the RiSE-RM is to determine which process areas, goals and key

practices should be considered by companies interested in adopting a systematic reuse

approach. It includes a group of process areas, guidelines,practices and process out-

comes. In this sense, RiSE-RM has two primary goals:(i) to help in the assessment of a

company’s current situation (maturity level) in terms of software reuse practices; and,(ii)

to aid the company in the improvement of their productivity,quality and competitiveness

through the adoption of software reuse practices.

4.1.1 Definition

Most process quality and improvement reference models do not treat reuse in an ade-

quate way. For example,ISO/IEC(2008a) has only three reuse-specific processes: do-

1http://www.rise.com.br/research
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main engineering, reuse program management and reusable assets management. CMMI-

DEV (SEI/CMU, 2006a) has some sub-practices scattered through the model, such

as reuse design and reuse code, but many important activities, like domain analy-

sis, are not included. Also, it is a well-known fact that software reuse can involve

deep technological, cultural and social changes (Frakes and Isoda, 1994; Rine, 1997;

Rine and Sonnemann, 1998; Lucrédioet al., 2008), but the reuse considerations in these

models do not form an incremental path that gently introduces systematic reuse prac-

tices.

RiSE-RM model was designed to be a complement to other reference models related

to software development process improvement, including important reuse process areas

and practices. Like these models, and in order to provide a better understandability and

facilitate its implementation, RiSE-RM also uses the concept of maturity levels, process

areas, maturity goals and process results and work products.

Thus, the goals for the RiSE-RM are:(i) assess the current organization situation, or

maturity level, in software reuse practices; and,(ii) aid the organization in the improve-

ment of their productivity, quality and competitiveness through the adoption of software

reuse practices.

The RiSE-RM was evolved by the RiSE group through discussions with industry

practitioners (WIRE, 2006; RISS, 2007; WIRE, 2007; RiSS, 2008; WIRE, 2008, 2009)

and software reuse researchers (Garciaet al., 2007). The literature on reuse adoption

models was also studied (see Chapter3). Finally, an extensive survey conducted with

Brazilian software companies (Lucrédioet al., 2008) served to tailor the model to the

Brazilian scenario.

The key benefits of applying reuse appear when organizational assets and knowledge

are accumulated and reused across different projects. To achieve this, capitalization of

knowledge and assets in a specific domain has to be taken into account together with the

two aspects mentioned above.

4.1.2 Model Structure

RiSE-RM structure is similar to those of the main reference models (SEI/CMU, 2006a;

SOFTEX, 2007). RiSE-RM consists of the following structural elements:maturity

levels, which are composed byprocess areas, with its purposes, process resultsand

work products. elements.

Maturity level. A maturity level within RiSE-RM can be defined as the overall de-

gree of reuse process capability that a company possesses. Each level is an evolutionary
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plateau of process improvement, and represents an important major step towards sys-

tematic reuse. There are seven maturity levels within RiSE-RM. The higher the reuse

maturity level at which the company is ranked, the more mature its reuse processes will

be.

Process area.Except for the first level2, each maturity level consists of key pro-

cesses areas that indicate where a company should focus on improving its reuse process.

While the maturity levels represent the company-wide majorsteps towards systematic

reuse, the process areas represent individual, localized minor steps, which lead to the

achievement of a particular maturity level. A process area identifies a cluster of reuse-

related key practices that must be performed to achieve a maturity level. When all prac-

tices of a process area are performed, a significant improvement in the activities related

to that area is accomplished. In RiSE-RM, only those processarea that are considered

as key determinants to reuse process capability are included.

Process purpose.Each process area has a high level objective, which defines what

does it means to perform the process area, and what are the likely outcomes of effec-

tive implementation of that process area (ISO/IEC, 2008a). The implementation of the

process should provide tangible benefits to the stakeholders.

Process result. A process results describes an observable result of the successful

achievement of the process purpose (ISO/IEC, 2008a).

A result statement describes one of the following:

• production of an artifact;

• a significant change in state; and,

• meeting of specified constraints, e.g., requirements, goals, etc.

Work product. A work product is an artifact produced by a process. These artifacts

can include files, documents, and parts of the product, services, processes, specifications,

and invoices. A key distinction between a work product and a product component is that

a work product needs not be engineered or be part of the end product (SEI/CMU, 2008).

4.2 Overview of the RiSE Reference Model Levels

RiSE-RM consists of 7 maturity levels that reflect a degree ofthe reuse process maturity.

Figure4.1shows RiSE-RM’s maturity levels and their corresponding process areas. The

2At first level, software reuse is an ad-hoc, undefined processand is considered as a part of individual
development effort.
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RiSE-RM is presented in details in Appendix.

Level G - Informal Reuse

Level F - Basic Reuse
Basic Reuse Techniques and Tools (BRT)

Reusable Artifacts Implementation (RAI)

Reuse of Open Source Solutions (ROS)

Reuse of Graphical User Interfaces (RIF)

Level E - Planned Reuse
Software Development with Reuse (DWR)

Define Reuse Standards and Quality Criteria (DRS)

Reuse Goals Definitions (RGD)

Reusable Artifacts Management (RAM)

Level D - Managed Reuse
Maintain Traceability among Reusable Artifacts (TRA)

Manage Reuse Unit (MRU)

Reuse Integration into Software Life Cycle (REI)

Level C - Family-Oriented Products Reuse
Domain Analysis (DAN) 

Domain Design (DDE)

Domain Realization (DRZ)

Domain Testing (DTT)

Reusable Software Artifacts Decay (SAD)

Level B - Measured Reuse

Asset Quality Control (AQC)

Reuse Cost Model (RCM)

Level A - Pro-Active Reuse

ROI and Market Conditions Analysis (MCA)

Reusable Assets Predictability (RAP)

Figure 4.1 RiSE-RMoverview

Purposes are also defined for each process area in each maturity level. They are used

to guide the assessment of the implementation of the reference model. More precisely,

while the implementation of the process result and work product defined at a maturity
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level can vary, the achievement of the purpose for that leveland the levels below is

mandatory to conclude that the level is achieved.

The Figure4.2show the relation between the key factors, identified in Chapter3, and

the RiSE-RM process areas. The definition of the RiSE-RM process areas was guided

by the key factors.

Figure 4.2 Relation amongRiSE-RMprocess areas and the key factors

Analyzing Figure4.2, it can be seen that some key factors are not related to an

specific process area. The“Software organization and team size”is not a key factor that

must be treated by a process area. It is an issue related to other organization concerns,

such as business strategies and customer requests.

Extensive work (Frakes and Isoda, 1994; Rine, 1997; Morisio et al., 2002;

Lucrédioet al., 2008) show that“Quality models usage”do not have a direct relation

with software reuse. However, we believe that some softwareengineering practices, de-
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scribed in quality models, can help in the reuse activities.Thus, this key factor is related

to the RiSE-RM by the dependencies with the software engineering practices (described

in each process area of the RiSE-RM) in theISO/IEC(2008a).

Finally, the“Low up-front risk of reuse adoption”key factor is related to the organi-

zation and specification of the RiSE-RM. The seven levels of the model try to spread the

process areas in order to facilitate its adoption and implementation in the organizations.

And the staged nature of the model can aid in the adoption of the process areas in an

incremental and systematic way.

4.2.1 Processes specification

According to (ISO/IEC, 2003a), the fundamental elements of aProcess Reference Model

are the descriptions of the processes within the scope of themodel. The process de-

scriptions in the Process Reference Model incorporate a statement of the purpose of the

process which describes at a high level the overall objectives of performing the process,

together with the set of outcomes which demonstrate successful achievement of the pro-

cess purpose. These process descriptions shall meet the following requirements:

• a process shall be described in terms of its purpose and outcomes;

• in any process description the set of process outcomes shall be necessary and

sufficient to achieve the purpose of the process;

• process descriptions shall be such that no aspects of the Measurement Framework

as described in Clause 5 of ISO/IEC 15504-2 (ISO/IEC, 2003a) beyond level 1 are

contained or implied.

Still according to ISO/IEC 15504-2, an outcome statement describes one of the fol-

lowing:

• Production of an artifact;

• A significant change of state;

• Meeting of specified constraints, e.g., requirements, goals, etc.

These requirements are met by the process descriptions, in terms of purposes, results

and, if pertinent, work products, in this section. Some outcomes might be interpreted
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as contributing to levels of capability above level 1. However, a conforming implemen-

tation of the relevant processes does not require achievement of these higher levels of

capability.

In addition to these basic attributes, processes may be characterized by other at-

tributes common to all processes. These common attributes contribute to the achieve-

ment of higher level of process capabilities as defined in ISO/IEC 15504-2. There are

6 levels of process capability in the measurement frameworkof ISO/IEC 15504-2 as

described in the Table4.1.

Capability Level Process Capability
0 Incomplete Process
1 Performed Process
2 Managed Process
3 Established Process
4 Predictable Process
5 Optimizing Process

Table 4.1 Six Levels of Process Capability (ISO/IEC, 2003a)

The achievement of higher level attributes and capabilities is enabled by the inter-

action of the process with support and organizational processes such as Documentation,

Configuration Management, Quality Assurance, among others(ISO/IEC, 2008a).

The common process attributes (PA) affiliated with the achievement of higher levels

of process capability as defined by the ISO/IEC 15504-2 as follow:

• Level 0 - Incomplete Process

– The process is not implemented, or fails to achieve its process purpose. At

this level there is little or no evidence of any systematic achievement of the

process purpose.

• Level 1 - Performed Process

– Process performance attribute (PA 1.1)- it determines the extent to which

the process purpose is achieved. The achievement of this attributes involves

the defined outcomes.

• Level 2 - Managed Process

– Performance Management (PA 2.1)- it determines the extent to which the

performance of the process is managed. The achievement of this attributes

involves the planning, monitoring and adjusting the process performance.
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– Work Product Management (PA 2.2)- it determines the extent to which

the work products produced by the process are appropriatelymanaged. The

achievement of this attribute ensures that work products are appropriately

established, controlled and maintained.

• Level 3 - Established Process

– Process Definition (PA 3.1)- it determines the extent to which the process is

established as a standard process within the organization.The achievement

of this attribute involves the definition of the process in terms of required

competencies and roles for performing a process, required infrastructure and

work environment, methods for monitoring its effectiveness and suitability

and tailoring guidelines.

– Process Deployment (PA 3.2)- it determines the extent to which the process

is effectively deployed as a tailored instance of the standard process. The

achievement of this attribute is reflected in the fidelity to the standard process,

the effective deployment of resources to the implementation of the process,

and the collection and analysis of data for understanding and refining the

behavior of the process.

• Level 4 - Predictable Process

– Process Measurement (PA 4.1)- it determines the extent to which process

measurements are used to ensure that performance of the process supports

the achievement of defined business goals. The achievement of this attribute

is concerned with the existence of an effective system for the collection of

measures relevant to the performance of the process and the quality of the

work products. The measures are applied to determine the extent of achieve-

ment of the organization’s business goals.

– Process Control (PA 4.2)- it determines the extent to which process is

quantitatively managed to produce a process that is stable,capable, and pre-

dictable within defined limits. The achievement of this attribute implies the

application of analysis and control techniques to ensure that the process per-

forms within defined limits and that corrective action are taken to address

deviations.

• Level 5 - Optimizing Process
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– Process Innovation (PA 5.1)- it determines the extent to which changes to

the process are identified from analysis of variation in performance, and from

investigations of innovative approaches to process definition and implemen-

tation. The achievement of this attribute is concerned withthe existence of a

proactive focus on continuous improvement in the fulfilmentof both current

and projected business goals.

– Process Optimization (PA 5.2)- it determines the extent to which changes

to the definition, management and performance of the processresult in ef-

fective impact that achieves the relevant process improvement objectives.

The achievement of this attribute is concerned with an orderly and proactive

approach to identifying and introducing appropriate changes to the process

minimizing undesired disruption, evaluating the effectiveness of changes and

making adjustments as necessary.

4.3 Starting point for the RiSE-RM application

Adaptations and/or changes in the organizational technical elements implicate in the

need for specific recommendations related with the technologies that will be applied.

However, not all those changes should be managed as a substitution of items or pro-

cesses already existent in the organization. Technological changes implicate in adapta-

tions (or corrections) in the processes, methods and tools,that will have impact in the

roles of the involved stakeholders. According to the literature, the human view point

is usually the main reason for faults in those changes (cultural, abilities and reluctance)

Frakes and Isoda(1994); Rine and Sonnemann(1998); Rine and Nada(2000a).

Figure4.3shows the starting point for the application of RiSE-RM.

Before beginning to introduce the changes, the organization should identify the pos-

sible problems (potential improvements) that one wants to solve (or the organization’s

business objectives that it wants to achieve, such as to improve productivity and quality

of the products). A possible solution for these problems would be the adoption of RiSE-

RM, based on the premises of the best reuse practices. Like this, the first step for the

application of RiSE-RM is to define where the organization would like to go.

There are many problems regarding the adoption of a new process into an organi-

zation, such as the natural resistance to changes, lack of credibility in the new process,

among others. They are not restricted to reuse. This is why there are incremental models,

such as CMMI-DEV, which help in this migration process. RiSE-RM also follows the

60



4.3. STARTING POINT FOR THE RISE-RM APPLICATION

Where am I?

How do 
I go?

Metrics

Metrics
Business goals,

market conditions...

Guidelines

RiSE-RM

1

2

3

4

5

Action plan

RiSE-RM

Where 
do I go?

RiSE-RM

Incremental 
Adoption Strategy

 RiSE Assessment 
Method

RiSE-RM

Figure 4.3 RiSE-RM starting point

same philosophy.

“If you don’t know where you are, a map cannot help you”(Watts Humphrey,“fa-

ther” of CMM and CMMI). To get to know where you are, it is necessary to accomplish

an evaluation inside the organization. This evaluation will validate the need to invest in

the framework application. It is also important to stress that this experience will not be

lost, even if it is decided that no investments will be made atthe moment. Its benefits for

the organization include a higher knowledge of its current status and its real needs for

improvement. The evaluation process should be driven in agreement with the peculiari-

ties of the organization and with the use of reuse and non-reuse specific metrics, such as

the“goal-question-metric”paradigmBasili (1992), and a reuse reference model.

The results will show which reuse practices should be focused on, and which objec-

tives should be reached first (priority order). They also help in obtaining senior support

for the improvement process, by showing a more precise path for the transition between

the current state and the target state.

A typical scenario in which RiSE-RM will be used is presentedas follows:

(i) An organization decides to introduce reuse in its software development process.

(ii) The organization performs an assessment of the practices that are currently in

place using a software reuse assessment process (Garciaet al., 2008b). During the as-

sessment, apart from reviewing the reuse-related practices performed in an organization,

the assessment team also seeks evidences demonstrating that the implemented practices
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have achieved their goals. For instance, the fact that feature models3 are being devel-

oped does not guarantee that the requirements of the correspondent key practice are

being fulfilled. However, if these feature models are being developed with the help of

reuse guidelines, and/or being reviewed by reuse experts, then there is a greater confi-

dence that this key practice is being properly performed, because this situation is closer

to what is defined in the goals of the correspondent process area (Domain analysis).

(iii) The organization defines its business objectives, determines which maturity level

they are interested in achieving, and defines the improvement path to it, using RiSE-RM

as the reference.

(iv) Some metrics are used to evaluate the progress of the reuse adoption process,

guided by RiSE-RM.

(v) RiSE-RM is used as a repository of practices and processes, which might be

implemented in an organization aided by an incremental adoption strategy, acting as an

action plan to achieve the desired reuse capability level.

(vi) The reuse capability assessment method is periodically used to formally assess

the level of implementation of certain reuse practices, to identify their strengths and

weaknesses and to define (and confirm) a (new) path for improvement.

In this context, our efforts are to provide mechanisms to aidin a incremental process,

based on the best practices of the RiSE-RM, to aid the organizations in the reuse adoption

or in the reuse practices improvements. This mechanisms andprocesses are based on our

experience in industrial reuse projects and in the main literatureAlmeidaet al. (2007);

Clements and Northrop(2002); Cusumano(1991a); Frakes and Isoda(1994); Griss

(1994); Morisio et al. (2002); Nazareth and Rothenberger(2004); Payton (1993a,b);

Prieto-Díaz(1991); Rine and Nada(2000a), as discussed before.

4.4 RiSE Reference Model Levels Definition

The seven maturity levels show an evolution from an ad-hoc, undefined reuse process to a

controlled and pro-active reuse process. The maturity levels also allow foreseeing which

reuse-related activities will be performed in a company in the future. A maturity level

represents the degree of reuse adoption. Each level has particular goals associated with

it, which are used to determine whether it is completely achieved. The maturity levels

also allow foreseeing which reuse-related activities willbe performed in an organization

3Feature model is a model that identifies and documents the domain variability and commonalities
points.
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in the future.

4.4.1 Level G - Informal Reuse

This level represents the traditional software development, with the execution, for in-

stance, of Project Planning Process and Requirements Identification, Evaluation and

Agreement activities (ISO/IEC, 2008a). Reuse practices, such as the use of Component-

based Development, Design Patterns, among others, are sporadically used or not used

at all and are ignored or discouraged by management. These practices are performed

as an individual initiative (personal goal; according to time constraints). The costs and

benefits of reuse are unknown.

4.4.2 Level F - Basic Reuse

At this level, the company will have the first contact with introductory techniques and

methods of software reuse and build its first reusable artifacts. The level F is composed

by the process areas Basic Reuse Techniques and Tools; Reusable Artifacts Implemen-

tation; Reuse of Open Source Solutions; and Reuse of Graphical User Interfaces.

This level is characterized by a basic usage of potentially reusable assets. It encom-

passes basic reuse-oriented engineering activities. The assets are used for aiding in the

implementation and production of components and documentation. Simple tools and

techniques are used to develop reusable assets (documents,design, code, etc). Typically,

technical assets are developed, which, in this level of maturity, include all the require-

ments of the system with no distinction between business anddomain specific aspects.

In this level, basic reuse techniques are identified, evaluated and recommended to

be used by the organization. Policies can be defined, in orderto ensure that the recom-

mended techniques are consistently applied through organization.

These reuse techniques (including templates and/or conventions) are available for

the different reuse levels.

Some tools, or environments, can be established to support the activities towards the

reuse activities.

Besides, the reusable artifacts produced by the company, i.e. internal reusable arti-

facts, are packaged and published in a shared area in the organization in order to promote

the reuse across the organization projects. In this context, the internal reusable artifacts

produced, must be included in a configuration and evolutional management plan.

Another purpose of this levels is to implement more reusable(in contrast to just
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“usable” ) software artifacts. The focus of these reusable software artifacts is on the

functionalities and business rules that are common to more than one product developed

by the company.

The production occurs through codification, testing, documentation and packaging

of the reusable software artifacts.

In this level, during the requirements elicitation, similar and/or common require-

ments are made explicit, so that the developed reusable artifacts (or components) can be

made more generic. In the next levels, this will evolve to a full domain analysis process.

For each produced reusable software artifact, the respective interfaces are defined.

Each reusable artifact must have required / provided interfaces, describing what is

needed for it to work, and what it provides in terms of functionalities. In the higher

levels, this will evolve to a full domain-specific software architecture.

Moreover, unit tests are designed, implemented and performed for each reusable

artifact produced in this level, according to its specification. It is important to stress that

these unit tests must consider different possible reuse contexts. Besides, each reusable

artifact is documented, thus its functionalities, pre- andpost-conditions, and relevant

design rationale, are registered. The documentation must also include guidelines, release

notes (if pertinent) and a tutorial on how it should be reused.

Another issue in this level is related to reuse open source resources. Thus, a set

of reusable open source components and/or framework can be selected to be used in the

company solutions. It is important to highlight the concernwith the Intellectual Property

Right (IPR) of the reusable open source artifacts and of the solutions which are produced

by the company.

Thus, a set of reusable open source components and/or frameworks can be estab-

lished and published in a shared area in the organization to be reused in the company

according to the IPRs of the open source artifacts. Moreover, the documentation of

these reusable open source components and/or framework selected need to be artifacts

available for the whole company. Also, a set of reusable opensource GUI resources can

be established to be reused in the company.

Furthermore, in this level, the organization is able to construct more reusable (in con-

trast to just“usable” ) graphical user interfaces (and also web interfaces). The focus is

on the standards, functionalities and interfaces constructed to provide access to business

rules that are common to more than one product developed by the organization.

To construct the reusable graphical user interfaces, a set of interface standards, web

resources and/or reusable GUI templates are specified, documented, constructed and
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published to be reused in the organization solutions.

4.4.3 Level E - Planned Reuse

At this level, the company will plan its reuse efforts through a set of software reuse man-

agement processes area. The maturity level E is composed by the processes: Software

Development with Reuse; Define Reuse Standards and Quality Criteria; Reuse Goals

Definition; and Reusable Artifacts Management.

A separation between business and domain-related assets isintroduced. The objec-

tive is to maintain the implementation issues independent from the business issues in

order to increase the efficiency of the development process by reusing assets for projects

of a different nature which have similar business requirements. This is essentially impor-

tant for system families. Additionally, initial steps towards automating the engineering

process are made.

Reuse practices are standardized and deployed in the whole organization (institution-

alized).

In this level, the main idea is to develop software reusing previously constructed

software artifacts. It involves searching, selecting, adapting and integrating reusable

artifacts.

For this, it is assumed that these artifacts have been previously tested through unit

testing. Therefore, unless the reusable artifact has to be adapted, only integration testing

is needed. Otherwise, if a reusable artifact has to be adapted somehow to fit in the current

context, its implementation, documentation and unit testsneed to be updated.

In this context, a search mechanism can be deployed in the development environment.

Prior to deciding on whether some part of the application will be developed from scratch

or will be reused, a search activity must be performed, in order to locate potentially

reusable artifacts.

Moreover, a decision making process is implemented, to decide whether to reuse,

build or buy some artifact. If it is pertinent to buy one (more) COTS, consider the

Acquisition Process, from ISO 12207:2008, activities and tasks.

Besides, integration testing is planned and performed and the combined reusable arti-

facts must be tested as a whole, to detect integration errors. The reuse effort is estimated

for the reusable artifacts integration into the system. This practice aims at estimating the

effort needed to reuse an artifact.

The second point in this level is the definition of a set of reuse standards and unified

rules on how to organize the reusable artifacts. The standards also include design rules
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with respect to creating different types of reusable artifacts. For implemented reusable

artifacts, software development best practices, methods and techniques, i.e. design or ar-

chitectural patterns, can be used. The company’s reuse standards represent an evolution

of the developed reusable artifacts conventions defined in level F for the projects.

Examples of a reuse standards for the different reuse levels(code, design and docu-

mentation) are:

• A set of architectural patterns;

• A component architecture for database access;

• An architectural pattern related to security.

Besides, the development items (i.e. source code, packagesof frameworks, XML

schemas and UML diagrams), components, and related work products that will be placed

under reuse standards are identified. Some tailoring criteria and guidelines for the com-

pany’s set of reuse standards are established and maintained and the changes in the reuse

standards are also tracked and controlled.

Still in this level, a set of goals related to the reuse initiatives are defined. A reuse

committee is created to be responsible for tracking the goals. Additionally, the reuse

goals must be defined, registered and shared with the projectmanagers and their teams,

in the areas to be benefited by reuse.

The identified and documented reuse goals are reflected in theproject plans of the

organization and a strategy to reach the reuse goals is defined, documented and shared

among the projects affected by these goals.

In this level, a reusable artifacts management environmentis established in order to

manage the reusable artifacts life cycle, maintaining the integrity of the entire artifact

configuration, considering that the reusable artifacts arereused across projects. The

goal is to facilitate the process of reusing the artifacts, by centralizing all the artifacts

and related information and, in this context, guarantee that the different versions of

the reusable artifacts are kept synchronized and that theirmodifications are properly

registered and managed.

Thus, a reusable artifacts management process is implemented, to register and man-

age (analyze, control and audit) the reusable artifacts of the software company in a cen-

tralized way. Besides, a library/repository system is usedto manage (store, search, re-

trieval and evolve) the different versions of the reusable artifacts and an asset classifica-

tion scheme is used to organize the reusable artifacts, to facilitate management, storage,
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search and retrieval. This classification scheme is constantly reviewed and updated to

reflect the evolution of the registered artifacts.

4.4.4 Level D - Managed Reuse

At this level, the company is able to manage its reuse effortsthrough a basic infras-

tructure in place to support the process. It is planned and executed in accordance with

policy, employs skilled people who have adequate resourcesto produce controlled out-

puts is monitored, controlled and reviewed and is evaluatedfor adherence to its process

description. The maturity level D is composed by the processes: Maintain Traceability

Among Reusable Artifacts; Manage Reuse Unit; and Reuse Integration into the Software

Life Cycle.

The idea in this level is start the activities related to maintain the traceability between

reusable artifacts, i.e. to keep the links and mappings among related artifacts explicit, as

they are generated as a result of the reusable artifacts development.

To do this, a traceability framework must be defined with components or models to

be traced, types of links, directionality, automation, etc. This framework documents all

relationships among the reusable artifacts and the way theyrelate to each other. More-

over, a set of traceability requirements is identified and documented for the company

development process and integrated in the development process in order to maintain the

necessary information on the links between the different reusable artifacts.

Furthermore, the software configuration management and version control must in-

clude information about the traceability links.

In this level, the reuse committee is transformed into a special unit in the company.

This unit should have the necessary powers and responsibilities to monitor and control

reuse inside the projects of the company. In this context, a set of rules and responsibilities

is defined for the reuse committee and a group of well-trainedand motivated members is

selected to compose the committee. Besides, communicationchannels are established,

according to a documented procedure.

Finally, in this level, an initiative in order to promote theintegration between reuse-

specific practices and work products and the company’s software process is conducted.

This integration involves a careful study of how the existing process can accommodate

new practices, and how the integration should be performed.This process area is also

responsible for monitoring and controlling this integration, with the objective of promot-

ing a smooth transition.

Thus, the reuse activities are partitioned into sub-activities and integrated into the
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software life cycle, an institutionalized version of the reuse-oriented process is defined,

documented and adopted by the company and a mechanism (i.e. knowledge management

tools, corporate social networks and collaborative tools)to allow the reuse engineers to

work with developers is established.

4.4.5 Level C - Family-Oriented Reuse

At this level, the company is able to evolve to a systematic way to produce its prod-

ucts. The company’s process is a managed process that is tailored from the company’s

environment (domain) according to the family-oriented products guidelines, work prod-

ucts, measures, information and other process improvements. The maturity level C is

composed by the processes Domain Analysis; Domain Design; Domain Realization;

Domain Testing; and Reusable Software Artifacts Decay.

The purpose of Domain Analysis is to identify and formally define the target domain.

It involves identifying and documenting the scope of the domain and the commonalities

and variabilities within this scope. This process area is anevolution of results obtained

in level F.

The organization specify a procedure to define the domain scope, to identify vari-

abilities and commonalities and to identify the constraints among the domain features.

The company can tailor its specifics procedures based on a domain analysis process

(Kanget al., 1990; Bayeret al., 1999; Almeida, 2007).

At this level, the target domain is identified and formally defined. Existent and poten-

tial applications can be analyzed in order to help identifying the domain features, scope,

variability and commonality points and the constraints of the domain features.

The purpose of the Domain Design is to formally design a domain-specific refer-

ence architecture that defines the structure or structures of the domain (and systems

that compose the domain), which comprises software components, the externally visi-

ble properties of those components, and the relationships between them. Documenting

domain reference architecture facilitates communicationbetween stakeholders, allows

early decisions about high-level design, and allows reuse of design components and pat-

terns between projects. The concern with a domain-specific reference go beyond mere

required/provided interfaces as defined in results of levelF. Here, the design of the en-

tire domain, and not only individual assets, must consider domain-wide integration and

reusability.

Moreover, a reference architecture is established in orderto define the structure or

structures of the domain (and systems that compose the domain) and determines the
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way the domain systems are built. Requirements, including their variability, have to

be mapped to technical solutions, to be used during the realization of the domain. The

reference architecture includes a variable structure(s) that is the basis for the structures

of all applications in the domain.

The information about the domain (systems) is clustered in abstractions by consider-

ing certain aspects only. This reduces complexity of the design. Separate abstractions

deal with different aspects of the systems. The abstractions are related to each other

through modeling activities in order to enable reasoning about them.

Besides, simulating activities can be performed to “execute” certain models in order

to measure certain domain aspects. There is often a softwareexecution theory avail-

able that allows translating the measurement results into actual system properties (if

pertinent). Furthermore, prototyping activities can be performed to produce fast imple-

mentations, covering important domain aspects. The purpose is to execute the prototype

to measure how the actual domain behaves (if pertinent).

In addition to the design activities, an architecture analysis and evaluation can be

carried out. This evaluation should identify and prioritize business goals, also known as

quality attributes, to be achieved by the reference architecture.

The goals of the Domain Realization are to provide the detailed design and the im-

plementation of reusable software artifacts, based on the reference architecture. This

process area is also an evolution of results of the level F. Here, the implementation aims

at producing assets that are reusable in a more focused context - the domain.

In this context, after the domain analysis and design process, the family-oriented

reusable artifacts are constructed. At level F), each implemented reusable artifact was

constructed to conform to required / provided interfaces. Here, the reusable artifacts

must comply not only to interfaces, but also to domain-specific reference architecture,

i.e. here a family-oriented interface is achieved.

Still at level F, the reusable artifacts had unit tests to verify/validate their functionality.

Here, these unit tests may include different concerns that arise from the family-oriented

approach that starts in this level. While in level F the testsaimed at exercising generic

characteristics and constraints, here the tests focus on the family-oriented reference ar-

chitecture and its characteristics and constraints.

Another important issue at this level is the concern with thedomain testing. The

purpose of Domain Testing is to validate the output of the other domain engineering

process areas. The main focus is on the validation of the realization artifacts. Besides,

in contrast to single-system engineering, testing activities in family-oriented approaches
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have to consider family-oriented variability as well as thedifferentiation between the

two development processes, i.e. domain and application engineering. Thus a domain

test plan with one or more test strategies for testing family-oriented artifact must be

considered (Zenget al., 2004; Pohlet al., 2005; ?).

Examples of test strategies for testing family-oriented artifacts are: Brute force strat-

egy; Pure application strategy; Sample application strategy; and, Commonality and reuse

strategy.

Besides the domain unit tests defined in level D, a set of reusable test artifacts, such

as test cases, test suites and test scripts, must be designedand constructed in accordance

with the domain artifacts defined earlier, i.e. domain requirements, reference architec-

ture and reusable artifacts.

Still at level D, domain unit tests validates the behavior ofa reusable artifact against

its input/output behavior specified in the corresponding specification. However, in prac-

tice there are even more test levels. The architecture provides layers or subsystems that

can be tested incrementally. Thus, there may be several incremental integration test lev-

els. Incremental integration testing reduces complexity since earlier increments have

already been tested and can thus be assumed to be correct during the test of the next

increment. The integration test is usually performed on units or components that have

successfully passed the unit test.

Examples of integration test strategies for testing family-oriented artifacts are

(Burnstein, 2003): Big-Bang, a non-incremental strategy that integrates all components

that have succeeded in unit tests andIncremental, the components are integrated as suc-

cessfully pass the unit tests.

Besides the domain integration tests, another coarse-grained level test must be per-

formed to validates the behavior of a whole system against its system requirements spec-

ification. Thus, domain system test must be performed. The internals of the system are

usually not considered during a system test. The system requirements define the desired

behavior of the system. System tests validate the implemented system against the spec-

ification. In order to detect defects that are caused by modifications/evolutions to the

reusable artifacts, the reference architecture and/or theinterrelationship among them, re-

gression test must be performed. In regression testing, test cases of older versions of a

software product are reused to test a new software version.

Examples of test cases for testing family-oriented artifacts are (Leung and White,

1989):

• Reusable Tests: Responsible for testing a unmodified portion of the specification
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and architecture structure. They are still valid but do not need to be executed again

to guarantee the regression testing safety;

• Re-testable Tests: This class includes all tests that should be repeated because the

software structure was modified, even though the specification regarding to the

software structure are not modified. They are still valid andneed to be rerun;

• Obsolete Tests: Comprehend the test cases that can not be executed on the new

version, since they become invalid for the new context.

Finally, the last concern at this level is related to reusable software artifacts decay

where the purpose is to end the existence of a reusable software artifact. The reuse com-

mittee group must be able to specify and apply methods in order to end active support

by the operation and maintenance organization, or deactivate, disassemble and remove

the affected reusable software artifacts, consigning themto a final condition and leaving

the environment in an acceptable condition (ISO/IEC, 2008a).

In this context, a software disposal strategy is defined by the reuse committee. Other

professionals with different skills can be involved. In addition, a set of disposal con-

straints are provided as inputs to the reusable software artifacts requirements and the

reusable software artifacts are destroyed or stored according to the strategy proposed.

4.4.6 Level B - Reuse

At this level, the company is able to quantitatively manage its reuse program using quan-

titative techniques or methods. Quantitative objectives for quality are established and

used as criteria in managing the reuse program. The maturitylevel B is composed by

the processes: Asset Quality Control and Reuse Cost Model.

The first concern in this level is with the asset quality control. The purpose is to estab-

lish quality goals for reuse-based constructed software products. The reuse committee

and SQA group must be able to understand and apply methods in order to measure the

performance, collect the reuse process execution results and ensure continuous reuse

improvement.

A program with goals, activities and tasks for reusable software artifacts must be

documented. Tools can be selected to aid in the activities execution, as well as meth-

ods and techniques to measure the performance and assure thequality of the reusable

artifacts.

In order to help the organizations to make decisions concerning reuse investments,

including whether or not to invest in a reuse program, whether to choose a specific type
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of reuse over another, and whether or not to consider reuse and invest in some other type

of technique or process a reuse cost model must be investigated and defined.

Costs and benefits functions are identified or defined to drivethe cost model. These

functions are documented and shared by the responsible for the decision making process

related to the reuse questions. Thus, a set of reuse scenarios and costs and benefit func-

tions are defined to provide savings or losses estimates. Thereuse scenarios can be used

to provide different costs and benefits viewpoints.

An investment analysis can be carried out. The output of an economic viewpoint

highlights if it is valuable to invest or not in one or more reuse scenarios within a reuse

program.

Traditional economic functions can be used to perform cost-benefits balance, such as

(Lim, 1998): Net Present Value (NPV); Return on Investment (ROI); and Internal Rate

of Return (IRR).

4.4.7 Level A - Pro-Active Reuse

At this level the company is able to develop and incrementally evolve a pro-active nature

for the organizational reuse program. It involves process areas and techniques for antic-

ipating reuse opportunities, based on the previous projects, quantitative and qualitative

understanding of the market and the current application domains. The maturity level A

is composed by the processes ROI and Market Conditions Analysis and Reuse Assets

Predictability.

The idea at this level is to investigate and analyze the return on reuse investment

and market conditions. The objective is to aid in strategic planning regarding new reuse

directions and the develop/reuse/buy decision making process.

The organization is able to create procedures and mechanisms to analyze, store and

share with all interested parties within the company the return on reuse investment. In

addition, new business opportunities and market conditions are analyzed, stored and

shared with all interested parties within the company.

In this context, the organization can produce a document containing a formal state-

ment of all reuse-specific considerations, including reusegoals, the reasons why they are

believed attainable, and the plan for reaching those goals,based on a solid ROI and mar-

ket analysis. This document is meant to be included as part ofthe company’s business

plan.

Examples of reuse considerations in the business plan are:
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• Background information about the company or team attempting to reach the reuse

goals; and

• Descriptions of the vision, current status, expected needs, defined markets, and

projected results of the business.

It is important for the organization to maintain a historic repository that stores all

decisions established during the develop/reuse/buy decision process.

The second point at this level is concerned with the reusableassets predictability in

order to try to predict reuse opportunities, in order to develop reusable domain assets

before they are identified as required in a specific application. The idea is to create a

repository with assets that are likely to be necessary in thefuture, thus new business

demands can be satisfied in a much shorter time, creating a significant competitive ad-

vantage.

Thus, a reusable assets prediction team is established, with management support

and incorporated into the reuse unit and during each life cycle phase, possibly reusable

assets are identified and the necessity of its development must be registered. The team

responsible for the reusable assets prediction can then determine if such reusable assets

should be developed or not.

4.5 Summary of this Chapter

This Chapter presented the proposed reuse reference model called RiSE-RM (RiSE

Reuse Reference Model), its characteristics, maturity levels, process areas, purposes,

results and work products.

The definition and study of the model proposed here was based on three main fea-

tures. First, the model defined in this work is based on existing software reuse concepts.

Second, this model uses both academic and industrial reports on lessons learned. Third,

the impacts of the model on software development effort, quality, security and time-to-

market are derived.

The RiSE-RM is recommended to be used as a reference model in aReuse Adoption

Program, i.e. as a basis for estimating the level of softwarereuse practice within a

company.

Next chapter presents a survey performed with some relevantexperts in the reuse

community inside a reuse community through a questionnairewith questions related to

the organization and specification of the model, its levels,process area, results and work
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products in order to evaluate the proposal in the context of feasibility, completeness and

adequacy.
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A man’s feet must be planted in his country,

but his eyes should survey the world.

George Santayana, Spanish born American

Philosopher (1863-1952) 5
RiSE-RM Survey Based on Expert

Opinion

To a company that is used to think in terms of independent projects, each one deliv-

ering a single system, introducing software reuse may causedrastic changes. It is a

new paradigm that causes impact on all development activities. Therefore, it is very

difficult to validate a reuse adoption program. For example,controlled experiments

(Kitchenhamet al., 1995) cannot be used, because this is a scenario where the entire

software development must be analyzed (Muthig, 2002), over a long period of time. As

a consequence, the independent variables cannot be fully controlled, and a proper analy-

sis and interpretation of the validation results is very hard to achieve.

Additionally, a rigorous validation of a reuse adoption program requires that different

teams implement the reuse program in the same company (same environment, require-

ments, constraints, etc) but with different underlying paradigms or proposals. Only in

this way the reuse adoption program (and its components, i.e. reuse reference model

and capability assessment methods) can be analyzed, allowing one to draw solid conclu-

sions about its benefits, obstacles, strong and weak points.The requirement of having

at least two teams working independently and concurrently in the reuse adoption in the

same company over a long period of time (Bauer, 1993; Endres, 1993; Joos, 1994; Griss,

1995a; Andrews and Blechar, 2004), however, it is a requirement that most industrial

companies can not or do not want to fulfill, due to many imposedconstraints, like bud-

get limitations to invest in innovative programs, which is avery common situation in

Brazilian companies.

For this reason, researchers and practitioners working in this field tend to find al-

ternative ways to evaluate and validate their proposals. Inthis sense, techniques like

expert opinion and case studies can be very helpful in providing valuable feedback. In

75



5.1. EXPERT OPINION

the next two chapters, the RiSE Reference Model (RiSE-RM) isevaluated against the

requirements identified from the state of the art and the current state of the practice for

reuse reference models. The evaluation consists of two parts: a survey based on expert

opinion, presented in this chapter, and a case study, conducted with Brazilian software

companies, presented in the next chapter.

5.1 Expert Opinion

Expert Opinion can be defined as a series of scientific endeavors which are employed

to interpret data, predict a system’s behavior, and assess uncertainties (Cooke, 1991). It

is about“the speculations, guesses, and estimates of people who areconsidered experts

in so far as these serve as “cognitive input” in some decisionprocess”(Cooke, 1991;

Li and Smidts, 2003).

The widespread use of expert opinion stems from the fact thatknowledge in many of

the fields involved in probabilistic analysis and decision-making processes is generally

rare and incomplete. Likewise, the experimental or statistical information on the basis of

which predictions or decisions can be made is not easily available (Li and Smidts, 2003).

Our process for expert opinion was inspired in the work ofLi and Smidts(2003),

and it is composed of the following steps:

1. Problem Statement. The background and problem need to be clearly system-

atized and defined;

2. Selection of Experts. A number of experts need to be identified based on a set of

criteria which should include the credibility, knowledge ability, and dependability

of experts;

3. Elicitation of Opinion . This step poses the right question and ensures conditions

conductive to an elicitation process;

4. Aggregation of Opinion. The idea is to reach an aggregated opinion or a consen-

sus based on which a decision can be made;

5. Decision Making. This last step makes the decision based on aggregated opinion.

Current research in software engineering is making constant use of expert opinion.

However there is still some controversy (Kitchenhamet al., 2007) and skepticism in

the scientific community regarding this subject, and no universally accepted framework
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for handling the expert opinion is available (Li and Smidts, 2003). Some of the hesita-

tion in accepting the use of expert opinion stems from the high degree of subjectivity

in previous exercises where expert opinion has been used (Li and Smidts, 2003). Be-

sides, other researchers emphasize the problem of relying on informal evidence that

may be influenced by personal opinion (Kitchenhamet al., 2007). Finally, according to

Li and Smidts(2003), the number of experts required in a study, the bias identification

and calibration, and the expert opinion aggregation technique are issues that need to be

clarified before a study that uses expert opinion can succeed. In the next sections, these

issues are discussed in details.

5.2 The number of experts

A priori, if an expert is perfect (i.e. s/he has infinite knowledge on the topic under study

and never errs), the number of experts needed for an expert elicitation process is one.

However, there is a tendency of pursuing as many experts as possible, justified by a

perception of safety in numbers.

When we consider the university of experts, we can notice that there are many

sources of dependence among experts, i.e. similarities in training, education, and ex-

perience. Research has shown that if the experts are dependent, then the reduction in

uncertainty1 approaches a limiting value, thus making the use of many experts unnec-

essary (Clemen and Winkler, 1985; Li and Smidts, 2003). Hence, this result can be of

monumental value in practice because it means that expert judgment exercises could

succeed with a smaller number of experts.

Li and Smidts(2003) discussed the difference between the role of the expert in an

expert opinion process and the role of a sample used in a statistical calculation. For

them, expert opinion elicitation is“the acquisition of the experts’ knowledge of the real

world and if the expert is credible, even one expert is adequate for the elicitation of the

true value”. Besides, if the experts are dependent, increasing the number of experts will

not aid in improving the accuracy or credibility of the issues elicited. On the other hand,

sampled data represent a probabilistic instance of a phenomenon and the accuracy of

the description improves by increasing the size of the sample. For this thesis, according

to the issue of experts dependencies, 20 potential candidates were selected, composing

the group of experts elicited in the survey. These representcredible representatives of

1By uncertainty, here we mean the difference between the expert input and the true value. This differ-
ence is a stochastic variable.
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different and independent groups in the software reuse community, according to some

predefined criteria. At the same time, 20 is a good sample size, considering that these

were all highly skilled and well-known experts. However, among these, only 5 actu-

ally participated in this study. Next section further describes the selection process and

criteria.

5.3 Expert selection in this study

In an ideal context, the experts should be chosen according to the most accurate estimates

or judgments (NUREG-1150, 1989). However, there is not a well-defined and known

standard (Li and Smidts, 2003) of how exactly it can be achieved, so we can formulate

a criteria that can be used to systematize the selection process. NUREG-1150(1989)

presents a set of guidelines for the experts selection:

1. Experts should have demonstrated experience by publications, hands-on experi-

ence, and consulting or managing research in the areas related to the issues under

study;

2. Each expert should be versatile enough to be able to address several issues and

have extensive experience to consider how these issues would be used;

3. Experts should represent a wide variety of experiences asobtained in universities,

consulting firms, laboratories, nuclear utilities, or government agencies;

4. Experts should represent as wide a perspective of the issue as possible; and,

5. Experts should be willing to be elicited under the methodology to be used.

We selected 5 experts based on the previous guidelines. Primary requirements for

the study were knowledge of software reuse and software reuse adoption. Furthermore,

according to the recommendations ofNUREG-1150(1989), experts from industry and

academia with different backgrounds and affiliations were selected. Twenty experts were

considered as candidates for this study and were contacted.Five said that they did not

have time to contribute with the research, one informed thathe has retired and therefore

did not participate in reuse programs in last years, seven did not answer the invitation

and two did not send the response for the survey in time. The final list of experts was

based on their availability and interest in this study, and as shown in Table5.1.
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Expert Occupation
David Weiss Academy/Industry
David Rine Academy/Industry

Frank van der Linden Academy/Industry
John Favaro Industry

Maurizio Morisio Academy

Table 5.1 List of experts that participate in the study

5.4 Expert bias and calibration in this study

Tversky and Kahneman(1974) divided expert biases into two classes: location bias and

overconfidence bias. The former refers to the systematic over or underestimation of the

variable quantity, and the latter refers to a tendency to state an artificially smaller range

than the actual state of knowledge of the expert mandates. The assessment and com-

pensation of these biases by the analyst are known as expert calibration. An additional

method for reducing overconfidence biases is to encourage experts to find reasons that

would contradict their initial opinions. But then, the location biases are corrected by a

Bayesian aggregation method (Chhibberet al., 1992; Li and Smidts, 2003).

In this thesis, we defined the expert opinion elicitation process in such a manner that

the experts provided detailed explanations for their ratings. In addition, they were also

contacted to clarify doubt points and no obvious biases werefound.

5.5 Experts opinion aggregation in this study

Li and Smidts(2003) stated that when aggregation methods have been used, they range

from easy-to-use methods such as simple averaging of several expert inputs to more

complex techniques such as the classical model (Chidamber and Kemerer, 1994) and

Bayesian aggregation (Chhibberet al., 1992).

Some studies in other areas such as forecasting demonstratethat aggregation of ex-

pert opinions is necessary since they indicate that aggregated opinions, even if they are

obtained by only simple average, are consistently better than the opinions of individual

experts (Armstrong, 1985). Arithmetic and geometric averages, for instance, are two

aggregation methods used in practice. These methods presuppose that all experts are

equally weighted, which is a strong assumption. However, this has not prevented them

from being used widely in practice (Li and Smidts, 2003).

In our study, we adopted the arithmetic average aggregationmethod based on the
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judgment justified by our analysis of experts responses thatno significant biases were

introduced in the study. Furthermore, all experts were equally weighted during the ag-

gregation since no significant difference was observed in terms of experts’ credibility

and importance.

5.6 Research approach

The approach for this study was systematically organized infour phases. In the first

phase, the goal was to define, evaluate and validate the survey. In the second phase, the

experts were selected and contacted according to the guidelines previously discussed. In

the third phase, the survey was sent to the experts and the data were collected. Finally,

in the fourth phase, the data were analyzed with the objective of characterizing the RiSE

Reference Model (RiSE-RM) with respect to its feasibility,based on expert opinion. The

next sections discuss each phase in details.

5.6.1 The survey

The survey consisted of a questionnaire developed after an extensive review of the

literature, with a strong influence from previous work related to software reuse

(Frakes and Isoda, 1994; Rine, 1997; Morisio et al., 2002; Lucrédioet al., 2008),

empirical studies (Rine and Nada, 2000b,a; Li and Smidts, 2003), survey research

(Pfleeger and Kitchenham, 2001; Kitchenham and Pfleeger, 2002a,b,c,d, 2003) and from

industrial and academic evidence experienced from our research group. The first version

of the survey was defined in October 2009 and was revised for two months. The revi-

sion was accomplished together with a software quality improvement researcher and

four software reuse researchers from our group. It is important to highlight that these

researchers did not participate in the survey, but they did participate in a pilot project,

conducted to estimate the time needed to complete the surveyand to raise other relevant

aspects.

During this review process, six versions of the survey were generated. The main

improvements in relation to the first version were related tothe scope of the survey, the

sequence and group of the questions and some clarification points in the questions.

80



5.6. RESEARCH APPROACH

5.6.2 The questions

The main goal of our study was to evaluate the RiSE-RM feasibility, completeness and

adequacy based on expert opinion. In this sense, the questions asked issues related

to: experts role in industrial projects; the way the levels are distributed in the model;

the specification, description and main goal of the maturitylevels; goals related to the

process areas; results and work products related to the goals/process areas; possible gaps

in the evolution prescribed by the maturity levels; the difficulty in evolving through the

maturity levels; and, if it is possible for a company to obtain benefits of reuse without

being in the higher levels of maturity.

The final questionnaire is composed of 1 closed question and 19 open questions and

it was designed to be concluded in 1 hour. The first part was introductory and defined

the project scope, goals and some definitions and instructions. The second part was

composed of the questions. Our previous experience in studies like this (Lucrédioet al.,

2008), the guidelines published in the literature (Pfleeger and Kitchenham, 2001;

Kitchenham and Pfleeger, 2002a,b,c,d, 2003) and previous surveys (Frakes and Isoda,

1994; Rine, 1997; Morisio et al., 2002; Lucrédioet al., 2008) were very important for

the questionnaire design and evaluation.

5.6.3 Data collection and analysis

The questionnaire was sent by email to all the experts in December 2009 and in January

2010 all of them were collected to analysis. In some situations, doubts were identified

in the answers and the experts were contacted again to clarify them. In the study, 3

experts were contacted to clarify some issues, mainly related to question goals and the

relationship between RiSE-RM and other models.

5.6.4 Collected data

From the five experts that participated in the study, four were working in the U.S. and

one in Italy. One expert works exclusively in industry, one works exclusively in academy,

while the other three work in both. Four of the experts hold a Ph.D. in computer science.

All five of them have worked in software reuse projects in the last five years. In ad-

dition, all of them were general chairs, program chairs, program committee members

or keynote speakers in the main conferences related to software reuse such as Interna-

tional Conference on Software Reuse (ICSR) and International Software Product Line

Conference (SPLC).
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5.7 The survey results

This section presents the analysis of the data collected in the survey, discussing each

issue in details and highlighting some correlation points that must be considered.

5.7.1 Role in Reuse Projects

Initially, we asked the best role that the experts have played in software reuse projects

in the last five years. The idea is to try to isolate the experts’ roles and next analyze

the reuse practices adopted by them. In order to isolate the main role, we provided the

experts the possibility of choosing all roles played by him,but making clear what was

the main role. Thus, we asked him to consider the main role selected when answering the

other questions. Figure5.1shows this distribution. In general, the experts have worked

as consultants, mostly.

Figure 5.1 Role of the Experts

Two experts have also worked with additional roles. Expert Ahas worked as soft-

ware architect, software engineer and consultant. Expert Bhas worked as project man-

ager, software engineer and consultant. But in both cases, the main role chosen was

consultant.

We checked out with one expert the role of“other” since in our opinion it could be

a kind of consultant. However, he explained that it was a morebroad sense and it is
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related to directed research group that worked with software development companies to

introduce various software engineering technologies, including reuse, and lead projects

to experiment new technologies before trying to introduce them. He classified his role

as an“inside researcher and technology transferrer”.

5.7.2 RiSE-RM organization

In the second question, we asked if the RiSE-RM organizationis suitable for evaluating

reuse maturity. Organization, in this case, means the way the levels are distributed in

the model. The objective here was to identify if the distribution of the levels and the

evolutional path through them is well-defined and understandable. The experts could

select more than one alternative. Figure5.2shows the distribution.

Figure 5.2 RiSE-RM organization is suitable for evaluating reuse maturity

Expert Aaffirms thatone or more maturity levels need to be mergedand justify:

“At least B & C, and probably B & D. Measurement should come much earlier. The eco-

nomic model should also include a value model, rather than just the cost-based model

described.”. Additionally, he also considered thatone or more maturity levels need to

be updated, affirming that“Level C uses only one view of the family-based approach,

and not a very good one. Among other things, it seems to ignoredomain specific lan-

guages”.

Expert Baffirms thatone or more maturity levels need to be included, suggesting
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the following: “A new maturity level with product-line process areas such as, Product

Line Reuse; Testing of Product Line Reuse; Testing of Deployed Reusable Software while

Operational”.

Expert CandExpert Ddid not make any consideration about this question.

Expert Eaffirms thatone or more maturity levels need to be updated, suggesting:

“I am not sure how it best can be updated, although I have the feeling that business

aspects (MRU, RCM, MCA) and technical aspects (the others) are intermixed, but they

can be implemented in different orders”.

5.7.3 RiSE-RM Specification

In the third question, we asked if the RiSE-RM specification is suitable for evaluating

reuse maturity. Specification, in this case, means the description and main goal of the

levels in the model. The objective here was to identify if thedescription and purpose

of the levels are well-defined, coherent and feasible, considering the state of the art and

the state of the practice. The experts could select more thanone alternative. Figure5.3

shows the distribution.

Figure 5.3 RiSE-RM specification is suitable for evaluating reuse maturity

Expert Aaffirms thatone or more maturity levels need to be updatedand justify:
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“The whole model is based on the assumption that there is value in distinguishing among

7 levels when I do not think there is any evidence for this. Without some empirical data,

how do you know that any level provides more value than any preceding level. (This is

still an issue of contention for CMMI, although most people seem to ignore it.)”.

Expert Baffirms thatone or more maturity levels need to be included, suggesting

the following: “A new maturity level with software reuse maintenance and evolution

process areas such as, Reuse Evolution; Reuse Stability; Reuse Decay”. Moreover, he

suggests that this new level should be merged with level C.

The other experts did not make any consideration about this question.

5.7.4 A natural path from informal reuse to systematic reuse

In the fourth question we asked if the RiSE-RM maturity levels represent a natural path

from informal reuse to a systematic reuse. The experts couldselectYesor No for each

maturity level. If the expert selectedNo, we asked him to justify his choice. Figure5.4

shows the distribution of the answers.

Figure 5.4 RiSE-RM as a natural path from informal to a systematic reuse

Expert AselectedNo for all maturity levels and justify:“No organization could be

characterized as being at a particular level. There are manydifferent kinds of activities

going on that might constitute reuse of one sort or another inevery organization. The

views here are much too subjective and not supported by any evidence.”.
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Expert BselectedNo for the following maturity levels, with the respective justifica-

tions:

• Level E - Planned Reuse:“Product Line Testing and Optimal Product Line Testing

is essential. Rine et. al. cover this in papers published at Software Engineering

Product Line Reuse conferences”.

• Level D - Managed Reuse:“The evolution, decay and stability of reusable assets

is essential to software reuse risk management. See the publications of Rine and

Mahmoud Elish, plus other research about stability and software decay.”

• Level C - Family-Oriented Products Reuse:“The evolution, decay and stability of

reusable assets is essential to software reuse risk management.”

Expert Cdid not make any consideration about this question.

Expert DselectedNo for Level C - Family-Oriented Products Reuse, with the jus-

tification: “Although I basically agree with the placement of this level, it is the most

problematic, because when you start doing domain oriented reuse, you are probably

also doing economic analysis of the market, which you have allocated to a higher matu-

rity level.”.

Expert EselectedNo for Level D - Managed ReuseandLevel C - Family-Oriented

Products Reuse, with the same justifications:“It may be useful to explicitly also include

the roles and activities of people applying the reuse in product building. They are now

mentioned in level E only. They should be actively involved in discussion with the domain

people preparing the reuse.”.

5.7.5 Level G

Level G is only a start level, without any process areas defined for it. In the fifth question,

we asked the experts if they think level G is necessary and if they think there should be

one or more process areas in this level. The idea here was to identify if this start level is

really necessary.

All experts considered Level G necessary in the model and none of them considered

that there should be process areas in this level.

5.7.6 Level F

In the sixth question, we asked if the Level F process areas are correctly described. The

idea was to identify gaps, mistakes and/or possibility of improvement in the Level F

86



5.7. THE SURVEY RESULTS

process areas. Figure5.5shows the distribution.

Figure 5.5 Level F process areas

Figure5.6shows the distribution between the process areas.

Expert Aselected“No, a new process area needs to be included”and affirm that

“It isn’t that a new process area needs to be described, it’s that there will always be many

variations of the situation that you attempt to describe. The descriptions are too vague

to be objectively evaluated and there are no criteria supplied for such evaluation. Until

you can supply specific, measurable criteria, this whole model is too fuzzy to be really

helpful.”.

Expert Balso selected“No, a new process area needs to be included”, and justify

with the previous answers of questions 2 and 3. Besides, he also selected“No, the

process area RAI needs to be updated”, and affirmed that“Reuse testing involves

much more than just unit testing”.

Expert CselectedYes for both process areas, however he made an observation:“as

for level F, be sure to consider reuse of open source components, that I guess is the most

common nowadays. This implies some process about Intellectual Property Rights”.

The other experts did not make any consideration about this question.

Question 07: Level F results and work products.

In the seventh question, we asked if the results and work products of Level F process

areas are described correctly. The idea here was to identifyif the results are feasible,

complete and appropriate for the respective process areas.We also wanted to identify

gaps, mistakes and/or improvement possibilities. Figure5.7shows the distribution.
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Figure 5.6 Considerations about Level F process areas

Figure 5.7 Level F results and work products
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Expert Aaffirmed that“No, some results in the BRT process area need to be

included” according to his earlier comments (question six).

Expert Baffirmed that“No, some results in the RAI process area need to be

included” , and cite that“RAI3 is not correct. There are missing parts. RAI2 does not

consider reusable GUI’s in Web Software”.

The other experts affirmed that“Yes, the set of results of the both process areas

are correctly described and are enough for this level.”.

5.7.7 Level E

In the eighth question, we asked if the Level E process areas are correctly described.

The idea was to identify gaps, mistakes and/or possibility of improvement for the Level

F process areas. Figure5.8shows the distribution of the answers.

Figure 5.8 Level E process areas

Figure5.9shows the distribution among the process areas.

Expert Aaffirmed that“No, a new process area need to be included”according to

his earlier comments (questions three, four and six).

Expert Baffirmed that“No, the process area needs to be updated”for the follow-

ing process areas, with these respective justifications:

• DWR: “DWR3, DWR4 are incorrect. They must consider product line testing and

product line testing effort-cost.”
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Figure 5.9 Considerations about Level E process areas

• DRS:“DRS1, DRS-WP2 are incorrect. They do not consider risk analysis and the

evolution of reusable software such as in design patterns.”

Besides, he considered that the other process areas (RGD andRAM) are correctly

described.

Experts C and Ddid not make any consideration about this question.

Expert Eaffirmed that“No, the process area needs to be updated”for all process

areas in this level, and justify:

• DWR: “It would be good to stress this architecture based reuse will be easier than

(only) search-based reuse - DRW-1 mentions a search mechanism architecture will

reduce search efforts.”

• DRS:“similar - the organization should be dependent on the architecture”

• RGD: “defining a goal in % means that you also have to define a % of which? e.g.

source code lines, components, requirements covered, can the goals be different -

e.g. subsystem A must be completely be reused, subsystem B has several variants

for certain functionalities that needs to be selected, subsystem C is partly not yet

reusable. . . ”

• RAM: “RAM3 is related to architecture - see remarks above”
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Question 09: Level E results and work products.

In the ninth question, we asked if the results and work products of Level E process

areas are correctly described. The idea here was to identifyif the results are feasible,

complete and appropriate for the respective process areas and to identify gaps, mistakes

and/or possibility of improvements. Figure5.10shows the distribution of the answers.

Figure 5.10 Level E results and work products

Expert Aaffirmed that“No, some results in the process areas need to be included”

according to his earlier comments (questions three, four and six).

Expert Baffirmed that“No, the process area needs to be updated”for the follow-

ing process areas, with these respective justifications:

• DWR: “DWR2, DWR3 are incorrect. Reusable Test Designs and Materials must

be included, and included as reuse work products, includingcost and effort.”

• RGD: “RGD1 and related items are incorrect. Formal requirementsreuse and

reusability and not accurately included.”

Experts C and Ddid not make any consideration about this question.

Expert Eaffirmed that“No, the process area needs to be updated”for the follow-

ing process area in this level, and justify:

• DWR: “only an integration testing plan is somewhat weak. do the search mecha-

nisms not lead to a result? - or the architecture?”
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• DRS: “here the architecture should be mentioned, since they define both results

mentioned here”

5.7.8 Level D

In the tenth question, we asked if the Level D process areas are correctly described. The

idea was to identify gaps, mistakes and/or possibility of improvement of the Level F

process areas. Figure5.11shows the distribution of the answers.

Figure 5.11 Level D process areas

Figure5.12shows the distribution among the process areas.

Expert Aaffirmed that“No, a new process area need to be included”according to

his earlier comments (questions three, four and six).

Expert Baffirmed that“No, the process area needs to be updated”for the REI

process area with this justification:“REI-WP2 does not include stability analysis of

reuse integration. This is also related to integration problems when software decays and

introduces risks.”

Expert Caffirmed that“No, the process area needs to be moved”for the MRU

process area with this justification“as for level D, you imply having a reuse unit - may

be this is too strong as a requirement (thinking agile ..)”.

Expert Daffirmed that“No, the process area needs to be moved”for the TRA

process area with this justification:“It seems to me that traceability concerns might

start at a previous level, where you start tracking reusableartifacts.”
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Figure 5.12 Considerations about Level D process areas

Expert Edid not make any consideration about this question.

Question 11: Level D results and work products.

In the eleventh question, we asked if the results and work products of Level D process

area are correctly described. The idea here was to identify if the results are feasible,

complete and appropriate for the respective process areas and identify gaps, mistakes

and/or possibility of improvements. Figure5.13shows the distribution of the answers.

Expert Aaffirmed that“No, some results in the process area need to be included”

according to his earlier comments (questions three, four and six).

Expert Baffirmed that“No, the process area needs to be updated”for the REI

process area with this same justification:“REI-WP2 does not include stability analysis

of reuse integration. This is also related to integration problems when software decays

and introduces risks.”

Expert Cdid not make any consideration about this question.

Expert Daffirmed that“No, the process area needs to be moved”for all process

areas. However, he said that:“there are some elements of this level that seem to be of

interest for the previous level, such as the standard definition of reuse products. Consider

reviewing these levels together and look again at how they are differentiated from each

other. Perhaps it is not so simple to differentiate those twolevels.”

Expert Edid not make any consideration about this question.
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Figure 5.13 Level D results and work products

5.7.9 Level C

In the twelfth question, we asked if the Level C process areasare correctly described.

The idea was to identify gaps, mistakes and/or possibility of improvement of the Level

F process areas. Figure5.14shows the distribution of the answers.

Figure5.15shows the distribution among the process areas.

Expert Aselected“No, a new process area need to be included”and affirmed that:

“The descriptions of a family-based reuse process (or software product line engineering

as it is now called), assumes just one kind of family-based process. However, there are

a number of different ways to do this, and it is not at all clearwhich is the best. In

fact, "best" may vary with the situation, for example, whether it’s a small project or

a large project, or whether it is a large organization or a small organization. See the

software product line hall of fame for some examples of variations. Just as one example,

however, some organizations will use domain specific languages and others will not.

Note that there is no mention of domain specific languages in the RISE-RM. Also, some

companies would include an economic model as part of the domain analysis (I would).

That economic model would include a value analysis as well asa cost analysis (the

model you refer to in Managed Reuse seems primarily cost-based). I would also expect

measurement to be a part of a family-based reuse process, andwould not separate it

into a different level. Also, reuse of third party software does not seem to be taken into

account”.
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Figure 5.14 Level C process areas

Figure 5.15 Considerations about Level C process areas
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Expert Baffirmed that“No, the process area needs to be updated”for the DAN

and DDE process areas with the same justifications:“these process areas does not seem

to include the use of product lines in determining the scope of domain analysis. This

is important since many practical elements of domain analysis consider the evolving

product line as a cornerstone”.

Expert Caffirmed that“as for level C I agree it has to be defined as such, because

it is definitely a different way of doing reuse but I am not surethat all companies should

aim at family oriented reuse. In some cases it simply does notapply because the domain

changes or is not stable”.

Expert D selected“No, a new process area need to be included”and affirmed

that: “I do not necessarily think that a new process area needs to beincluded, but this

particular level is the most problematic, because domain engineering is a particular

technique that is cross-cutting over many levels and sharessome characteristics with

many of the other levels”.

Expert Eselected“Yes, the process area is described correctly.”and did not make

any consideration about this question.

Question 13: Level C results and work products.

In the thirteenth question, we asked if the results and work products of Level C

process area are correctly described. The idea here was to identify if the results are

feasible, complete and appropriate for the respective process areas and identify gaps,

mistakes and/or possibility of improvements. Figure5.16shows the distribution of the

answers.

Expert Aselected“No, some results in the process area need to be included”and

affirmed that“Reference architecture” is a bad and vague term and should not be used.

There should be a single architecture for the family, and thearchitectures of particular

family members should be derived from it, in fact they shouldbe generated from it. See

our paperWeisset al.(2008) on the decision model in the 2008 SPLC ”.

Expert Baffirmed that“No, some results in the process area need to be included”

for the DAN1 and DDE1 process area results with this justification: “DAN1 and DDE1

does not seem to include the use of product lines in determining the scope of domain

analysis. This is important since many practical elements of domain analysis consider

the evolving product line as a cornerstone. How does DAN-WP1and DDE-WP1 use

stability?”

The other experts selected“Yes, the set of results of the process area are correctly

described and are enough for this level”and did not make any consideration about
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Figure 5.16 Level C results and work products

this question.

5.7.10 Level B

In the fourteenth question, we asked if the Level B process areas are correctly described.

The idea was to identify gaps, mistakes and/or possibility of improvement of the Level

F process areas. Figure5.17shows the distribution of the answers.

Figure5.18shows the distribution among the process areas.

Expert Aselected“No, a new process area need to be included”and suggested to

“Combine levels B and C”.

Expert Baffirmed that“No, the process area needs to be updated”for the follow-

ing process areas, with these respective justifications:

• AQC: “AQC-WP1 does not include planned measurements for reuse stability and

risk as software evolves or decays.”

• RCM: “RCM1-RCM3 do not seem to include important specific cost-effort models

for (product line) reuse testing and incorporation of stable reusable assets.”

The other experts selected“Yes, the process area is described correctly”. Besides,

the third and fourth experts did not make any consideration about this question but the
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Figure 5.17 Level B process areas

Figure 5.18 Considerations about Level B process areas
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fifth expert highlighted that“quality control is already mentioned earlier, this related to

standardized quality control”.

Question 15: Level B results and work products.

In the fifteenth question, we asked if the results and work products of Level B process

area are correctly described. The idea here was to identify if the results are feasible,

complete and appropriate for the respective process areas and identify gaps, mistakes

and/or possibility of improvements. Figure5.19shows the distribution of the answers.

Figure 5.19 Level B results and work products

Expert Aselected“No, some results in the process area need to be included”and

referred to his previous comments on the twelfth question.

Expert Baffirmed that“No, some results in the process area need to be included”

for all process areas in this level and refer to his previous comments on the twelfth

question to justify the answer.

The others expert selected“Yes, the set of results of the process area are correctly

described and are enough for this level”and did not make any consideration about

this question.
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5.7.11 Level A

In the sixteenth question, we asked if the Level A process areas are correctly described.

The idea was to identify gaps, mistakes and/or possibility of improvement of the Level

F process areas. Figure5.20shows the distribution of the answers.

Figure 5.20 Level A process areas

Figure5.21shows the distribution among the process areas.

Expert Aselected“No, a new process area needs to be included”and referred to

his previous comments on the twelfth question.

Expert Baffirmed that“No, a new process area needs to be included”and asked

that: “Where are the actual business objectives and business rules defined and evalu-

ated? Where is it explained how optimizing time to market andmonopolistic competition,

as well as cost and quality are related to the actual businessobjectives and evaluated

and defined business?”

Experts C and Dselected“Yes, the process area is described correctly”and did

not make any consideration about this question.

Expert Eselected“No, the process area needs to be updated”for the MCA process

area and justify:“I can imagine that this can be executed already earlier. However at

that stage you do not have exact measurements”.

Question 17: Level A results and work products.

In the seventeenth question, we asked if the results and workproducts of Level A

process area are correctly described. The idea here was to identify if the results are

feasible, complete and appropriate for the respective process areas and identify gaps,
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Figure 5.21 Considerations about Level A process areas

mistakes and/or possibility of improvements. Figure5.22shows the distribution of the

answers.

Expert Aselected“No, some results in the process area need to be included”and

referred to his previous comments on the twelfth question.

Expert Baffirmed that“No, some results in the process area need to be included”

for the MCA process area in this level, and justify as follow:

• “How are MCA1 and MCA2 related to the evolution of user-market domains and

the corresponding risks involved in the decay of software and the rewards of stable

software assets?”

• “How is MCA-WP2 related to the evolution of user-market domains and the corre-

sponding risks involved in the decay of software and the rewards of stable software

assets? That is as it relates to the prediction of risks and stability based upon the

evolution, changes and decay of software?”

Expert C and Eselected“Yes, the process area is described correctly”and did not

make any consideration about this question.

Expert Dselected“Yes, the set of results of the process area are correctly de-

scribed and are enough for this level”for both process areas and related to the RAP

process area he highlighted:“Remember that an action plan for reusable component
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Figure 5.22 Level A results and work products

construction must also include an explicit cost/benefit analysis. You have that already

to measure the results of reuse, but a forward looking version is also needed for future

reuse investment.”

5.7.12 Gaps in the evolution through the maturity levels

In the eighteenth question, we asked if the experts have seenany gaps in the evolution

prescribed by the maturity levels. The idea here was to identify the main failures or mis-

takes in the RiSE-RM, related to the evolutionary roadmap represented by the maturity

levels and their process areas.

As this is a subjective question, we highlighted the main collected points:

As the first point, we highlight the following opinion fromExpert A: “Since it’s hard

to see an evolution, it’s hard to see gaps. This is primarily because of the ambiguity

in the descriptions and the lack of clear criteria for deciding when an organization has

achieved a particular level.”

As a second issue pointed out byExpert B, we can highlight:“I think that I have

already identified these gaps. But generally speaking in larger, long term, longitudinal

software and systems projects the inability to take into account within your knowledge

base management processes the loss of or introduction of implicit or tacit project in-

formation between over time between project teams and phases has been observed to

be very dangerous. Rine and Obrien have described this phenomenon in recent large
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scale systems projects where reuse is incorporated. Development of software intensive

systems (systems) in practice involves a series of self-contained phases for the life cycle

of a system. Semantic and temporal gaps, which occur among phases and among devel-

oper disciplines within and across phases, hinder the ongoing development of a system

because of the interdependencies among phases and among disciplines. Such gaps are

magnified among systems that are developed at different times by different development

teams, which may limit reuse of artifacts of systems development and interoperability

among the systems. Regardless of how such phases of the life cycle incorporating reuse

may be defined in a given process, each phase has its specialized procedures and repre-

sentations, involving the tacit knowledge of each discipline. Tacit knowledge is implicit

knowledge (tacitly reused) that is experience-related, applied unconsciously, or taken for

granted, and embedded in human routines, organizational culture, and existing systems.

Tacit knowledge contrasts with active knowledge, which is embedded in the human con-

sciousness, and with passive knowledge, which is referred to as “. . . information, written

down, printed on paper, or stored on electronic devices”.”

Finally, Expert Balso highlighted that:“Requirements for a system may be hidden

in tacit knowledge. Knowledge management techniques incorporating reuse can be used

to convert tacit knowledge about a system into active knowledge that can be transformed

into information to preserve the semantics of the system, i.e. regarding undocumented

semantics residing in software code and human consciousness.”

5.7.13 The most difficult level transition

In the nineteenth question, we asked the experts which step they considered the most

difficult level transition and why. The idea here was to identify the main gaps, failures

or mistakes in the transition among the maturity levels of the RiSE-RM.

Expert Aanswered that“This is an unanswerable question with the current descrip-

tions. It also depends on many factors, e.g., morale in the organization, level of exper-

tise in the organization, willingness of the organization to invest in training and support,

etc.”

Expert Banswered that the most difficult level transition is from level E to D because

“Semantic gaps may be compounded by temporal gaps, which mayoccur for a variety of

reasons between phases and systems, such as the following:

• Organizational budget and approval processes

• Staffing delays related to hiring or training
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• Scheduling conflicts

Unless scheduling is closely synchronized among disciplines, there may also be tem-

poral gaps from discipline to discipline within a phase, as each completes its work.

The impact on semantic gaps occurs when the temporal gap is sufficient that stake-

holders (including subject matter experts and developers)and/or needed artifacts for a

phase or discipline are not available for consultation or reference. A stakeholder who

needs to understand the semantics of the system - e.g., to begin the next phase or related

system - may not have the means to do so efficiently and effectively. Temporal gaps are

likely to be greatest between systems, where the influence ofthe organizational, staffing,

and scheduling considerations noted above would be greatest. ”

Expert Danswered that the most difficult level transition is from level B to A because

“it brings one out of the technical/managerial domain into the area of corporate strategy,

which is an area that is entirely unfamiliar to software engineers. This means that they

must learn many things that they are unlikely to know, and arenot present in the software

engineering literature.”.

Expert Eanswered that the most difficult level transition is from level G to F because

“The first step is always the hardest - you have to be convincedthat you should starts,

without much benefit initially.”

5.7.14 Benefits of reuse in the earlier levels

Finally, in the twentieth question we asked the experts if they think if it is possible for

a software organization to obtain benefits of reuse, such as reducing the software pro-

duction costs, time and effort and consequently improving the quality and productivity,

without being in level A? We also asked:“At least at which level do you think an orga-

nization should be to obtain the first benefits?”

The idea is to identify if, based the RiSE-RM maturity levelsand process areas, it is

possible for the companies to obtain benefits from software reuse even if they are not in

the higher levels.

Also, as this is a subjective question, we highlighted the main points collected:

The first point, raised byExpert A, is “Yes, but definitions of levels are too vague to

answer this. An organization could be at any level and obtainbenefits.”

As a second point, raised byExpert B, we can highlight:“Since the financial ben-

efits for an organization over time involving the competitiveness of the market places,

monopolistic competition, must address the evolution of enterprise product lines and
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the defense of these, including patents, I would, in short, say that level C would over

time achieve the highest benefit. As an organization grows over time and as the product

line evolves the thinking of an organization more than likely moves both implicitly and

explicitly from G to C.”

The third and last point to be highlighted came from the observations ofExpert

D: “I believe that it is possible to begin realizing benefits as early as Level D. This

is the first level in which there are demonstrably assets thatare really being used in

the organization. The benefits really begin to be realized inLevel C, where reuse is

genuinely part of the production process - that is, the products are guaranteed to have

reused assets in them. I don’t believe it is necessary to be inLevel B or A to realize

benefits – in fact, I hope it isn’t necessary, because I doubt that many companies will be

successful enough to achieve those two levels!”

5.8 Discussion

In this section, we discuss the answers to the research questions.

5.8.1 Summary of the findings

The aim of this research was to evaluate the RiSE-RM feasibility, completeness and

adequacy based on expert opinion. To achieve this objective, we elaborated a survey

with questions that cover the model’s 7 maturity levels, 16 process areas and 58 results

(or outcomes) and 36 work products. Since no experimental data is available at this point

to support such a study, we opted to perform the survey using expert opinion elicitation.

Five internationally known experts were selected and theirexpert opinion was elicited.

Another goal of this study was to evolve the model before we tried to apply it in real

companies. Under this motivation, we were interested in detecting the most prominent

problems and gaps so that subsequent case studies would not fail due to basic problems

that could be detected with expert opinion. So, as a result ofthis first study, we evolved

the model to include the most important considerations and suggestions pointed out by

the experts. This new version was used in the second evaluation of the model, described

in the next chapter.

In the study, we identified that the main role of the experts involved was consultant.

This was a very fortunate fact, because it helped us to obtainpractical advice from ex-

perienced experts, who have actively participated in several projects involving software

reuse. This also helped in improving the model for the secondstudy.
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LEVEL PAs UPDATED EXCLUDED MOVED

A
MCA 3

RAP 2

B
RCM 2

AQC 2

C

DAN 2

DDE 1

DRZ

D
REI 1

MRU 1

TRA 1

E

DWR 2

DRS 2

RGD 1

RAM 1

F
BRT

RAI 1

Table 5.2 Overall results related to the Process Areas analysis

Summarizing the analysis of the RiSE-RM by the experts can benoticed that the

levelsA, C and F are the more problematic levels with 2 experts suggesting changes

to them. Level C had more suggestions for changes, with the experts suggesting to

change 2 of the 3 PAs and include one new PA. level D had a good acceptance, just had

suggestions for change at 1 of 3 PAs.

Table5.2shows the overall results for the survey with experts related to the process

areas analysis.

Additionally, the experts did not agree in all suggestions.Next we present the main

considerations and suggestions pointed out by the experts,discussing how it helped us to

evolve RiSE-RM before a more practical study. Some of the suggestions were included,

while others were registered to be considered later, serving as basis for future work

related to the model.

Organization and Specification

Related to the RiSE-RM organization we notice some considerations. Only one expert

suggested the merging of levels A and B. However, the others experts did not agree with

this suggestion. We planned to investigate this issue in an industrial case study with the

Brazilian companies.

Two experts suggested that the process area related to measurement should start
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earlier in the model. We do not agree with this suggestions because the reuse metrics area

are still immature. Some works (Pfleeger, 1993; Hall and Fenton, 1997; Gopalet al.,

2002; Mascenaet al., 2005; Pfleeger, 2008) consider that more investigations need to be

performed in order to define process, methods and techniquesto measure the software

reuse, mainly in the non-systematic approach.

Since the software industry is concerned with productivityand quality issues, soft-

ware engineers and managers recognize the need to better understand and, hence,

better manage the software development process and be able to make the necessary

changes to improve productivity and quality. The literature has also showed evidence

of such improvements occurring through the deployment of successful measurement

programs (Fenick, 1990; Daskalantonakis, 1992; Pfleeger, 1993; Hall and Fenton, 1997;

Gopalet al., 2002; Pfleeger, 2008).

In order to implement a successful measurement program concerned with software

reuse activities, the companies must have a high capabilityin its procedures, techniques

and business domain, which is not the case of the companies inthe earlier levels of

maturity.

Two experts highlighted the absence of process areas related to the reusable software

artifacts decay. In the version of the RiSE-RM proposal, performed through the investi-

gation of the state of the art in literature, no process area or activity related to this issue

was found in previous work (see Chapter3) but we agree that it is very important the

specification of this process area in the RiSE-RM.

The same absence was highlighted to a process area dedicatedto product line testing

(Zenget al., 2004; Pohlet al., 2005; ?). Three experts suggested the creation of this

specific process area. According to the RiSE-RM version thatwas sent to the experts,

the tests activities will evolve (capability) according tothe evolution of the organization

through the maturity levels. However, in a deep analysis, after this study with the experts,

we consider important the specification of the Domain Testing process area in Level C.

One of the experts raised a question about the excessive number of levels. How-

ever, the others experts did not make any consideration about the number of levels. In

fact, one expert consider spread the process areas in this organization should facilitate

the understandability for the companies and provide the possibility to evolve in a low

rithm, according to the organization characteristcs (mainly in terms of costs to imple-

ment changes for a reuse program).
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Level G

We tried to identify the need for this first RiSE-RM level. In this level, we assume that the

organization has some organization, mainly related to project planning and requirements

elicitation, but reuse occur by individual effort and we do not know the benefits or the

costs of this activities. In the study, the need for level G was clear without any changes

suggested by any expert.

Level F

Three experts identified the absence of open source reuse, which should be the com-

mon nowadays, however, this implies some process about Intellectual Property Rights.

Besides, the RAI2 did not consider reusable GUI’s in Web software development, as

pointed out by two experts.

Level E

At this level, two experts identified that the results DWR3 and DWR4 are incorrect

because they must consider product line testing and productline testing effort-cost. This

was also identified earlier.

The results DRS1 and DRS-WP2 should consider risk analysis and the evolution of

reusable software, as pointed out by two experts.

Level D

At level D, some improvements were suggested, such as the inclusion of stability analy-

sis of reuse integration in the REI process area (one expert).

The need for a reuse unit was considered too strong for this level and the TRA pro-

cess area was considered too late. According to two experts,it should starts earlier. In

fact, it does start earlier, but only related to the traditional software development. When

we talk about reuse, we believe that the first thing needed is to construct a foundation,

with some basic needs so that, in the future, start to trace all reusable artifacts.

Level C

At this level, it became clear that we need to specify all process areas in a higher abstrac-

tion level, to make it applicable to several scenarios and domains. Four experts pointed

out this need.
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Related to the results and work products, some of them need tobe revised, mainly

the reference architecture and its variations. One expert pointed out that the definition

of reference architecture is a bad and vague term and should not be used. The expert

affirms that the reference architecture should be a single architecture for the family, and

the architectures of particular family members should be derived from it, and in fact they

should be generated from it.

Level B and A

These two levels have some problems in common. As both levelsare too high and

require a high degree of overall software development maturity, investigating the RiSE-

RM in industry, as elicitated by the experts, will be very difficult since in Brazil there

are not many companies with such high maturity levels (Lucrédioet al., 2008).

Three experts pointed out issues related to the cost model, business objectives and

business rules defined and evaluated. Mainly, they were concerned with how these items

would evolve/optimize in time. Again, we need some practical experience to evolve

these two levels.

Some considerations regarding risk analysis were made related to the MCA process

area and how it relates to the evolution of user-market domains and the corresponding

risks involved in the decay of software and the rewards of stable software assets.

These considerations highlighted the need of a process areato treat the reusable

software decay and aid in the risk analysis and the evolutionof the products family.

The higher level of the RiSE-RM is more related to the management and economical

concerns and practical experiments with maturity companies with high reuse capability

levels are mandatory to correctly define the process areas. The problem is to perform

this experiments with industry, which demands time and effort.

5.8.2 Possible threats to validity

Certain limitations that need mentioning:1) We were not able to assess the bias in the

experts inputs;2) it would have been more comforting to have a larger set of experts.

Neither limitation can be easily removed.

The conclusion that“no obvious biases exist”was deduced from the fact that the

authors followed an expert opinion elicitation technique proven to reduce biases in the

field (please refer to Section5.1). However, a quantitative analysis would be more con-

vincing. Such an approach would have to use a sufficient number of true values for the
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quantities elicited. Such information is NOT available.

The literature reviewed supports the fact that the number ofexperts is sufficient

(Clemen and Winkler, 1985; Li and Smidts, 2003). To further increase our confidence in

this fact, it would be interesting to add the inputs from additional experts and observe the

impacts of these inputs on the final study results. Unfortunately, resources are barriers

to such endeavor.

5.9 Summary of this Chapter

This Chapter presented the definition, planning, operation, analysis and interpretation

of the study based on expert opinion that evaluated the feasibility, completeness and

adequacy of the RiSE-RM. Even with the reduced number of experts (5), the analysis

has shown that the RiSE-RM can be feasible. The study also identified some directions

for improvements. We tried to include as many as these as possible in a revised version

of the model, before we tried to apply it in some companies.

However, two aspects should be considered: the study’s repetition in different con-

texts and studies based on observation in order to identify further problems and points

for improvements.

In this context, next Chapter will present a second study of the RiSE-RM, conducted

in Brazilian software companies.
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Good judgment comes from experience, and

experience comes from bad judgment.

Frederick P. Brooks, software engineer and

computer scientist (1931) 6
RiSE-RM Case Study in Companies

Several models and approaches were proposed to aid in reuse adoptions programs in

industry, in particular mapping a set of practices and knowledge that is mandatory for the

reuse capability. However, there are few information aboutthe proposals applications, in

practice, and their results, mainly for those in the same context of the Brazilian industry

(small-medium companies with little money to invest). Thisstudy is conducted as a

multi-test within object study (Wohlin et al., 2000).

The main objective in this case study is to analyze how suitable RiSE-RM is, in a

reuse capability assessment, in the context of the Brazilian software industry. Thus, we

conducted a case study based on the Goal/Question/Metric methodology (Basili et al.,

1994) with a set of metrics corresponding to criteria such as feasibility, completeness

and adequacy.

According to a given reuse reference model (in this case, theRiSE Reference Model),

a company can be suitable or not to obtain the benefits of reuse, depending on the reuse

capabilities it has implemented as well as the implementation changes that are required

according to the reuse reference model. Moreover, the main result of the case study was

the definition and refinement of a reference model to guide companies in the task of

adopting reuse practices to improve their productivity andto obtain good results related

to costs and efforts reduction in software production.

The case study is based on (Kitchenhamet al., 1995; Kitchenham and Pickard, 1998;

Wohlin et al., 2000), whose goal is to provide sufficient information intended to analyze

if specific process areas, related to software reuse practices, can improve a company or

project. As stated byWohlin et al. (2000), case studies are very suitable for industrial

evaluation of software engineering methods, processes, models and tools to evaluate

which solution is better, as well as how or why.
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6.1 Case Study Context

According to Kitchenham and Pickard(1998), the case study context sets the goals

within which it must operate. In order to define the case study, it is believed that it

should be conducted in accordance with a specific goal and a set of questions that rep-

resent the operational definition of the goal. Thus, the GQM (Goal/Question/Metric)

method (Basili et al., 1994) was used to define the goal of the case study and to de-

rive the questions that should be answered in order to determine whether the goal was

achieved or not. Moreover, the goal defines what the case study sponsor wants to know

and what the bases of the case study hypotheses are.

For a variety of reasons, a goal is defined for an object with respect to quality at-

tributes, from various points of view and relative to a particular environment. For in-

stance, object of measurements are projects, methods and technologies (Wohlin et al.,

2000). Thus, we defined the goal as follows:

G. Analyze the RiSE Reference Model for the purpose of assessment with respect to

feasibility from the point of view of the researcher in the context of small and medium

Brazilian software companies.

After defining the goal, it is then refined into questions thattry to characterize the

objects of measurement with respect to a selected quality factor and to determine its

quality from the selected viewpoint (Wohlin et al., 2000). The questions are presented

as follow:

Question 1: How complete are the RiSE-RM process areas in the maturity levels?

In this question we try to identify the relation between the process areas found in

the companies and process areas that were not specified in theRiSE-RM, and identify if

there exist process areas in the RiSE-RM that were not used.

Question 2:How appropriate are the RiSE-RM results for assessing reusecapability

in companies?

In this question we try to identify the relation between the number of results that

could be observed or implemented in companies and the ones that could not.

Question 3: How appropriate are the RiSE-RM work products for assessingreuse

capability in companies?

In this question we try to identify the relation between the number of work products

that could be observed or implemented in companies and the ones that could not.

Question 4: How suitable is the RiSE-RM for assessing reuse capability in compa-

nies?
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In this question we try to identify where the companies assessed are in the model and

if their maturity is in agreement with the RiSE-RM level identified.

Then, a set of metrics is associated with every question in order to answer it in a

quantitative way, either objectively or subjectively, as stated byWohlin et al.(2000). For

guiding the data interpretation, a measurement framework was defined, as depicted in

Figure6.1. The framework defines a terminology and clarifies the relationships among

the criteria, in this case completeness and adequacy with a set of quantitative and/or

qualitative metrics. Moreover, it was built and refined using the GQM methodology.

Figure 6.1 Measurement Framework

The metrics were objectively defined as follows:

The main goal of this study is to evaluate the RiSE-RM with respect to feasibility.

Feasibility, in this case, is defined by the Completeness andthe Adequacy of the model,

and its elements, in the Brazilian industry.

Completeness can be evaluated through the qualitative analysis of two measures, that

we call hereC1 andC2. C1 can be stated as follow:

For each company:NS = Collection of process areas (PAs) in the company but not
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in RiSE-RM

C1 = NR/(NR+ |UNS|)
�



�
	6.1

Where,

• NR = Number of PAs of the RiSE-RM

• UNS= An union of all individuals NS

• |UNS|= UNS module

NS is defined as a set. It means that if we find four new PAs, for example, two in a

company and two in another,UNS must consider if there is some PA in common. There

is a possibility that one of the two PAs in both companies is the same, in this caseUNS

= 3. By a new PA we understand as a PA that was not specified in the RiSE-RM model

but exists in the company.|UNS| is the number of the union elements.

The goal ofC1 is to try to measure if RiSE-RM misses some reuse process area. In

this context,C1 is a percentage of how complete is the RiSE-RM, in terms of coverage.

The problem with this measure is that it can be assumed that all practices of RiSE-

RM are relevant to reuse. It means that RiSE-RM may miss some PA but all PAs speci-

fied in the reference model are relevant. Trying to solve thisproblem, we definedC2.

The goal ofC2 is to try to measure if the RiSE-RM has not only relevant reuse

process areas but also irreal or irrelevant ones that will never be used in practice by the

companies.C2 can be stated as follow:

For each company:NU = Collection of PAs not used in the company.

C2 = (NR−|INU |)/NR
�



�
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Where,

• NR = Number of PAs of the RiSE-RM

• INU = An intersection of all individuals NU

• |INU| = INU module

It is the same case ofC1, but the focus is on trying to find which process areas are

never used by any company, so instead of union we used intersection. If a PA appears as

useless, for example, in 3 companies, but it is used by the Company B, we assume that

it is not useless.
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The problem with this measure is ifC2 is too low, this may mean that the RiSE-RM

is including a lot of process areas that have nothing to do with reuse. Or may mean that

we need more companies to evaluate it correctly.

After define completeness, we need to define how to measure adequacy in this study.

Adequacy (A) can be evaluated through the qualitative analysis of two measures,A1 and

A2.

Calculate Adequacy (A) is similar to Completeness. So, the definition ofA1 is simi-

lar toC2 and can be stated as follow,

For each company:RNU = Collection of results not used in the company.

A1 = NRes−|IRNU|/NRes
�
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Where,

• NRes= Number of total results of the RiSE-RM

• IRNU = An intersection of all individuals RNU

• |IRNU| = IRNU module

And A2 can be stated as follow:

For each company:WPNU = Collection of work products not used in the company.

A2 = NWP−|IWPNU|/NWP
�



�
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• NWP = Number of total work products of the RiSE-RM

• IWPNU = An intersection of all individuals WpNU

• |IWPNU| = IWpNU module

We have not found related works to use as a benchmark value forthese measures

in the literature, so we considered that if more than 50% of the measures resulted in an

incorrect perception, the measure result is inadequate.

6.2 Minimize the Effect of Confounding Factors

According toKitchenhamet al. (1995) when the effect of one factor cannot be properly

distinguished from the effect of another factor, the two factors are confounded. In the
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case of our study, the effects of learning to use a new approach, in this case a reuse-

based process and practices, might interfere with the benefits of using it. For instance,

the effort for using an approach A might interfere in the use of an approach B, increasing

the time for software development, hence, decreasing productivity. To avoid such effect,

the activities aimed at learning how to use the approach mustbe separated from those

aimed to evaluate it.

6.3 Planning the Case Study

After the definition of the case study, the planning was started. As reported by

Kitchenhamet al. (1995), the plan identifies all the issues to be addressed in order to

have a smooth evaluation, including the context, subjects,training requirements, the

necessary measures and the data-collection procedures.

6.3.1 Context

The objective of the case study was to evaluate the RiSE Reference Model for soft-

ware reuse adoption with respect to feasibility, completeness and adequacy in small and

medium Brazilian software companies. The reuse maturity assessment, according to

RiSE-RM, was conducted with one subject acting as reuse assessor who has experience

in software reuse projects.

6.3.2 Measures

Criteria were used in order to evaluate the benefits obtainedfrom the usage of RiSE-

RM. The benefits were evaluated quantitatively through the feasibility, completeness

and adequacy metrics. Moreover, the learning curve measurefor using each technology

was defined in the evaluation process. In order to measure thequality factors, the ratio

scale was used. According toWohlin et al. (2000), if there is a meaningful zero value

and the ratio between two measures is meaningful, a ratio scale can be used.

6.3.3 Data Collection Procedures

The case study was performed in January 2010, at Digital Port, Recife, Pernambuco,

and by web conference, in the case of companies located in Fortaleza and São Paulo.

The study was composed of 4 companies, each one with one responsible to participate
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in the reuse capability assessment, however more participants in the companies were

allowed to participate. The companies were assessed according to the RiSE Reference

Model (RiSE-RM). For each assessment, several metrics werecollected to compose the

feasibility, completeness and adequacy metrics. The assessment data were collected

using a reuse assessment spreadsheet, and filled with the results and evidences of the

reuse process areas implemented in the company (Garciaet al., 2008b).

6.3.4 RiSE-RM Assessment Spreadsheet

To aid the data collection, we used a spreadsheet with the indicators (evidences) that

proved the implementation of the processes and that was usedin the assessment.

The indicators spreadsheet is fulfilled according to the company’s indicators (evi-

dences) that prove the processes and processes attributes implementation according to

their expected results and work products. The spreadsheet should have links to the doc-

uments of at least one (1) concluded project and one (1) project in course.

The implementation indicators can be of three types:

1. Direct indicators: they are the objective of a task; the main product of a task

accomplishment;

2. Indirect indicators: they are the artifacts that are consequence of a task accom-

plishment and that confirm the implementation of a result butthat are not the goal

of the task accomplishment;

3. Statements: they are obtained with interviews and/or presentations and confirm

the process implementation, the results and attributes.

Initially, only the direct and indirect indicators will be part of the spreadsheet, be-

cause the statements can be collected with interviews and/or presentations.

For each expected result of a process or process attribute tobe assessed and for each

instance of the process in the company should exist at least adirect indicator and an

indirect indicator or statement that prove that the expected result of the process was

reached. Based on the existence and adaptation of the directand indirect indicators that,

when concluding the initial assessment, the assessment team and the sponsor will decide

about the continuity of the assessment.

If there exists some expected result that does not get to haveits proven execution for

the projects selected for assessment, more projects can be inserted to it, or only to this

specific result, or the lead assessor criteria for it can be accepted.
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6.4 Brazilian Software Companies

We selected four Brazilian companies to participate in thiscase study, two located in

Porto Digital (Recife), one located in Fortaleza and the other in São Paulo. The se-

lection of companies was based on their availability and interest in participating in the

evaluation.

The Table6.1shows the Brazilian software companies’ summary.

Company Domain SW type Size KLOC Team exp. Focus

UDCE-Dataprev E-gov Web,

Client/Server,

J2EE(EJB3)

300 2-8 years Vertical/Horizontal

Makesys Web tools ERP/CRM/E-

commerce

100 5 years Family of products

Meantime Mobile App. Games 12 +2 years Family of products

Company A Banking Client/Server 67 1-4 years Vertical/Horizontal

Table 6.1 Case study summary

The reuse capability assessment, based on RiSE-RM, was performed with people

with the appropriate skill (senior architects, project managers, senior technical leaders)

and with the needed expertise and knowledge about the companies processes, proce-

dures, policies and mainly, projects to be assessed (we based the assessment on a previ-

ous proposal (Garciaet al., 2008b)).

Before starting the company assessment, the RiSE-RM General Guide and a basic

tutorial on how the assessment would occur was sent by email to the responsibles in the

companies (subjects).

The subjects were chosen by availability, and all had basic technical and non techni-

cal reuse skills but none had participated on a reuse capability assessment before. The

evaluation was conducted over a two week period. In the end ofthe two weeks, all

subjects had completed the assessment.

Next, we present the results for each question.

6.5 The Analysis and Results Reported

This section involves analyzing the data collected after the reuse capability assessment.

The output of the analysis is a report with the RiSE-RM maturity level attributed to

the company, weak and strength points related to the reuse practices implemented and
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any other relevant observation about the company. Moreover, the report is based on a

qualitative analysis with respect to the information obtained in the company about their

reuse practices.

6.5.1 Question 1:How complete are the RiSE-RM process areas in

the respective maturity levels?

Figure6.2shows the overall results. In fact, we did not identify a significative number of

“new process areas”that were not specified in the RiSE-RM. However, we believe that

this occurred because the companies, despite the expertiseand maturity in their business

domain and software development process, did not invest or has the budget to invest in

developing a formal reuse incentive in their development life cycle. Additionally, some

new issues that collaborate to block the implementation of some process areas, their

results and/or work products were found.

Figure 6.2 Overall Results of Question 1

It is the case ofCompany A andUDCE-Dataprev. Both companies receive the

requirements, design, the whole architecture, or even software components (reusable

components) from other projects provided by the governmentor a specific institution.

This fact also influences the next two questions.

Company A and UDCE-Dataprev relate the absence of a process area for Reuse

of Graphical User Interfaces, web-based and client-serversolutions. Both companies
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affirms that it is very common, since their client has a visualidentity for their products,

mainly in the prototyping phase. Figure6.3shows the particular results for Company A.

Figure 6.3 Results of Question 1 for Company A

Figure6.4shows the particular results for UDCE-Dataprev.

Company A, UDCE-Dataprev and Makesys relate the absence of aparticular pro-

cess area for Reuse of Open Source Solutions, since it is common the use of specific

framework and other solutions such as Spring, Struts 2, Hibernate among others. In

this context, Company A and UDCE-Dataprev suggest that Reuse of Open Source Solu-

tions should be a new process area. However, it is important to emphasize the need for

Intellectual Property Rights concerns, as stated by the experts (see Chapter5)

Another suggestion from Makesys is related to the environment, mainly CASE tools

and code generators, focusing in productivity improvement, however we agree that this

suggestion makes sense to create a new result/work product in a process area (BRT) than

to create a new process area. The company also highlighted the strong recommendation

in all process areas to document the products and process. According to them, this is

very important for the earlier software development levels.

Figure6.5shows the results for Makesys.

Another praise is about the mechanism used to this case studysince, according to

Makesys, the reuse assessment spreadsheet for RiSE-RM is clear about its goals.

An interesting characteristic was noted in the Meantime assessment. Despite the

existence of a set of similar products (almost a family) there is no process area related
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Figure 6.4 Results of Question 1 for UDCE-Dataprev

Figure 6.5 Results of Question 1 for Makesys
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to domain activies (level C) identified.

Another issue related by the Meantime is the absence of some process areas related

to its business domain. According to the company feedback, some specific game knowl-

edge area could be mapped to the reference model, such as GameDesign and Sound

Design. We believe that they can consider the game and/or sound design artifacts (or

outcomes/results and work products) as reusable software artifacts however we must not

discard the existence of these process areas.

Figure6.6shows the results for Meantime.

Figure 6.6 Results of Question 1 for Meantime

According to this analysis, we reach the following results for NS:

Company A : NS = {Reuse of Open Source Solutions, Reuse of Graphical User Inter-

faces};

Makesys : NS = {Reuse of Open Source Solutions};

Meantime : NS = {};

UDCE-Dataprev : NS = {Reuse of Open Source Solutions, Reuse of Graphical User

Interfaces};

Thus, |UNS| = {Reuse of Open Source Solutions, Reuse of

Graphical User Interfaces}, or|UNS| = 2.
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As we decided to normalize the analysis, since the maximum level that the compa-

nies reach was level D (including), we limited the analysis until this level. In this context,

NR = 9.

Substituting these values into the equation6.1we have:

C1 = 9/(9+2) = 9/11= 0.82
�



�
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This means that : LetU be the universe ofPAs considered in the study, whereU

consists of all process areas observed/raised in the study as relevant to one or more

companies studied and of the process areas raised by the bibliographical survey and

experts held in the design of RiSE-RM, of this universe U, RiSE-RM covers 82%, or it

means that it does not cover 18% of the process areas related to reuse.

This analysis need some observations. First of all,U is not the real universe of all

reuse relevant process areas, but it is an approximation. The ideal scenario would be

to analyze an appropriate sample, with a representative subjects of one segment, for

example. Besides, the number and domain of the companies studied are very limited.

The second point is that in this calculus, we are assuming that 100% of the process

areas of RiSE-RM are relevant. In fact, this is a good guess considering the scope of the

state of the art and the practice surveys, however, there is apossibility that we included

some useless process areas.

In order to minimize the effect cited in the second point, we defined the measureC2,

and we got the following results. For NU, we have:

• Company A: NU = {RGD, RAM, TRA, MRU, REI};

• Makesys: NU = {DWR, DRS, RGD, RAM, TRA, MRU, REI};

• Meantime: NU = {DWR, RAM, TRA, MRU};

• UDCE-Dataprev: NU = {RGD, RAM, TRA, MRU, REI};

Thus,|INU| = {RAM, TRA, MRU}, or |INU| = 3. As stated earlier,NR =

9.

Substituting these values into equation6.3we have:

C2 = (9−3)/9 = 6/9 = 0.67
�
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This result means that let the same universeU of the process areas be included in

RiSE-RM, 67% are effective (or 33% are useless).
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This analysis also needs some observations. One more time, the sample influences

the result. With few companies, the value ofC2 can be lower than it really should be.

Unlike C1, if we had more companies in the sample, the chance of RiSE-RMgetting

high completeness would be higher. Other important consideration is the fact that in our

study we do not analyze any company with high reuse maturity.It is difficult to find this

kind of company, with time to participate in a study like this, in Brazil. Thus, to evolve

and analyze the higher levels, we need to use less practical results (than the ones coming

from Brazilian companies) and based more on international companies and studies.

The Figure6.7shows the overview of the process areas completeness study.

Level F

Level E

Level D

4 / 4

BRT

4 / 4

RAI

2/4

DWR

3/4

DRS

1/4

RGD

0/4

RAM

0/4

TRA

0/4

MRU

1/4

REI

100%

37.5%

8.33%

Figure 6.7 Overview of RiSE-RM process areas completeness

According to this first analysis we can highlight that the process areas of Level F

were totally implemented by all companies, achieving 100% of completeness. For level

E, we had a 37.5% of average, where DRS was implemented by 3 of 4companies,

DWR by 2 of 4 companies, RGD by 1 company and RAM was not implemented. In

the highest level achieved by the study, we have 8.33% of completeness, where REI was

implemented by 1 company and TRA and MRU was not implemented.

6.5.2 Question 2:How appropriate are the RiSE-RM results for as-

sessing reuse capability in companies?

Figure6.8 shows the overall results. In this case, we identify a significative number of

new results. However, we believe that this number could be higher if the sample of the
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study was bigger. In fact, the number of process areas identified by the companies has

a directly influence in the number of new results since a process area is composed by

results and work products.

Figure 6.8 Overall Results of Question 2

Although Company A and UDCE-Dataprev relate the absence of aprocess area for

Reuse of Graphical User Interfaces, for web-based and client-server solutions, we also

need the results of this process area. These results were also proposed in conjunction

with the companies. Besides, these two companies and Makesys contributes to propose

the results of the new process area Reuse of Open Source Solutions. Figure6.9 shows

the particular results for Company A.

Figure6.10shows the particular results for UDCE-Dataprev.

Makesys also suggests the addition of new results in theBRTprocess area and, per-

haps in theRAI process area. We analyzed the suggestion and agreed, in conjunction

with Makesys team, that the result related to tools/environment to support reuse activi-

ties should be added only to theBRTprocess area. Besides, theBRT process area was

renamed toBasic Reuse Techniques and Tools.

Other issue highlighted by Makesys was that the internal reuse is strong in their

projects. It means the reuse of internal components or frameworks developed by the

own company. Thus, these results/work products should exist in the model, however

they are not explicit, so the Makesys team suggested that these results/work products

should be explicit in theBRTprocess area.
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Figure 6.9 Results of Question 2 for Company A

Figure 6.10 Results of Question 2 for UDCE-Dataprev
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Figure6.11shows the results for Makesys.

Figure 6.11 Results of Question 2 for Makesys

As stated previously (see Section6.5.1), Meantime suggested the creation of two new

process areas and their respective results/work products.However, we believe that this

is not needed, since, these process areas are specific to Meantime Business (i.e. Game

Design and Sound Design) and it is possible to consider thesegame artifacts as reusable

software artifacts. Thus, Meantime did not identify any newresults to be suggested to

the RiSE-RM.

Figure6.12shows the results for Meantime.

According to this analysis, we reached the following results for RNU:

• Company A: RNU = {DWR4, RGD1, RGD2, RGD3, RGD4, RGD5, RAM1,

RAM2, RAM3, TRA1, TRA2, TRA3, TRA4, MRU1, MRU2, MRU3, MRU4,

REI1, REI2, REI3};

• Makesys: RNU = {DWR1, DWR2, DWR3, DWR4, DRS1, DRS2, DRS3, DRS4,

RGD1, RGD2, RGD3, RGD4, RGD5, RAM1, RAM2, RAM3, TRA1, TRA2,

TRA3, TRA4, MRU1, MRU2, MRU3, MRU4, REI1, REI2, REI3};

• Meantime: RNU = {DWR1, DWR2, DWR4, RGD1, RGD2, RGD3, RGD4,

RGD5, RAM3, TRA1, TRA3, TRA4, MRU1, MRU2, MRU3, MRU4, REI3};

• UDCE-Dataprev: RNU = {DWR4, RGD1, RGD2, RGD3, RGD4, RGD5, RAM1,
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Figure 6.12 Results of Question 2 for Meantime

RAM2, RAM3, TRA1, TRA2, TRA3, TRA4, MRU1, MRU2, MRU3, MRU4,

REI1, REI2, REI3};

Thus, |IRNU| = {RGD1, RGD2, RGD3, RGD4, RGD5, RAM3, TRA1,

TRA2, TRA3, TRA4, MRU1, MRU2, MRU3, MRU4, REI3}, or |IRNU| =

15.

As we decided to normalize the analysis, since the maximum level that the compa-

nies reached was level D (including), we limited the analysis until this level. In this

context,NRes = 33.

Substituting these values into equation6.3we have:

A1 = (33−15)/33= 18/33= 0.55
�
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This means that: Let us callUR the universe of process areasresults considered in

the study, whereUR consists of all results observed/raised in the study as relevant to one

or more companies studied and of the results raised by the bibliographical survey and

experts held in the design of RiSE-RM. Considering this universeUR, RiSE-RM result

is 55% appropriate for assessing the Brazilian companies, or it means that it is 45% not

appropriate.

This analysis also needs some observations. Like the analysis ofC2, here the sample
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also influences the result. With few companies, the value ofA1 can be lower than their

really is. The absence of companies with high capability in software reuse is fundamen-

tal to this low result.

6.5.3 Question 3:How appropriate are the RiSE-RM work products

for assessing reuse capability in companies?

Figure6.13shows the overall results. As the last question, we also identified a significa-

tive number of new work products. One more time, this number could be higher if the

sample of the study was bigger. As stated earlier, the numberof process areas identified

by the companies has a directly influence in the number of new work products, since a

process area is composed by results and work products.

Figure 6.13 Overall Results of Question 3

Because the new process area proposed, called Reuse of Graphical User Interfaces,

by Company A and UDCE-Dataprev, new work products for this area need to be speci-

fied. Additionally, these two companies and Makesys proposed the creation of the Reuse

of Open Source Solutions process area and, again, the creation of their work products.

In this sense, Figure6.14shows the particular results for Company A.

Figure6.15shows the particular results for UDCE-Dataprev.

Makesys also suggests the addition of new work products in the BRT process area.

As well as in the case of question 2, creation of new results, the creation of new work

products was also analyzed and proposed together with the Makesys team.
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Figure 6.14 Results of Question 3 for Company A

Figure 6.15 Results of Question 3 for UDCE-Dataprev
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It should be noted that the creation of new results (see Section 6.5.3) implies in

creating of some new work products, considering that some ofthese results concern the

creation of artifacts. Figure6.16shows the results for Makesys.

Figure 6.16 Results of Question 3 for Makesys

Meantime did not identify any new work product to be suggested to RiSE-RM.

Figure6.17shows the results for Meantime.

According to this analysis, we reached the following results for WNU:

• Company A: WNU = {BRT-WP1, RGD-WP1, RGD-WP2, RGD-WP3, RAM-

WP1, RAM-WP2, TRA-WP1, MRU-WP1, REI-WP1, REI-WP2};

• Makesys: WNU = {BRT-WP1, DWR-WP1, DRS-WP1, DRS-WP2, RGD-WP1,

RGD-WP2, RGD-WP3, RAM-WP1, RAM-WP2, TRA-WP1, MRU-WP1, REI-

WP1, REI-WP2};

• Meantime: WNU = {RAI-WP2, DWR-WP1, RGD-WP1, RGD-WP3, RAM-WP1,

RAM-WP2, TRA-WP1, MRU-WP1};

• UDCE-Dataprev: WNU = {BRT-WP1, RAI-WP1, RGD-WP1, RGD-WP2, RGD-

WP3, RAM-WP1, RAM-WP2, TRA-WP1, MRU-WP1, REI-WP1, REI-WP2};

Thus, |IWPNU| = {RGD-WP1, RGD-WP3, RAM-WP1, RAM-WP2,

TRA-WP1, MRU-WP1}, or|IWPNU| = 6.
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Figure 6.17 Results of Question 3 for Meantime

As we decided to normalize the analysis, since the maximum level that the compa-

nies reached was the level D (including), we limited the analysis until this level. In this

context,NWP = 16.

Substituting these values into equation6.4we have:

A2 = 16−6/16= 0.625
�



�
	6.8

This means that: Let us callUWP the universe of process areaswork products

considered in the study, whereUWP consists of all work products observed/raised in

the study as relevant to one or more companies studied and of the work products raised

by the bibliographical survey and experts held in the designof RiSE-RM. Considering

this universeUWP, RiSE-RM work products is 62.5% appropriate for assessing the

Brazilian companies, or it means that it is 37.5% not appropriate.

This analysis also needs some observations. Like the analysis of C2 andA2, here

the sample also influences the result. With few companies, the value ofA2 can be lower

than it really is. The absence of companies with high capability in software reuse is

fundamental to this low result.

A specific issue was observed in the work product related to BRT-WP1. This work

products defined a reuse-based process for the company. However, only Meantime had

evidences for this work product because it had implemented higher capability process
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areas than the other companies which means that this work product, in particular, is

too strong for this level. This is interesting because, for the experts, basic reuse-based

process is needed and makes sense for Level F.

6.5.4 Question 4:How suitable is the RiSE-RM for assessing reuse

capability in companies?

To answer this question we needed to give the companies the opportunity to evaluate the

reuse assessment capability that was performed. Overall, the impressions was very good

and we could promote some initiatives of change in some companies.

Company A in the first moment did no agree with the results, however when the

team had access to detailed results it demonstrated that small changes in its development

process would have given to the company assessment another result. Some artifacts

were not produced, making some activities impossible to track and measure, and worse,

transferring to the engineers the responsibility to improve the productivity and reduce

the costs and effort (individual initiative). The engineers team of Company A is highly

qualified, but because of the client, the process areas were evaluated negatively, and their

results and work products cannot undergo an evolution. For example we can cite the fact

that the design and architecture are provided by the client,according to its standards.

This is the same situation of UDCE-Dataprev. However, although there exist these

limitations caused by the relationship with the clients, wecould identify some small

initiatives to improve the reuse effort. In UDCE-Dataprev case, some studies at different

units have shown that common problems are solved in the same way, and some of these

units produced components and/or frameworks to be reused across projects. But, these

reusable artifacts are only known in their own units. To establish a communication

among other units and provide the policies, procedures and infrastructure to share these

reusable artifacts became the next priority of UDCE-Dataprev after the assessment. The

reuse assessment at UDCE-Dataprev has shown the potential to evolve the reuse maturity

in the company.

Makesys was the company with the lowest level of reuse maturity. This occurs due

to the nature of the company products. A wide range of domainsare attacked and this

caused a divided focus in terms of standards and process. However, the senior project

manager, that participated in the Makesys assessment team,affirmed that since the po-

tential improvement points were identified by the assessment, a small group of technical

leaders will be composed to start a initiative to identify some internal opportunities of

reuse across the projects.
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Company Imp. PAs Imp. Results Imp. WPs Att. level
Company A 4 13 6 F
Makesys 2 4 4 F
Meantime 5 14 8 F
UDCE-Dataprev 4 13 5 F

Table 6.2 Overall Results of the assessment

At the first moment, the perspectives related to Meantime were very good because the

history of similar products and the product line of mobile games development, however

some points of improvement were clear after the assessment.Reuse occurs in Meantime

through similar gaming platforms, but there are some related platforms that should have

the same treatment. The reuse in the level of tests being reused in the same way. Unlike

the perspectives, Meantime did not present any Level C process area, even partially

implemented. For some previous process areas, such asMaintain Traceability Among

Reusable Artifacts, very important for high reuse capabilities, mainly related to family-

oriented products, no evidences were found.

Table6.2 summarizes the reuse capability assessment according to RiSE-RM. The

table shows the implemented process areas, the results and work products and the Level

of reuse maturity attributed to the company.

As can be noticed, all companies have the same final result of the assessment, ac-

cording to RiSE-RM maturity levels. This occurs because only the first process area was

totally or partially implemented, in order to produce evidences of the results and work

products of the respective process areas. Some companies have evidences of higher

process areas, such as from level E and D, however only some process areas were im-

plemented and to attribute a maturity level, all process areas of the level need to be

implemented and identified evidences of that implementation.

6.6 Discussion

In this section the validation results achieved by the case study were summarized. This

study has shown that the RiSE-RM is a reference model towardsto be suitable for Brazil-

ian companies. Four companies were assessed according to the RiSE-RM elements. The

invested effort in this assessment was small, that is less than three days per company.

Therefore, no major problems occurred with the assessment.Of course, the application

of the RiSE-RM concepts in a reuse capability assessment canbe improved, and the

reference model can be more cleanly structured to optimallycapture the reuse process
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areas and practices in the Brazilian industry. But such improvements can still be realized

in future projects when more companies are assessed according to RiSE-RM.

The case study with the companies has shown that RiSE-RM allows, on one hand,

to investigate reuse adoption programs but, on the other hand, that it is still expensive

to get statistically significant data. The latter is at leastnot realistic in industrial set-

tings. Hence, the reference model aids the introduction of software reuse practices into

a development company.

Furthermore, it is clear in the case study that replicationsof this quasi experiment

must be performed, taking into account more and diverse contexts to collect more data

on its implementation and assessment for estimating their benefits and risks.

In order to replicate this case study and increase its validity, some aspects must be

taken into account. First of all, one must consider that the replication of this study is

very dependent on an environment similar with the one presented in this work.

Case study design. The way that the case study was designed can turn biased the

measurement RiSE-RM process areas and their evidences of results and work products

implementation, and process and process attributes capabilities. For example, the time

and effort to perform this kind of case study was very low, andwe need the high man-

agement support. The availability of the responsibles to participate in the case study is

another threat. Thus, a better design for the case study would be to execute the reuse

assessment using a different mechanism, agile-like (Rueping, 2003) to minimize the

resistance in the assessment. However, this could not be done in this work due to envi-

ronment, companies support and time constraints.

Lack of companies. In addition, the number of companies was not sufficient to

generalize the case study results. It brings down the external validity of the study, at

the same time that it does not enable the conclusion generalization even to the Brazilian

industry. More companies should be evaluated in order to increase the study validity.

Analysis mechanisms. We should use some hypothesis testing mechanisms, such

as the proposed byWohlin et al.(2000), in order to analyze the process areas, the results

and work products for each treatment. It is necessary because the values analyzed in

the case study results are very few. Thus, only looking at these values with descriptive

statistics maths it difficult to draw a more concrete conclusion.

135



6.7. SUMMARY OF THIS CHAPTER

6.7 Summary of this Chapter

This chapter presented a case study to evaluate the feasibility of RiSE-RM. The case

study was conducted with four Brazilian companies, two located in Recife (Company

A and Meantime), one in Fortaleza (UDCE-Dataprev) and one inSão Paulo (Makesys).

RiSE-RM was analyzed for the purpose of assessment with respect to feasibility from

the point of view of the researcher in the context of small andmedium Brazilian software

companies. In this study, feasibility was defined by the completeness and the adequacy

of RiSE-RM and its elements in the Brazilian industry.

Next chapter presents the concluding remarks and future work of this thesis.

136



Absorb what is useful, discard what is use-

less, and add what is uniquely your own.

Bruce Lee, Martial artist and actor

(1940-1973 A.C.) 7
Summary and Outlook

The field of software engineering is very exciting and provocative because there are

many new and interesting challenges. These challenges havebeen created by the need

for ever-increasing growth and complexity of software-intensive systems over the last

50 years. Norman R. Augustine, past chairman of Lockheed Martin Corporation and

five-time recipient of the DoD Distinguished Service Medal,provided an insight to this

complexity when he noted in one of his laws that“software grows by an order of mag-

nitude every 10 years”(Augustine, 1997). As an example of this citation, Figure7.1

shows this growth in terms of aircraft software (Nidiffer, 2007).

Figure 7.1 Aircraft Software Size Chronology

The Figure showing the growth in percentage of aircraft requirements involving soft-

ware control, illustrates an increase from 8% for the F-4 aircraft (developed in the early
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1960s) to 80% for the F-35 aircraft (developed in this decade). In very few fields the com-

plexity and intricacy increased so fast (Nidiffer and Dolan, 2005). For example, taking

the construction industry where, compared to software, theinterfaces are well defined

and visible. In the 1960’s a one-story building could be easily built and in 1970 ten-

story buildings were also being easily constructed but thenwe have to stop. There are

only a few 100-story buildings built and no attempt is being made to build a 1000-story

building let alone a 10,000 story building or higher (DoD, 2006; Klein et al., 2006).

An observation of the software engineering field over these years is that there are

points in time where software engineering reaches bottlenecks, or plateaus where it be-

comes difficult to develop the next level of complex system and at these bottlenecks

we continue to see a similar set of problems attributed to software engineering and its

associated disciplines (Boehm, 2007; Nidiffer, 2007; Selby, 2007).

Although the community is improving the software engineering capabilities, they

are not necessarily winning the race. Reports, such as the Standish Group, document

an unimpressive record in large software projects in the private sector. According to

Standish Group report in 2007, only 35% of all projects were deemed to be success-

ful (Standish Group, 2007), meaning they were completed on time, on budget and met

user requirements. Although this success rate is considered a significant improvement

from 1994 rate of 16%, most practitioners would agree that this rate is inadequate

(Standish Group, 1995; Boehm, 2007; Nidiffer, 2007).

Further, the 2007 study shows that only 19% of projects that begun were outright

failures, compared with 31.1% in 1994. Projects described as challenged, meaning they

had cost or time overruns or did not fully meet user’s needs, declined to 46% in 2007

from 52.7% in 1994.

The study cited three reasons for the improvement in software quality: better

project management, iterative developmentand theemerging Web infrastructure.

The 2007 report also shows a stunning improvement in the metric used to measure

project value. If the assets of a failed project can all be considered waste, in 2007,

software value was measured at 59 cents on the dollar. In 1998, that figure was 25 cents

on the dollar, a 24% compound average growth rate since 1998.

Besides, according to Gartner Group1, the costs of global Information Technology

companies should have a reduction of 3.8% in 2010, counting $3.2 trillion, compared

with $ 3.4 trillion recorded in 2009.

1http://www.tiinside.com.br/News.aspx?ID=126319&C=265 (portuguese), ac-
cessed on January 21, 2010
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7.1. RESEARCH CONTRIBUTIONS

Among the Information Technology segments, the hardware segment will suffer the

greatest impact of the economic slowdown, income must fall of 14.9%, corresponding to

$ 324.3 billion this year. The service sector should close the year with sales 1.7% lower,

at $ 796.1 billion.

The only segment of Information Technology that promises growth is software,

which costs to the companies should be $ 222.6 billion, a small increase of 0.3%.

As Boehm pointed out, there are three strategies for improving software productivity:

working faster, working smarter, or avoiding unnecessary work (Boehm, 1999). The

latter promises the highest payoff and can be achieved by software reuse technology

(its methods, processes and tools) with an“incremental adoption process”that can be

customized for different kinds of companies.

In this sense, in order to properly enable the software reusecapability evaluation of

the companies, supplying the real necessities of the software reuse adoption, a reference

model for software reuse has an important role. Thus, this thesis presented the RiSE

Reference Model (RiSE-RM).

RiSE-RM described in this thesis was developed to complement existing model pro-

cess frameworks by putting the focus on how to execute software engineering activities

(such as planning, requirements elicitation, architecture design, implementation, tests

and maintenance) applying the reuse practices. Its main objective is to support com-

panies in defining and improving their system development processes aligned with the

reuse practices.

7.1 Research Contributions

The main contributions of this work can be split into four aspects: (i) the presentation

of more specifics surveys on the state of the art on software reuse adoption approaches

and reuse maturity models; (ii) the formalization and definition of a reuse reference

model; (iii) a survey performed with experts in the softwarereuse area; and, (iv) in

addition, a case study performed with Brazilian companies to evaluate the reference

model proposed.

• Reuse Adoption Survey.Initially the state of the art on the software reuse adop-

tion strategies and programs was investigated. The study discussed their origins,

fundamentals, the main approaches for transferring reuse technology in software

development companies in order to define a base of requirements for the approach
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defined in this work, since it is considered as a key aspect to reuse adoption suc-

cess, specially when considering software companies;

• Reuse Maturity Models Survey.Then, a study of the state of the art on the soft-

ware reuse maturity models was presented highlighting their origins, principles,

issues, features, their relationship with reuse practicesand several reuse maturity

models. It was discussed the main approaches, their benefits, advantages, related

problems and implementation results. This survey has been also taken into account

during the development of RiSE Reference Model (RiSE-RM);

• RiSE Reuse Reference Model.Later, the proposed reuse reference model, called

RiSE-RM (RiSE Reuse Reference Model), its characteristics, maturity levels,

goals, process areas, results and work products were proposed based on the state

of the art and the practice through several discussions withresearchers and practi-

tioners of the industry;

• Validation of RiSE-RM. Two validations were performed to evaluate the RiSE-

RM. The first one was conducted through expert analysis of thereference model

in order to (1) identify some gaps and mistakes in the model organization and

specification; (2) evaluate the process areas and their results and work products;

and (3) evaluate the relationship among the levels and the evolutional path through

these maturity levels. The second validation was conductedwith four Brazilian

companies in order to evaluate the feasibility, completeness and adequacy of the

model to the Brazilian industry.

It is important to highlight that the main contribution of this thesis was to define a

reuse reference model to aid the companies to evaluate theircurrent situation of reuse

best practices, identify their business goals and based on this, specify and perform a

reuse adoption plan to improve their development practicesto obtain the benefits of

software reuse.

7.2 Related Work

In the literature, some related work could be identified during this research. Chapters2

and3 presented several software reuse adoption processes, programs and reuse maturity

models which are close to this work. However, the key difference between this work and

the others is the systematization of the reuse adoption process - an extensively discussed
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subject through this thesis. This helped reducing the gaps and lack of details among

the steps. A remark about it is that all the analysis performed was based on published

papers and industrial reports, which are sometimes poor on details. However, in order to

avoid making misjudgments, subsequent publications of these works were also analyzed

to identify improvements, whenever available.

7.3 Lessons Learned

The contributions cited are of scientific and academic scope, with improvements and

features little explored in the literature. However, with the development of this work,

several important lessons were learned.

During this research, different approaches related to the software reuse adoption

were studied. In this period, we can see the evolution of the state of the art and practice.

A few years ago, the lack of initiatives for the adoption of reuse practices in the Brazilian

software development was a strong concern. The initial proposal of this work, presented

in 2005, foresaw the specification of an effective frameworkfor software reuse adoption.

At the time this thesis was written, the end of 2009, there areinitiatives in companies

and also supported by the government. This thesis focused onthe possible integration

of this work with national initiatives to improve the process of Brazilian software.

The realization of empirical studies also provided the learning of important lessons.

The first was the importance of experience in industrial environment. In both experi-

ments, it was noted that despite the growth in importance, the software reuse approach

is still far from the reality of the vast majority of Brazilian companies. This fact can be

perceived in the second study, where the companies involveddid not receive a high level

of maturity.

Another important lesson learned concerns the great variety of similar works in lit-

erature. It is very common to find work very much like the themes investigated here.

However, there is also great diversity in focus, to a particular line of research, that de-

pends on the research group that conducts the work. There arenot many derivative works

of these isolated initiatives that seek to encompass and unify the various aspects of the

problem, which is the path that was followed in this thesis.

Despite the large number and variety of work in the area, it israre to find empirical

studies seeking to validate it, as it has been attempted here. It is difficult to find met-

rics and values to be used as the basis for this type of study, and it is often necessary

adaptations or indirect interpretations to extract relevant conclusions.
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7.4 Limitations and Future Works

The focus of this thesis was not to define yet another reuse reference model but to im-

prove and systematize the reuse adoption concepts into Brazilian software development

companies. As explained throughout the thesis, the design of the reuse reference model

was explicitly driven by this goal. In this thesis, the reference model was validated with

respect to this characteristic and it was shown that the reuse reference model intended to

aid in the Brazilian Software Process Improvement Program (SOFTEX, 2009a).

The reference model, however, is not applicable under all circumstances and in every

context. More studies must be performed, with different companies and domains in

order to complement the model with new process areas, results and work products not

specified yet.

Some opportunities for future work were also identified as a subproduct of this re-

search, even to complement this research by exploring the limitations and/or aspects that

could not be investigated in this thesis, or to initiate new research in areas identified as

loss of contributions. Thus, the following points can be investigated in future:

• Reuse Assessment Method: In order to evaluate the company reuse capability

and aid in planning the strategy to introduce reuse practices into the company pro-

cess, a reuse assessment method needs to be investigated, refined and evaluated.

The main purposes and requirements of this method should be:allow the objec-

tive assessment of the software reuse process of a company; allow the RiSE-RM

Maturity Level attribution based on the assessment results; be applicable to any

application domain in the software industry; and, be applicable to companies with

any size. The first results in this direction can be found in (Garciaet al., 2008b).

• Reuse Technology Improvement Management: One gap identified in this thesis

is the absence of a technology change management process responsible for sup-

porting companies in defining their system development processes by providing a

structured set of reuse practices to ensure successful adoption of reuse. Generally

speaking, a Technology Change Management (TCM) is the process of developing

a planned approach to the replacement of a legacy technologyby a new one in a

company (SEI/CMU, 2008). More information about this trend can be found in

(Garciaet al., 2008a).

• Metrics: As with any engineering discipline, reuse capability assessment requires

a measurement mechanism for feedback and evaluation. Measurement is a mech-
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anism for creating a corporate memory and aiding in answering a variety of ques-

tions associated with the enactment of any software process(Basili et al., 1994).

Measurement is important to provide data to track the efficiency and efficacy of

the process analyzed. Thus, another limitation of this thesis is the absence of

a measurement framework responsible for defining a set of metrics to track the

properties of the reuse adoption in a controlled fashion. These metrics will help

in measuring the reuse adoption properties, the efficiency level of the assessment

techniques used to evaluate the reuse adoption characteristics and the reliability of

the reuse adoption program.

• Replication of empirical studies: Another limitation of this thesis is the evalua-

tion. It is very difficult to perform experiments in softwareengineering, since there

are a number of factors to be controlled. For example, the metrics used are not an

accurate measure of completeness and adequacy of the reference model elements.

Furthermore, it was performed only one evaluation of companies according to the

RiSE-RM, with no concern for the evaluation of the assessment process. All these

factors contribute to question the validity of the results.Thus, to improve the valid-

ity of the conclusions, we can make further experiments involving a more precise

definition of its elements and automating them, for example,with a larger sample;

7.5 Concluding Remarks

The advent of software reuse through components, processesand methods, and new

approaches such as software product lines and domain engineering has dramatically

changed the way that the software industry develops its software systems, increasing

the productivity and the quality of the software produced. Among these powerful im-

provements, software reuse technology has become an economic necessity because it

shortens the implementation timeline and lessens the unpredictability associated with

developing custom application. However, the path that the companies need to follow

to adopt these technology is hard and with high risks and costs, as it was previously

discussed in the first Chapters.

This thesis presented the proposal that a reuse reference model can aid in the process

of reuse adoption in companies. The reference model combines maturity levels, relation-

ship and dependencies with other reference models (such asISO/IEC (2008a)), goals,

process areas, results and work products. The main contribution is to recognize the need

of the adaptation of reuse process areas identified in the state of the art in literature to
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the Brazilian software industry context.

This reference model is the first step towards an effective process framework for

software reuse adoption. This is a central point around which it is necessary to define ac-

tivities and support management, formal assessment methods, technology transfer, pro-

cesses tailoring and adoption and other engineering practices not covered by this thesis.

Thus, this thesis presents the results of an applied research that seeks to unify dif-

ferent method, processes and techniques related to software reuse adoption providing a

combined support in order to achieve the introduction of reuse practices in the Brazil-

ian companies. The results were interesting and enlightening, especially in terms of

practical use in an industrial environment.

The long term plan is, clearly, to achieve a degree of maturity that could be used as a

reuse capability assessment standard for Software Factories, making it possible to create,

perhaps, a Reuse Capability Assessment Center.
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RiSE Reference Model (RiSE-RM) -

Levels Definition

The seven maturity levels show an evolution from an ad-hoc, undefined reuse process

to a controlled and pro-active reuse process. The maturity levels also allow foreseeing

which reuse-related activities will be performed in a company in the future.

Level G - Informal Reuse

Traditional software development, with Project Planning Process and Requirements

Identification, Evaluation and Agreement activities (ISO/IEC, 2008a), is performed.

Reuse practices, such as the use of Component-based Development, Design Patterns,

among others, are sporadically used or not used at all and areignored or discouraged by

management. These practices are performed as an individualinitiative (personal goal;

according to time constraints). The costs and benefits of reuse are unknown.

Level F - Basic Reuse

At this level, the company will have the first contact with introductory techniques and

methods of software reuse and build its first reusable artifacts. The level F is composed

by the process areas Basic Reuse Techniques and Methods, Reusable Artifacts Imple-

mentation, Reuse of Open Source Solutions and Reuse of Graphical User Interfaces.

Table1 shows the external dependencies of this level to the ISO/IEC12207:2008.

External Dependencies to the ISO/IEC 12207:2008
[6.3.1] Project Planning Process
[6.3.2] Project Assessment and Control Process
[6.3.5] Configuration Management Process
[6.3.6] Information Management Process
[6.3.7] Measurement Process
[7.2.3] Software Quality Assurance Process
[7.2.7] Software Audit Process
[7.2.8] Software Problem Resolution Process

Table 1 External dependencies of Level F
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Process Area: Basic Reuse Techniques and Tools (BRT)

Purpose: To identify, evaluate and recommend basic reuse techniques to be used by the

company. Policies are defined, to ensure that the recommended techniques are consis-

tently applied through the company.

Results:

• BRT1: A documented set of reuse techniques (including templatesand/or conven-

tions) is available for the different reuse levels.

Example of basic reuse techniques:
⊲ Copy-paste;
⊲ Refactoring;
⊲ OO principles (information hiding, encapsulation);
⊲ Design patterns.

Example of basic reuse templates and/or conventions:
⊲ Requirements documentation template;
⊲ Use case documentation template;
⊲ Common interface templates (add, update, list and delete a register);
⊲ Common functionality implementation (add, update, list and delete a register).

• BRT2: One or more tools, or an environment, is established to support the activi-

ties towards the reuse activities;

• BRT3: The reusable artifacts produced by the company, i.e. internal reusable

artifacts, must be packaged and published in a shared area inthe organization;

• BRT4: The internal reusable artifacts must be included in a configuration and

evolutional management plan.

Work Products:

• BRT-WP2 - Tools and Environment: Tools and/or an environment established

as a standard in the company;

• BRT-WP3 - Internal reusable artifacts: The internal reusable artifacts (pack-

ages) documented and published in a shared area in the organization to be reused

across the company projects.
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Process Area: Reusable Artifacts Implementation (RAI)

Purpose: To implement more reusable (in contrast to just“usable” ) software artifacts.

The focus is on the functionalities and business rules that are common to more than one

product developed by the company. The production occurs through codification, testing,

documentation and packaging of the reusable software artifacts.

Results:

• RAI1 : During the requirements elicitation, similar and/or common requirements

are made explicit, so that the developed reusable artifacts(or components) can be

made more generic. In the next levels, this will evolve to a full domain analysis

process;

• RAI2 : Each produced reusable software artifact has its interfaces defined. Each

reusable artifact must have required / provided interfaces, describing what is

needed for it to work, and what it provides in terms of functionalities. This will

evolve to a full domain-specific software architecture in the next levels;

• RAI3 : Unit tests are designed, implemented and performed for each reusable

artifact according to its specification. It is important to stress that these unit tests

must consider different possible reuse contexts;

• RAI4 : Each reusable artifact is documented, thus its functionalities, pre- and post-

conditions, and relevant design rationale, are registered. The documentation must

also include guidelines, release notes (if pertinent) and atutorial on how it should

be reused;

• RAI5 : Each reusable artifact is implemented according to similar and/or common

requirements (RAI1) and the defined interfaces (RAI2). Thiswill evolve, in next

levels, to a domain-aware implementation, where reuse is maximized and focused

in a specific and well-defined domain that comprises a family of similar applica-

tions.

Work Products:

• RAI-WP1 - Reusable Artifacts Source Code: All source code that corresponds

to the implemented reusable software artifacts;

• RAI-WP2 - Unit Tests: Individual portions of source code that test the reusable

artifacts units. A reusable unit may be a function, class, orcomponent. As each
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unit is constructed, it is tested to ensure that it: (1) does everything that its spec-

ification claims; (2) fits different usage contexts; and (3) does not do anything it

should not.

• RAI-WP3 - Reusable Artifacts Documentation: Contains information for two

basic purposes: for development and for reuse. For development, the documenta-

tion should describe the artifact’s design and its rationale, including specific tech-

niques and patterns used, interface definitions (required and provided) and other

relevant information. For reuse, the documentation shouldinclude the interface

definitions (required and provided), release notes, a tutorial on how to reuse this

artifact, and contact/support information.

Process Area: Reuse of Open Source Solutions (ROS)

Purpose: To select a set of reusable open source components and/or framework to be

used in the company solutions. It is important to highlight the concern with the Intel-

lectual Property Right (IPR) of the reusable open source artifacts and of the solutions

which are produced by the company.

Results:

• ROS1: A set of reusable open source components and/or frameworksis estab-

lished and published in a shared area in the organization to be reused in the com-

pany according to the IPRs of the open source artifacts;

• ROS2: Documentation of the reusable open source components and/or framework

selected to be reused in the project/company, composing a catalog of open source

artifacts available for the company;

• ROS3: A set of reusable open source GUI resources is established and published

in a shared area in the organization to be reused in the company.

Work Products:

• ROS-WP1 - Reusable Open Source Artifacts: All reusable open source compo-

nents and/or frameworks selected to be used in the company solutions;

• ROS-WP2 - Open Source Artifacts Documentation: Contains the information

about the open source components/frameworks/resources selected to be used in

the company solutions.
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• ROS-WP3 - Reusable Open Source GUI Resources: All reusable open source

GUI resources established to be reused in the company, i.e. javascripts, css, tem-

plates of frame, among others.

Process Area: Reuse of Graphical User Interfaces (RIF)

Purpose: To construct more reusable (in contrast to just“usable” ) graphical user in-

terfaces (and also web interfaces). The focus is on the standards, functionalities and

interfaces constructed to provide access to business rulesthat are common to more than

one product developed by the company.

Results:

• RIF1: A set of interface standards are specified, documented, constructed and

published in a shared area in the organization to be reused inthe company solu-

tions;

• RIF2: A set of web resources are specified, documented, constructed and pub-

lished in a shared area in the organization in a shared area inte organization to be

reused in the company web solutions;

• RIF3: A set of reusable GUI templates are established to be reusedin the company

solutions.

Work Products:

• RIF-WP1 - Interface standards: The reusable interface standard resources and

a document that contains the guidelines, features and relevant information about

them, i.e. how to use, how to integrate and how to evolve it;

• RIF-WP2 - Web interface resources: The reusable web interface resources and

a document that contains the guidelines, features and relevant information about

them, i.e. how to use it, how to integrate it and how to evolve it it;

• RIF-WP3 - Reusable GUI templates: The reusable GUI templates resources

and its documentation containing the guidelines, featuresand relevant information

about them, such as how to use it, how to integrate it and how toevolve it.
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Level E - Planned Reuse

At this level, the company will plan its reuse efforts through a set of software reuse man-

agement processes area. The maturity level E is composed by the processes: Software

Development with Reuse; Define Reuse Standards and Quality Criteria; Reuse Goals

Definition; and Reusable Artifacts Management.

Table2 shows the external dependencies of this level to the ISO/IEC12207:2008.

External Dependencies to the ISO/IEC 12207:2008
[6.2.1] Life Cycle Model Management Process
[6.2.2] Infrastructure Management Process
[6.2.3] Project Portfolio Management Process
[6.2.4] Human Resource Management Process
[6.2.5] Quality Management Process

Table 2 External dependencies of Level E

Process Area: Software Development with Reuse (DWR)

Purpose: To develop software reusing previously constructed software artifacts. It in-

volves searching, selecting, adapting and integrating reusable artifacts. It is assumed

that these artifacts have been previously tested through unit testing. Therefore, unless

the reusable artifact has to be adapted, only integration testing is needed. Otherwise, if

a reusable artifact has to be adapted somehow to fit in the current context, its implemen-

tation, documentation and unit tests need to be updated.

Results:

• DWR1: A search mechanism is deployed in the development environment. Prior

to deciding on whether some part of the application will be developed from scratch

or will be reused, a search activity must be performed, in order to locate potentially

reusable artifacts;

• DWR2: A decision making process is implemented, to decide whether to reuse,

build or buy some artifact. If it is pertinent to buy one (more) COTS, consider the

Acquisition Process, from ISO 12207:2008, activities and tasks;

• DWR3: Integration testing is planned and performed. The combined reusable

artifacts must be tested as a whole, to detect integration errors;
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• DWR4: The reuse effort is estimated for the reusable artifacts integration into the

system. This practice aims at estimating the effort needed to reuse an artifact.

Work Products:

• DWR-WP1 - Integration Testing Plan: A document that describes the testing

process that exercises a system’s (and its artifacts, modules and components) co-

existence with the reusable artifacts.

Process Area: Define Reuse Standards and Quality Criteria (DRS)

Purpose: To define a set of reuse standards and unified rules on how to organize the

reusable artifacts. The standards also include design rules with respect to creating differ-

ent types of reusable artifacts. For implemented reusable artifacts, software development

best practices, methods and techniques, i.e. design or architectural patterns, can be used.

The company’s reuse standards represent an evolution of thedeveloped reusable artifacts

conventions defined in BRT for the projects.

Results:

• DRS1: A set of reuse standards for the different reuse levels (code, design and

documentation) is established and maintained.

Examples of a reuse standards:
⊲ A set of architectural patterns;
⊲ A component architecture for database access;
⊲ An architectural pattern related to security.

• DRS2: The development items, components, and related work products that will

be placed under reuse standards are identified;

Examples of development items, components and related workproducts:
⊲ Source code;
⊲ Packages of frameworks (jar, war, among others);
⊲ XML schemas;
⊲ UML Diagrams.

• DRS3: Tailoring criteria and guidelines for the company’s set ofreuse standards

are established and maintained;

166



• DRS4: Changes to the reuse standards are tracked and controlled.

Work Products:

• DRS-WP1 - Reuse Standards: A document that contains the reuse standards, its

features, rules and all relevant information, to aid in the reuse-based development;

• DRS-WP2 - Reuse Standard Guidelines: The tailoring criteria and guidelines

for the company reuse standards. These include considerations for reuse-oriented

development and operating with integrating reusable artifacts in the system devel-

opment. Additionally, these guidelines must consider decision criteria about what

artifacts should or should not be adapted to the reuse standards, according to result

DRS2.

Process Area: Reuse Goals Definition (RGD)

Purpose: To define a set of goals related to the reuse initiatives. Thereuse committee is

responsible for tracking the goals. Additionally, the reuse goals must be defined, regis-

tered and shared with the project managers and their teams, in the areas to be benefited

by reuse.

Results:

• RGD1: A set of reuse goals is identified and documented for the projects that can

benefit from the reuse activities;

Examples of reuse goals:
⊲ The functionalities identified as common should be designedand im-
plemented in accordance with the reusable standards and guidelines of
the company;
⊲ All systems developed should be designed base on the internal soft-
ware architecture;
⊲ All web projects should use the catalog of reusable open source arti-
facts approved by the company ;

• RGD2: The identified and documented reuse goals are reflected in the project

plans;

• RGD3: A strategy to reach the reuse goals is defined, documented and shared

among the projects affected by these goals;
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Examples of a strategy to reach the reuse goals:
⊲ Periodical meetings must be performed with the technical leaders in
order to share information and find potential reusable components;
⊲ Before specifying the architecture, analyze the reusable artifacts avail-
able for this project;
⊲ The use of design and architectural patterns is primordial to develop
reusable components from the project requirements.

• RGD4: A reuse committee, which must have the necessary technicaland domain

business knowledge, is formally designated and given the authority to be respon-

sible for managing the reuse goals and reuse strategy;

• RGD5: The activities that can affect the reuse goals are reviewedwith the man-

agement on a periodic basis and event driven basis and, if necessary, adapted to

better reflect the defined goals;

Work Products:

• RGD-WP1 - Reuse Organizational Plan: Document describing the company’s

plans for reusing work products (e.g., intellectual assetsand components) across

multiple projects. The scope of the reuse organizational planning process should

include planning for cross-project activities or activities that are outside the scope

of a single project. At this level, it is an initial version ofthe plan, with information

about risk analysis and the reuse approach for the company. The reuse goals,

strategies and the group responsible for them are documented. This version will

serve as a basis to include new techniques that belong to the higher levels;

• RGD-WP2 - Reuse-based Process: A process that describes how software reuse

is carried out by the company and that helps managers to control the application

of the techniques. At this level, it is an initial version of the process, with the basic

reuse techniques adopted, and the documentation of the activities to achieve the

reuse goals reviewed with the management;

Examples of a reuse-based process include:
⊲ A document describing basic OO principles to be followed by the
company;
⊲ A specification using SPEM or using EPF Composer of the basic reuse
techniques;
⊲ Rules and policies for applying design patterns.
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• RGD-WP3 - Reuse Process Performance Indicators: A document with the

reuse process performance indicators, specified to controland monitor the reuse-

based process execution.

Process Area: Reusable Artifacts Management (RAM)

Purpose: To manage the reusable artifacts life cycle, maintaining the integrity of the

entire artifact configuration, considering that the reusable artifacts are reused across

projects. The goal is to facilitate the process of reusing the artifacts, by centralizing

all the artifacts and related information and, in this context, guarantee that the different

versions of the reusable artifacts are kept synchronized and that their modifications are

properly registered and managed.

Results:

• RAM1 : A reusable artifacts management process is implemented, to register and

manage (analyze, control and audit) the reusable artifactsof the software company

in a centralized way;

• RAM2 : A library/repository system is used to manage (store, search, retrieval and

evolve) the different versions of the reusable artifacts;

• RAM3 : An asset classification scheme is used to organize the reusable artifacts, to

facilitate management, storage, search and retrieval. This classification scheme is

constantly reviewed and updated to reflect the evolution of the registered artifacts.

Work Products:

• RAM-WP1 - Reusable Artifacts Usage Report: The use of reusable artifacts is

recorded;

• RAM-WP2 - Reusable Artifacts Notifications: All stakeholders involved in the

reusable artifacts life cycle, such as users, developers, testers, reuse engineers,

managers, among others, are notified of problems detected, modifications made,

new versions created and deletion of assets from the storageand retrieval mecha-

nism.

Level D - Managed Reuse

At this level, the company is able to manage its reuse effortsthrough a basic infrastruc-

ture in place to support the process. It is planned and executed in accordance with pol-
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icy, employs skilled people who have adequate resources to produce controlled outputs

is monitored, controlled and reviewed and is evaluated for adherence to its process de-

scription. The maturity level D is composed by the processes: Reuse Integration into the

Software Life Cycle; Manage Reuse Unit; and Maintain Traceability Among Reusable

Artifacts.

Table3 shows the external dependencies of this level to the ISO/IEC12207:2008.

External Dependencies to the ISO/IEC 12207:2008
[6.4.1] Stakeholder Requirements Definition

Process

[7.1.1] Software Implementation Process

[6.4.2] System Requirements Analysis Process[7.1.2] Software Requirements Analysis Pro-

cess

[6.4.3] System Architectural Design Process [7.1.3] Software Architectural Design Process

[6.4.4] Implementation Process [7.1.4] Software Detailed Design Process

[6.4.5] System Integration Process [7.1.5] Software Construction Process

[6.4.6] System Qualification Testing Process [7.1.6] Software Integration Process

[6.4.7] Software Installation Process [7.1.7] Software Qualification Testing Process

[6.4.8] Software Acceptance Support Process [7.3.2] Reuse Asset Management Process

Table 3 External dependencies of Level D

Process Area: Maintain Traceability Among Reusable Artifacts

(TRA)

Purpose: To maintain the traceability between reusable artifacts,i.e. to keep the links

and mappings among related artifacts explicit, as they are generated as a result of the

reusable artifacts development.

Results:

• TRA1: A traceability framework is defined: components or models to be traced,

types of links, directionality, automation, etc. This framework documents all rela-

tionships among the reusable artifacts and the way they relate to each other.

Examples of a traceability framework:
⊲ A meta-model for traceability links;
⊲ A XML file with a specific schema to trace the components;
⊲ Traceability tools.

• TRA2: A set of traceability requirements is identified and documented for the

company development process;
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• TRA3: Traceability requirements are integrated in the development process in

order to maintain the necessary information on the links between the different

reusable artifacts;

• TRA4: Software configuration management and version control include informa-

tion about the traceability links.

Work Products:

• TRA-WP1 - Traceability Plan : The traceability plan contains rules, constraints,

standards and information about the reusable artifacts traceability. For each

project, specific plans can be produced, considering the variability and common-

alities of the project.

Examples of a traceability plan:
⊲ The traceability plan can be a section of the configuration plan.

Process Area: Manage Reuse Unit (MRU)

Purpose: To evolve the reuse committee into a special unit in the company. This unit

should have the necessary powers and responsibilities to monitor and control reuse inside

the projects of the company.

Results:

• MRU1: A reuse committee with a leader, support and funding by the high man-

agement is established according to a documented procedure;

• MRU2: A set of rules and responsibilities is defined for the reuse committee;

• MRU3: A group of well-trained and motivated members is selected to compose

the committee;

• MRU4: Communication channels are established, according to a documented pro-

cedure.

Work Products:

• MRU-WP1 - Reuse Unit Manifest: A document describing the reuse unit, its

members and the set of rules, responsibilities and communication channels.
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Process Area: Reuse Integration into the Software Life Cycle (REI)

Purpose: To promote the integration between reuse-specific practices and work products

and the company’s software process. This integration involves a careful study of how

the existing process can accommodate new practices, and howthe integration should

be performed. This process area is also responsible for monitoring and controlling this

integration, with the objective of promoting a smooth transition.

Results:

• REI1: The reuse activities are partitioned into sub-activitiesand integrated into

the software life cycle;

• REI2: An institutionalized version of the reuse-oriented process is defined, docu-

mented and adopted by the company;

• REI3: A mechanism to allow the reuse engineers to work with developers is es-

tablished according to a documented procedure.

Examples of a mechanism to allow the reuse engineers to work with developers:
⊲ Knowledge management tools;
⊲ Corporate social networks;
⊲ Collaborative tools.

Work Products:

• REI-WP1 - Reuse-based process (evolved from RGD-WP2): A software devel-

opment process based on reuse activities, tasks and roles. It is an evolved version

of the basic reuse process defined in level F. The reuse activities are partitioned

into sub-activities and integrated to the software life cycle. This process is adopted

by the entire company and must define a mechanism to allow the reuse engineers

to work together with developers;

• REI-WP2 - Standard definitions for the reuse work products: A document

describing a set of standard definitions for the work products related to the reuse-

based process, such as templates for documents and design and architectural pat-

terns for components.
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Level C - Family-Oriented Reuse

At this level, the company is able to evolve to a systematic way to produce its prod-

ucts. The company’s process is a managed process that is tailored from the company’s

environment (domain) according to the family-oriented products guidelines, work prod-

ucts, measures, information and other process improvements. The maturity level C is

composed by the processes Domain Analysis; Domain Design; Domain Realization,

Domain Testing and Reusable Software Artifacts Decay.

Table4 shows the external dependencies of this level to the ISO/IEC12207:2008.

External Dependencies to the ISO/IEC 12207:2008
[6.3.3] Decision Management Process
[6.3.4] Risk Management Process
[7.3.3] Reuse Program Management Process
[6.4.11] Software Disposal Process

Table 4 External dependencies of Level C

Process Area: Domain Analysis (DAN)

Purpose: To identify and formally define the target domain. It involves identifying and

documenting the scope of the domain and the commonalities and variabilities within this

scope. This process area is an evolution of result RAI1 in level F.

Results:

• DAN1: A procedure to define the domain scope, to identify variabilities and com-

monalities and to identify the constraints among the domainfeatures is specified

and documented;

The company can tailor its specifics procedures based on a domain anal-
ysis process. Examples of a domain analysis process:

⊲ FODA (Kanget al., 1990);
⊲ RiDE (Almeida, 2007);
⊲ PuLSE (Bayeret al., 1999).

• DAN2: The target domain is identified and formally defined. Existent and poten-

tial applications can be analyzed in order to help identifying the domain features;

• DAN3: The domain scope and a set of configurable requirements are defined;
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• DAN4: The variability and commonality points are identified and documented;

• DAN5: The constraints of the domain features are identified and documented.

Work Products:

• DAN-WP1 - Domain Scope: A document that captures the context and the most

important requirements and constraints of the domain so that acceptance criteria

can be defined for the end product. The document can contain a product map, or

portfolio of domain applications, identifying the domain features and the defini-

tion of a set of configurable requirements;

• DAN-WP2 - Organizational Domain Analysis Process: A document describing

procedures for defining the domain scope, identifying variabilities and commonal-

ities and identifying the constraints of the domain features;

• DAN-WP3 - Domain Requirements: A document that details the common and

variable requirements as well as the orthogonal variability model to application

requirements engineering. The document specifies the identified variability and

commonality points and the constraints of the identified anddocumented domain

features;

• DAN-WP4 - Domain Model: A diagram with a compact representation of all

products of a domain in terms of features. Domain models contain variability and

commonality representation and information about the constraints of the domain

features.

Process Area: Domain Design (DDE)

Purpose: To formally design a domain-specific reference architecture that defines the

structure or structures of the domain (and systems that compose the domain), which com-

prises software components, the externally visible properties of those components, and

the relationships between them. Documenting domain reference architecture facilitates

communication between stakeholders, allows early decisions about high-level design,

and allows reuse of design components and patterns between projects. The concern with

a domain-specific reference go beyond mere required/provided interfaces as defined in

result RAI2 of level F. Here, the design of the entire domain,and not only individual

assets, must consider domain-wide integration and reusability.

Results:
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• DDE1: A reference architecture defines the structure or structures of the domain

(and systems that compose the domain) and determines the waythe domain sys-

tems are built. Requirements, including their variability, have to be mapped to

technical solutions, to be used during the realization of the domain;

• DDE2: The reference architecture includes a variable structure(s) that is the basis

for the structures of all applications in the domain;

• DDE3: The information about the domain (systems) is clustered in abstractions by

considering certain aspects only. This reduces complexityof the design. Separate

abstractions deal with different aspects of the systems;

• DDE4: The abstractions are related to each other through modelingactivities in

order to enable reasoning about them;

• DDE5: Simulating activities can be performed to “execute” certain models in

order to measure certain domain aspects. There is often a software execution

theory available that allows translating the measurement results into actual system

properties (if pertinent);

• DDE6: Prototyping activities can be performed to produce fast implementations,

covering important domain aspects. The purpose is to execute the prototype to

measure how the actual domain behaves (if pertinent);

• DDE7: In addition to the design activities, an architecture analysis and evaluation

can be carried out. This evaluation should identify and prioritize business goals,

also known as quality attributes, to be achieved by the reference architecture.

Work Products:

• DDE-WP1 - Reference Architecture:A document with the definition of a refer-

ence architecture for the domain, which defines the way in which the systems of

the domain will be constructed;

• DDE-WP2 - Reference Architecture Prototypes:Fast implementations cover-

ing specific domain aspects.

Process Area: Domain Realization (DRZ)

Purpose: The goals of the Domain Realization are to provide the detailed design and the

implementation of reusable software artifacts, based on the reference architecture. This
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process area is an evolution of result RAI5 (level F). Here, the implementation aims at

producing assets that are reusable in a more focused context- the domain.

Examples of reusable artifacts of the DRZ process:
⊲ Thread designs;
⊲ Database tables;
⊲ Protocols;
⊲ Data streaming formats;
⊲ Components, frameworks and/or general API.

Results:

• DRZ1: After the domain analysis and design process, the family-oriented reusable

artifacts are constructed;

• DRZ2: In RAI5 (level F), each implemented reusable artifact was constructed to

conform to required / provided interfaces. Here, the reusable artifacts must comply

not only to interfaces, but also to domain-specific reference architecture, i.e. here

a family-oriented interface is achieved;

• DRZ3: In RAI3 (level F), the reusable artifacts had unit tests to verify/validate

their functionality. Here, these unit tests may include different concerns that arise

from the family-oriented approach that starts in this level. While in level F the tests

aimed at exercising generic characteristics and constraints, here the tests focus on

the family-oriented reference architecture and its characteristics and constraints.

Work Products:

• DRZ-WP1 - Design of the Reusable Artifacts Interfaces (Required/Provided):

The design of the reusable artifacts’ interfaces (requiredand provided). Here the

interfaces include more details than the simple functionalsignatures one found

in header files. These interfaces provide access to the encapsulated services or

functions of the software reusable artifacts and provide the relationship among

others family-oriented artifacts, reference architecture and other kind of artifacts

that would be necessary;

• DRZ-WP2 - Design of the Reusable Artifacts: The design of the reusable ar-

tifacts, representing its functionality implementation and behavior. Specific tech-

niques can be used to represent the design;
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Examples of specific techniques to design reusable artifacts:
⊲ Component-based Development;
⊲ Aspect-Oriented Development.

• DRZ-WP3 - Unit Tests (evolution of RAI-WP2): Individual portions of source

code to test the reusable artifacts units in the products family context;

• DRZ-WP4 - Validation of application architecture : In order to keep the ap-

plication architecture consistent with the reference architecture, it has to be vali-

dated. This mainly involves checking the structure and the traceability among the

reusable artifacts. Only after the application architecture is validated it should be

used to build the application.

Process Area: Domain Testing (DTT)

Purpose: The goal of Domain Testing is to validate the output of the other domain

engineering process areas. The main focus is on the validation of the realization artifacts.

Besides, in contrast to single-system engineering, testing activities in family-oriented

approaches have to consider family-oriented variability as well as the differentiation

between the two development processes, i.e. domain and application engineering. Thus

a domain test plan with one or more test strategies for testing family-oriented artifact

must be considered (Zenget al., 2004; Pohlet al., 2005; ?).

Examples of test strategies for testing family-oriented artifacts of the
DTT process:

⊲ Brute force strategy;
⊲ Pure application strategy;
⊲ Sample application strategy;
⊲ Commonality and reuse strategy.

Results:

• DTT1: After the domain analysis and design process, the domain test plan for the

domain testing process are constructed;

• DTT2: Besides the domain unit tests defined in DRZ3 (level C), a set of reusable

test artifacts, such as test cases, test suites and test scripts, must be designed and

constructed in accordance with the domain artifacts definedearlier, i.e. domain

requirements, reference architecture and reusable artifacts;

177



• DTT3: In DRZ3 (level C), domain unit tests validates the behavior of a reusable ar-

tifact against its input/output behavior specified in the corresponding specification.

However, in practice there are even more test levels. The architecture provides

layers or subsystems that can be tested incrementally. Thus, there may be several

incremental integration test levels. Incremental integration testing reduces com-

plexity since earlier increments have already been tested and can thus be assumed

to be correct during the test of the next increment. The integration test is usually

performed on units or components that have successfully passed the unit test;

Examples of integration test strategies for testing family-oriented arti-
facts of the DTT process (Burnstein, 2003):

⊲ Big-Bang, a non-incremental strategy that integrates all components that have
succeeded in unit tests;
⊲ Incremental, the components are integrated as successfully pass the unit tests.

• DTT4: Besides the domain integration tests, another coarse-grained level test

must be performed to validates the behavior of a whole systemagainst its system

requirements specification. Thus, domain system test must be performed. The

internals of the system are usually not considered during a system test. The system

requirements define the desired behavior of the system. System tests validate the

implemented system against the specification;

• DTT5: In order to detect defects that are caused by modifications/evolutions to

the reusable artifacts, the reference architecture and/orthe interrelationship among

them, regression test must be performed. In regression testing, test cases of older

versions of a software product are reused to test a new software version;

Examples of test cases for testing family-oriented artifacts of the DTT
process (Leung and White, 1989):

⊲ Reusable Tests: Responsible for testing a unmodified portion of the specifica-
tion and architecture structure. They are still valid but donot need to be executed
again to guarantee the regression testing safety;
⊲ Re-testable Tests: This class includes all tests that should be repeated because
the software structure was modified, even though the specification regarding to
the software structure are not modified. They are still validand need to be rerun;
⊲ Obsolete Tests: Comprehend the test cases that can not be executed on the new
version, since they become invalid for the new context.

Work Products:
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• DTT-WP1 - Domain Test Plan: A document describing the scope, approach, re-

sources, and schedule of intended testing activities. It identifies test items, the

features to be tested, the testing tasks, who will do each task, and any risks re-

quiring contingency planning (IEEE, 1998). In a family-oriented approach, test

planning is based on domain artifacts, i.e. on the domain requirements, the refer-

ence architecture, the detailed design artifacts, and, most notably, the variability

model of the product line. The product roadmap determines the schedule when

the product line applications have to be finished. It is therefore relevant for the

testing schedule;

• DTT-WP2 - Domain Test Cases:A document specifying inputs, predicted re-

sults, and a set of execution conditions for a test item (IEEE, 1998);

• DTT-WP3 - Domain Test Suites:It is simply a table of contents for the individual

test cases. Organizing the suite of test cases by priority, functional area, actor,

business object, or release can help identify parts of the system that need additional

test cases;

• DTT-WP4 - Domain Test Scripts: Also know as test procedures, is a document

specifying a sequence of actions for the execution of a test (IEEE, 1998);

• DTT-WP5 - Domain Test Report: A document summarizing testing activities

and results. It also contains an evaluation of the corresponding test items (IEEE,

1998);

• DTT-WP6 - Domain Test Master Plan: It is a document describing the approach

to be taken for intended testing activities and serves as a service-level agreement

between the quality assurance testing function and other interested parties, such

as development.

Process Area: Reusable Software Artifacts Decay (SAD)

Purpose: To end the existence of a reusable software artifact. The reuse committee

group must be able to specify and apply methods in order to endactive support by

the operation and maintenance organization, or deactivate, disassemble and remove the

affected reusable software artifacts, consigning them to afinal condition and leaving the

environment in an acceptable condition (ISO/IEC, 2008a).

Results:
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• SAD1: A software disposal strategy is defined by the reuse committee. Other

professionals with different skills can be involved;

• SAD2: A set of disposal constraints are provided as inputs to the reusable software

artifacts requirements;

• SAD3: The reusable software artifacts are destroyed or stored according to the

strategy proposed.

Work Products:

• SAD-WP1 - Reusable Software Artifacts Disposal Strategy:A reusable soft-

ware artifacts disposal strategy is defined and documented.A plan to remove

active support by the operation and maintenance companies shall be developed

and documented. The planning activities shall include users.

Level B - Reuse

At this level, the company is able to quantitatively manage its reuse program using quan-

titative techniques or methods. Quantitative objectives for quality are established and

used as criteria in managing the reuse program. The maturitylevel B is composed by

the processes: Asset Quality Control and Reuse Cost Model.

Table5 shows the external dependencies of this level to the ISO/IEC12207:2008.

External Dependencies to the ISO/IEC 12207:2008
[6.4.10] Software Maintenance Process

Table 5 External dependencies of Level B

Process Area: Asset Quality Control (AQC)

Purpose: To establish quality goals for reuse-based constructed software products. The

reuse committee and SQA group must be able to understand and apply methods in or-

der to measure the performance, collect the reuse process execution results and ensure

continuous reuse improvement.

Results:

• AQC1: The quality goals for the software products are established, documented

and incorporated into the reuse plan by the reuse managers.
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Work Products:

• AQC-WP1 - Asset Quality Control Program: A program with goals, activi-

ties and tasks for reusable software artifacts must be documented. Tools can be

selected to aid in the activities execution, as well as methods and techniques to

measure the performance and assure the quality of the reusable artifacts;

• AQC-WP2 - Asset Quality Control Execution Report: A document containing

the results of the asset quality control, to be shared with interested parties.

Process Area: Reuse Cost Model (RCM)

Purpose: To help companies to make decisions concerning reuse investments, including

whether or not to invest in a reuse program, whether to choosea specific type of reuse

over another, and whether or not to consider reuse and investin some other type of

technique or process.

Results:

• RCM1: Costs and benefits functions are identified or defined to drivethe cost

model. These functions are documented and shared by the responsible for the

decision making process related to the reuse questions;

• RCM2: A set of reuse scenarios and costs and benefit functions are defined to

provide savings or losses estimates. The reuse scenarios can be used to provide

different costs and benefits viewpoints;

• RCM3: A set of viewpoints, in the context of the software reuse program related

to the involved stakeholders, is identified and defined with its different roles, con-

cerning the economic analysis of the entire program;

• RCM4: An investment analysis is carried out. The output of an economic view-

point highlights if it is valuable to invest or not in one or more reuse scenarios

within a reuse program.

Traditional economic functions can be used to perform cost-benefits bal-
ance, such as (Lim, 1998):

⊲ Net Present Value (NPV);
⊲ Return on Investment (ROI);
⊲ Internal Rate of Return (IRR).

Work Products:
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• RCM-WP1 - Reuse cost model:A framework that documents the notation of

explicit costs and benefits associated with a reuse program;

• RCM-WP2 - Economic functions: Functions that can be applied in a cost model

to identify the viability of the investment;

• RCM-WP3 - A set of Viewpoints: Each stakeholder involved in a reuse program

has its own viewpoint. Viewpoint is a particular vision of what will influence the

interpretation of the economic functions. These are made explicit in this process

area.

Examples of stakeholders with influence in this WP:
⊲ corporate managers;
⊲ domain engineering teams;
⊲ application engineering teams;
⊲ individual producers of reusable artifacts;
⊲ quality assurance engineers.

Level A - Pro-Active Reuse

At this level the company is able to develop and incrementally evolve a pro-active nature

for the organizational reuse program. It involves process areas and techniques for antic-

ipating reuse opportunities, based on the previous projects, quantitative and qualitative

understanding of the market and the current application domains. The maturity level A

is composed by the processes Reuse Process Optimization; ROI and Market Conditions

Analysis and Reuse Assets Predictability.

Table6 shows the external dependencies of this level to the ISO/IEC12207:2008.

External Dependencies to the ISO/IEC 12207:2008

Table 6 External dependencies of Level A

Process Area: ROI and Market Conditions Analysis (MCA)

Purpose: To investigate and analyze the return on reuse investment and market condi-

tions. The objective is to aid in strategic planning regarding new reuse directions and the

develop/reuse/buy decision making process.
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Results:

• MCA1: The return on reuse investment and costs are analyzed, stored and shared

with all interested parties within the company;

• MCA2: New business opportunities and market conditions are analyzed, stored

and shared with all interested parties within the company.

Work Products:

• MCA-WP1 - Reuse Considerations in the Business Plan:A document contain-

ing a formal statement of all reuse-specific considerations, including reuse goals,

the reasons why they are believed attainable, and the plan for reaching those goals,

based on a solid ROI and market analysis. This document is meant to be included

as part of the company’s business plan;

Examples of reuse considerations in the business plan:
⊲ Background information about the company or team attempting to
reach the reuse goals;
⊲ Descriptions of the vision, current status, expected needs, defined mar-
kets, and projected results of the business.

• MCA-WP1 - Knowledge base of the decision records:A historic repository that

stores all decisions established during the develop/reuse/buy decision process.

Process Area: Reusable Assets Predictability (RAP)

Purpose: To try to predict reuse opportunities, in order to develop reusable domain as-

sets before they are identified as required in a specific application. The idea is to create

a repository with assets that are likely to be necessary in the future, thus new business

demands can be satisfied in a much shorter time, creating a significant competitive ad-

vantage.

Results:

• RAP1: A reusable assets prediction team is established, with management support

and incorporated into the reuse unit;

• RAP2: During each life cycle phase, possibly reusable assets are identified and

the necessity of its development must be registered. The team responsible for the

reusable assets prediction can then determine if such reusable assets should be

developed or not;
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• RAP3: An action plan to develop the predicted reusable software isdeveloped

and documented.

Work Products:

• RAP-WP1 - Reuse-based process (evolved from REI-WP1):The reuse-based

process is updated to include activities to identify and store the reusable assets;

• RAP-WP2 - Reuse Organizational Plan (evolved from RGD-WP1): This ver-

sion of the reuse organizational plan incorporates the reusable artifacts prediction

activities, the impact of its results in the development process and the action plan

for developing the predicted reusable software;

• RAP-WP3 - Reuse Unit (evolved from MRU1):The reuse committee is incor-

porated by a reusable assets prediction team with management support.
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