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ABSTRACT

SPL-CMM: SOFTWARE PRODUCT LINE CAPABILITY
MATURITY MODEL

Caligkanbag, Recep Bora
M.S., Department of Information Systems
Supervisor: Assoc. Prof. Dr. Altan Kogyigit
Co-Advisor: Assist. Prof. Dr. Ebru Gokalp
July 2019, 102 pages

Software companies show increasing attention to Software Product Line (SPL)
approach. SPL provides cost reduction, quality improvements, and reduced delivery
time. Because of these benefits, companies want to assess their current level of SPL
and to achieve a guidance for improvement. It is a relatively new area of research in
which, so far, limited work has been done. These limited studies are based on Business,
Architecture, Process and Organization (BAPO) model. In order to check the
applicability, usefulness and completeness of the BAPO model, a pilot study and an
exploratory case study have been conducted. Based on the feedbacks from these case
studies, the Modified BAPO has been achieved. For the validation of the Modified
BAPO, an explanatory case study has been conducted. The results indicated that the
Modified BAPO is still insufficient, incomplete and not useful. In order to provide a
solution that satisfy these requirements, a SPL Capability Maturity Model (SPL-
CMM) has been developed based on SPICE-ISO/IEC TR 15504. SPL-CMM includes
SPL-Process Reference Model (SPL-PRM) consisting of 16 SPL specific process
definitions under four process areas of business, architecture, technical and
organization as well as a measurement framework providing objective ratings. It is a
structured and standardized approach that enables assessment of the SPL specific
processes in a consistent, repeatable manner. It is assisted by adequate measures with
guidance on actions for improvement. The validation of the proposed model has been
performed through conducting a case study. The case study results show that the SPL-
CMM is applicable for identifying the current state of the SPL process capability and
the gaps for process improvement to the next capability level.

Keywords: Software Product Line, Capability, Maturity, Assessment Model
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YUH-YOM: YAZILIM URUN HATTI YETENEK OLGUNLUK
MODELI

Caligkanbag, Recep Bora
Yiiksek Lisans, Bilisim Sistemleri
Tez Yoneticisi: Dog. Dr. Altan Kogyigit
Tez Es Danismani: Dr. Ogretim Uyesi Ebru Gokalp
Temmuz 2019, 102 Sayfa

Yazilim sirketleri, belirli bir miisteri boliimii i¢in belirlenmis ortak bir temel altyap1
tizerinde gelistirilmis ortak 6zellikleri paylasan yazilimlar gelistirmek i¢in Yazilim
Uriin Hatt1 (YUH) yaklasimina artan sekilde ilgi gostermektedir. YUH, maliyet
diististi, kalite artis1 ve kisa teslim siiresi gibi faydalar saglamaktadir. Bu nedenle,
sirketler mevcut YUH seviyelerini degerlendirerek, iyilestirme igin rehberlik
istemektedir. Bu alan, simdiye kadar sinirli ¢aligma yapilmis, nispeten yeni bir
arastirma alanidir. Bu siirh galismalarin cogu BAPO (Is Mimari Siire¢ Kurulus —
Business Architecture Process Organization) catisina dayanmaktadir. Bu tez
kapsaminda, BAPO'nun uygulanabilirligini, kullanigliligini ve eksiksizligini kontrol
etmek icin, bir pilot calisma ve bir kesif amagli durum g¢alismasi yapilmistir. Bu
caligmalardan elde edilen geri bildirimlere dayanarak yapilan degisikliklerle,
Degistirilmis BAPO elde edilmistir. Degistirilmis BAPO'nun onaylanmasi i¢in bir
vaka calismasi yapilmistir. Sonug, Degistirilmis BAPO'nun hala yetersiz, eksik ve
kullanigsiz oldugunu gostermistir. Bu gereklilikleri karsilayan bir ¢oziim saglamak
i¢in, bu tez ¢alismasi kapsaminda SPICE-ISO / IEC TR 15504'e dayanarak gelistirilen
YUH-Yetenek Olgunluk Modeli (SPL-CMM) o&nerilmektedir. SPL-CMM, s,
Mimari, Teknik ve Kurulus Siire¢ Alanlar1 altinda gruplanmis toplam 16 YUH &zgii
sirec tanimin1 kapsayan YUH Siire¢ Referans Modelinin yani sira nesnel
degerlendirme saglayan bir dl¢iim gercevesi igermektedir. YUH'na 6zgii siireglerin
tutarli ve tekrarlanabilir bir sekilde degerlendirilmesini saglayan yapisal ve standart
bir yaklasimdir. Ayrica, iyilestirme faaliyetlerinde rehberlik edecek doyurucu 6lgiitler
ile de desteklenmektedir. Onerilen modelin gecerliligi bir durum calismas: ile
incelenmis olup, sonuglar, SPL-CMM'nin, YUH mevcut durumunu ve bir iist seviyeye
ulagmak i¢in yol haritasin1 belirlemek i¢in uygulanabilir oldugunu gostermistir.

Anahtar Kelimeler: Yazalim Uriin Hatt1, Yeterlilik, Olgunluk, Degerlendirme Modeli
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CHAPTER 1

INTRODUCTION

High product variety increases production and distribution costs. Modular product
design and exploiting commonality are some of the utilized approaches to maximize
the benefits while offering a variety of products[1]. By exploiting the commonality
with approaches like product platforms and product families, companies tried to tackle
these costs. The term product family is defined as “a set of similar products that are
derived from a common platform and yet possess specific features/functionality to meet
particular customer requirements”[2]. Like the existence of product families and
product platforms in product development and production, Software Product Line
(SPL) and software product families exist in software development. SPL can be
described as “a set of software intensive systems sharing a common, managed set of
features that satisfy the specific needs of a particular market segment and developed
from a common set of core assets in a prescribed way”[3]. The benefits of
commonalities and reuse are also highly utilized in software development. Similar
rules in product line engineering also apply to software. SPL have commonalities
which in turn implies the existence of the variabilities and variation points which is a
crucial design concept in software development. This, in turn, enables the realization
of configurable software. This configurability is important since it supports reuse and
lets developers easily adopt services related to the needs of their applications [4].

The SPL is receiving an increasing amount of attention from software development
organizations because of the promising results in cost reduction, quality
improvements, and reduced delivery time. SPL assessment is a relatively new area of
research. Hence, limited work has been done in this field. Currently, researchers from
both academia and industry are attempting to develop a prescribed and a systematic
way of measuring the capability/maturity of a SPL processes[5].

A process capability maturity model (PCMM) provides a roadmap for implementing
the vital practices for one or more domains of processes performed in the organization.



It covers the key elements of effective processes of disciplines. It represents stages or
levels of process capability [6]. As a result of determining current capability level of
the process based on the assessment results, a road-map of improvements is achieved.
By performing the actions determined in the road-map, the process will be improved.
There are various well-accepted PCMMs, such as Software Process Improvement and
Capability Determination (SPICE) which is published as the standard of ISO/IEC TR
15504, CMMI (Capability Maturity Model Integration). These models are used as an
evaluative and comparative basis for process improvement and assessment. Higher
process capability and organization maturity is associated with better performance.
Observed benefits of these models include cost savings, more involved employees,
improved and predictable quality as well as increased productivity, generating a
consistency of process capture and use [7]. Customizing SPICE to different sector is
subject of growing interest in the literature, as MEDI-SPICE, Automotive-SPICE,
Enterprise-SPICE, etc.

Although there are limited number of studies related to measuring SPL process
capability/maturity are in the literature, none of existing studies is developed based on
a well-known PCMM. The purpose of this study is to develop the SPL Capability
Maturity Model (SPL-CMM) based on SPICE by developing SPL Process Reference
Model (SPL-PRM) including process definitions for SPL engineering domain. The
aim of SPL-CMM is to provide a basis for improving the SPL engineering processes.

SPL-CMM consists of two dimensions, process and capability. Process dimension
includes SPL-PRM covering four main process areas of Business, Architecture,
Technical and Organization, and 16 critical SPL processes defined in these four
process areas. The process definitions include measurable objectives of a process:
Process Outcomes, Base Practices (BPs), and Work Products which are constructed
based on SPICE. The capability dimension includes Capability levels and Process
Attributes (PAs) adapted from SPICE. The PAs representing measurable
characteristics necessary to improve the process are applicable to all processes.

The significance of the study is that the SPL-CMM including SPL specific process
definitions and a measurement framework enables objective rating. It enables
determining the current process capability level and provides a road-map for process
improvement. SPL-CMM pursues to provide a structured and standardized approach
by assessing the SPL specific processes. The motive is to be able to perform
improvement initiatives in a consistent and repeatable way, supported by adequate
measures with guidance for improvement.

As described in Figure 1, the followed research methodology starts with the problem
identification. The necessity of a capability/maturity model for making an assessment
of the current state and providing a structured road map for improvement in SPL
domain has been identified by the author as a software architect working in the
industry. Then, the literature was reviewed if there is a model satisfying the
requirements and it was figured out that there are a limited number of studies in this
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domain, and most of the existing SPL Maturity Models depend on the model of
BAPOI[5], [8], [9].We conducted a pilot case study in Organization-A to check
understandability, completeness and applicability of BAPO. The received feedbacks
from process owners indicated that the model is insufficient, hard to understand and
incomplete. For instance, testing process is omitted in the model but it is important for
SPL. After collecting feedback from the pilot study, we conducted an exploratory case
study to measure SPL Maturity Level of Organization-A. The results were correlated
with pilot study results for insufficiency, incompleteness and understandability, and
these results guided us in determining improvement areas of the BAPO. Based on these
improvement areas, we modified BAPO to achieve the model called as Modified
BAPO. Then, we conducted an explanatory case to check the applicability,
completeness and usefulness of Modified BAPO. The results indicated that the
Modified BAPO is still insufficient and not useful. After this experience, we concluded
that modifying BAPO will not solve our problem. There is a need for a PCMM
specifically developed for SPL domain based on a well-known PCMM. By taking into
consideration of this necessity, we have developed SPL-CMM by customizing SPICE.
After development of SPL-CMM, a case study in Organization-B was conducted to
check the applicability, usefulness and completeness of SPL-CMM by determining the
capability level of 16 SPL specific processes and to providing a guideline for process
improvement. The results show that the SPL-CMM is applicable for identifying the
current state of the process capability and the gaps with the assessed capability level
of the SPL processes. We answered the following research questions in the light of the
case studies:

RQ1: How suitable it is to use the SPL-CMM with the purpose of identifying the
current SPL specific process capability level and how well it provides a roadmap for
the process improvement?

RQ2: What are the strengths and weaknesses of the SPL-CMM?

The rest of this thesis is organized as follows: Chapter two is a review of the literature
in SPL process improvement methods, their strengths and weaknesses. Chapter three
describes the structure and components of Modified BAPO. Chapter four describes the
case studies including pilot and exploratory case studies for BAPO, explanatory case
studies for Modified BAPO for validation purposes. Chapter five describes the
structure and components of SPL-CMM proposed in this thesis. Process Descriptions
of SPL-CMM are provided in Appendix. Chapter six describes study SPL-CMM
application via a case study for validation purposes. Chapter seven describes the
overall findings, achievements and possible directions for future work.
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CHAPTER II

LITERATURE REVIEW

This chapter contains the related literature. The concept of software product line
engineering, presented capability and maturity models for software product lines and
widely known capability maturity models are investigated. In sections 2.1, 2.2 and 2.3,
the concept of software product line engineering is presented. Section 2.4 contains the
software product line capability and guideline frameworks. The BAPO model is
explored in detail in section 2.5. And in the last sections, 2.6 and 2.7, widely used
capability maturity frameworks SPICE and CMMI are presented.

2.1. Product Platforms and Product Families

Before diving into software side of the context, it can be useful to define the terms
“Product Platform” and “Product Family”. In a generic manner, why are platforms and
families are utilized should be investigated. With the increase in demands and variety
of needs, products need to vary, too. This, of course, comes with a cost

To have a better visualization, mobile phones can be given as an example. The variety
of mobile phone models of the same manufacturer forms a product family. As defined,
they all are similar products with similar specifications, yet they all differ from each
other at some respect. The product family as a whole aims to cover the targeted market
segment. As in mobile phones example, a manufacturer may try to target all customers,
then the targeted segment of the product family is all the possible customers. However,
another manufacturer may only produce high end products or just low cost products
and target only a portion of the market with their product families. Products themselves
on the other hand, aim for the smaller portions of the targeted market segment
individually.

The term product platform is defined as ““a set of subsystems and interfaces developed
to form a common structure from which a stream of derivative products can be
efficiently developed and produced”[2]. There exist specific design rules for each
product platform during design and development. Baldwin and Clark divides these
rules into 3 categories; platform architectures, interface protocols and standards[10].
Different sorts of product platforms may serve different purposes. A modular platform
enables the production of variations by means of configuration, a scalable platform
enables the production of variations with the same functionality but with different



capacities, a generational platform leverages the product life cycle and enables the
rapid next-gen development [11].

Product platforms and families are not stationary assets either. With the advancements
in technology and the changes in market needs, product platforms and families also
need to evolve. Some initial features and elements may get obsolete while newer ones
are introduced. This is the natural life cycle of a product or component. With the so
called birth and the death of the products and product elements, product platforms and
families evolve. This is visualized with Figure 2 Product Family Evolution p33[12]
from El Maraghy.

Losing Roots Developing Branches
Original Family Transition Evolved Family
T T -
/ Y - »
/ \ p N
. \
I ‘ | e
\ J \ /
LY 7
~ 4 5 /
e — S -

Figure 2 Product Family Evolution p33[12]

The commonality seems to be in the core of these approaches. But still, there is an
issue that needs to be mentioned. Variations are as important as the commonalities
since there is also the marketing and customer side of this picture. Exploiting
commonality does not always come with cost reductions and happy customers. There
are always market expectations regarding the prices for their needs and product
differentiations. There is a good example to explain this. The memory chips are used
for message recording in machines with higher prices whereas cassette tapes are used
in lower-price machines. If the same chips are also used in the low-end products, it
will increase the costs and shadow the merits of the high and products[1]. This might
seem a bit old, but it is self-explanatory. Commonality does not mean using the same
element for all the similar purposes and products. There is always cost efficiency side
for the needs of the product and the market needs to be convinced why they are paying
more for a product than another.

2.2. Software Product Lines

Management is a key feature in SPLs, meaning that it is not simply ad hoc reuse, a
concept that can be easily misunderstood. Not every reuse simply means the existence
of a SPL. As described by Clements et al “in a SPL approach, the reuse is planned,
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enabled, and enforced—the opposite of opportunistic”[13]. As in product platforms,
SPLs also targets a specific market segment. It should be structured, otherwise it may
lead to an unmaintainable code base. And as in the last words, the software is
developed from the core assets. This implies the existence of core asset development
and application specific development. The application engineering develops different
products by configuring the related common parts and implementing product specific
extensions where necessary[14]. The distinction between these two concepts plays a
key role in SPL engineering.

2.3. SPL Engineering Foundations
2.3.1. ITEA and ESPRIT Projects

The frontier researches on SPL engineering and software product families are done
within the consortium of ESPRIT and ITEA, Information Technology for European
Advancement. Two projects were held within ESPRIT, namely ARES, Architectural
Reasoning for Embedded Software, and Praise. These consortiums were working on
the concept of software product family development and evolved into the following
ITEA projects afterwards[15]. A series of projects were held by ITEA project groups
each lasting a few years. The first project ESAPS, “Engineering Software
Architectures, Processes and Platforms for System Families”, was carried out between
1999 and 2001. Many project partners like Philips, Bosch, Nokia, Siemens and Thales
participated in this project. Right after the end of this project, it was then proceeded by
another ITEA project between 2001 and 2003, Café, From Concept to Application in
System-Family Engineering. Similarly, after Café, Families projects was initiated,
FAct-based Maturity through Institutionalization Lessons-learned and Involved
Exploration of Systems, which also was planned for two years as its predecessors. It
was carried out between 2003 and 2005. The topic under investigation with ESAPS
was the progresses in methods, technology and tools for developing families of
products, in the areas of analysis, definition and evolution of system families. In the
second study, namely Cafg, the topic was combining the separate concepts from the
ESAPS project into a unified whole, covering the entire lifecycle of a product family.
The third of the series was held to consolidate the work done in ESAPS and CAFE in
practical businesses, architectures, processes and organizations connected to family
development. The details can also be accessed through ITEA website. Figure 2 shows
the overview of the participants and Figure 3 shows the project topics of the projects.
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Figure 3 ARES, Preise, Esaps, Café projects participants[15]

Project topics
Business Architecture Process Organization
ARES Dealing with variation Recovery from legacy systems
Architecture description
Resource management qualities
Praize Domain-specific architectures Family development practices
Family architectura Variability and commaonality
Development tools Traceability between assets
Architectural decisions
Esaps Scoping Domain analysis Architecture assessmeant Platform and component
Aspect analysis Architecture recovery development
Family requirements Domain analysis
Architecturs glossary Aspact analysis
Commonality and variability Family development process frameworks
Reference architecture Requirements modeling and traceability
Platform and components (hange management
Evolution support
Variant configuration and derivation
Cafe  Business and market Requirements engineernng Asset management Asset management
analysis Heterogeneous platforms Traceability Validation and testing
Scoping COTS use (hange management and impact analysis  Product-line transition and adoption
Family development Design for quality Family transition and adeption Change management
transition and adoption  Development tool support Gonfiguration and version management Configuration and version
Test modeling Product derivation management
Validation Family evolution Product derivation
Test strategy and methodology
Validation

Figure 4 ARES, Preise, Esaps, Café projects interest areas[15]
2.3.2. BAPO

The acronym BAPO stands for the four aspects of SPL development, namely Business,
Architecture, Process and Organization. This Acronym was first introduced by Henk
Obbink from Philips Research. These aspects are described as[15]:

e Business: the way the end products make profit
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e Architecture: the technology required to build the system
e Process: responsibilities and dependencies of the software development
e Organization: the organization in which the software is developed

These four concerns are actually interdependent rather than orthogonal. Improvements
in one, generally leads to improvements in others, too. For example, if your
architecture, processes and organization is good, also having a good business value
seems quite reasonable. As an opposite example, it would be surprising to have a good
business value with bad software architecture, organization and processes.

2.4. SPL Maturity

Researches in the field of SPL field are done to add value to what is being done. It is
not only the case for software but the same actually goes for almost everything. It is
desired to make improvements at what is done and how it is done. Eventually, the
motivation behind all these is to compete better in the market. Surely there are
perfectionist reasons in engineering to be better and get satisfied from what you do.
Nevertheless, these are funded by companies to add business value to themselves. And
when an improvement is introduced, the results are desired to be assessed. With each
improvement, the benefits are investigated. This is the way to learn how good you are
practicing at something. This leads to the concept of maturity. With the concept of
maturity levels, one can assess how well these introduced improvements are utilized.

2.4.1. Staged and Continuous Representations

There are two possible maturity representations in maturity modelling, continuous and
staged. In this study, the main focus is on the staged model. Maturity evaluation of an
aspect includes several sub-dimensions. Staged model provides a single summarized
rating for all the related aspects in the assessment.

In continuous model, it is possible to address more value to a dimension over the
others. This allows the organizations to focus on the areas where they see more risk, if
required. With the standardization of the evaluation, it is possible to compare different
departments and companies dimension-wise. Whereas in staged model, it is a chain of
improvements starting from the basics and progressing through levels of maturity.
Each level serves as the baseline of the upcoming level. This model also allows the
comparison between units through standardized methods, but this is more of an overall
comparison rather than dimension-wise. Thanks to this standardized evaluation
method, it is possible to see where you are headed among others[16].

2.4.2. Presented SPL Maturity Models in Literature
2.4.2.1. SEI SPL Practice Framework

The four main purposes of the framework are[17]:
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e Identification of the concepts and core activities prior to the evolution of the
SPL

e Identification of the practice areas that needs to be specialized

e Identification of activities for the practice areas

e Providing guidance for the utilization the SPL approach

Framework defines three essential activities; core asset development, product
development and management for the development of the SPLs. Framework describes
29 practice areas under 3 categories. These categories are organization management,
technical management, software engineering. Each practice area is addressed in detail
including aspects like example practices and practice risks. Their relations with the
essential activities are also given.

This framework provides a strong guidance for the utilization and improvement of the
product lines. However this framework does not provide an assessment methodology
or give maturity values to the practices. Although this framework does not give an
explicit idea about the maturity, it is important to understand it to be able to come up
with a maturity model, since it provides a quite detailed and structured guidance about
the topic.

2.4.2.2. PuLSE

Product Line Software Engineering, PuLSE, is an overall SPL framework[18]. The
framework suggests a bottom up methodology and is like a user manual, from the
initialization and deployment to evolution and evaluation. The framework is based on
three pillars; deployment phases, technical components and support components.
Figure 5 visualizes the overview of PuLSE framework.
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Figure 5 PuLSE Overview|[18]

The deployment phases element explains four activities; initialization, infrastructure
construction, infrastructure usage, evolution and management. The steps to follow for
the utilization of SPLs are explained in this element. These are the phases gone through
during the deployment of the product line suggested by the methodology. Technical
components construct the technical know-how that is necessary to realize the phases
of the deployment. These components are; customizing, scoping, modeling,
architecting, instantiating and evolving and management. The support components
provide guideline throughout the lifecycle of the SPL. These components are project
entry points, maturity scale and organization issues. Each of these components are
investigated and explained in detail by the framework.

The framework provides a PuLSE specific maturity evaluation method. This method
points out where the framework employer stands though the utilization. Four different
maturity levels are defined by the framework. These are initial, full, controlled and
optimizing, each implying how further is gone during the utilization of the PuLSE.
The assessment provides a good insight while utilizing PuLSE but does not claim to
be a generic SPL maturity assessment methodology.

2.4.2.3. Maturity and Evolution in SPLs

Bosch presents five maturity levels in this presented model[19]. The initial level is
independent products which actually represents the absence of any kind of maturity or
a SPL approach. The second level is the standardized infrastructure. This level also
does not actually represent the presence of a SPL but evaluates the signs of it. This is
described as the first step while evolving into a mature product line. Commonly in this
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level, there are some typical components on top of an operating system. Third party
software can also be present which is integrated to the framework via some glue code.
Next comes the platform. In the platform level, all the functionality is captured on top
of the standardized infrastructure. Reuse is exploited. The fourth level is SPL. When
the commonality is shared between sufficient components, that functionality belongs
to the shared artefacts and commonly used. Shared artefacts concept comes into the
play with this level. The final level is called configurable product base. There is a
single code base that can be configured for different functionalities. Two other
concepts are also introduced in this paper. These are not maturity levels but rather
different approaches. When the number of products increases derived from the product
line, product population approach is in use. When the number functionality and
features are increased, program of product lines approach is in use. The article presents
how the product line evolves and which maturity levels it passes through, but it does
not actually present a methodology or a guideline about how to assess it.

2.4.2.4. SPLEMM for Small and Medium Sized Organizations

This model[20] seeks to present a methodology to assess the maturity of a SPL in small
and medium sized organizations. The focus is on the companies that have less than
250 employees and less turnover than 50 million euros. Overview, adoption and
process improvement of SPLs are addressed in the article. Two types of elements are
used in the model, process areas and example actions[20]. Example actions serve for
a similar purpose as the informative part of CMMI. A process area can be called as a
maturity area, process area or a sub process area depending on the position of it in the
hierarchical structure. There are four top tier process areas to mature. These are
business, domain engineering, application engineering and collaboration maturity
areas. Four levels of maturity are defined for all the maturity areas. These levels are
called non performed, adaption, sustainable and improving. Maturity areas are divided
into process areas. Process areas are divided into sub process areas and sub process
areas have different example actions implying for different maturity levels. Although
it is not necessarily required for a sub process area to have example actions
representing all four possible maturity levels. This also means that, all sub processes
do not necessarily have at least four example actions. This article presents a valuable
framework for small and medium sized organizations.

2.4.2.5. Family Evaluation Framework

This article[21] presents the BAPO model as a framework to evaluate SPLs. FEF
presents five maturity levels for each aspect of BAPO. The BAPO model is explained
further in detail in the upcoming section.
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2.5. BAPO Aspects of SPL Maturity Evaluation

These four aspects of SPL maturity, BAPO, are all defined in 5 levels of maturity. First
level implying the lowest level of maturity and fifth implying the highest. Each four
aspect have their own evaluation dimensions to assess the maturity of the aspect itself.

2.5.1. Business
2.5.1.1. Dimensions and Practices of the Business Aspect

As illustrated in figure 6, business aspect is divided into three business dimensions and
eight business practices to be evaluated. Each business practice is an assessment area
of a certain dimension. The three business dimensions are Marketing Strategy,
Portfolio Management and Business Planning. Business practices categorized under
the Marketing Strategy are Market Orientation, Relationships Management and Order
of Entry to the Market. Financial Management and Asset Management are the
practices of the Portfolio Management. And lastly, Business Planning dimension
consists of Strategic Planning, Business Vision and Innovation practices[8].

Market Orientation
Marketing Strategy |Relationships Management
Order of Entry to the Market
Financial Management
Asset Management
Strategic Planning

Business Planning Business Vision

Innovation

Portfolio Management

Figure 6 Business Maturity Dimensions and Practices

The first business dimension is the market orientation. Narver and Stanley(1990)
studied with 113 strategic business units to confirm the effect of market orientation on
business profitability and positively associated the market orientation to the business
profitability. They also claim that the key features of market orientation are customer
orientation, competitor orientation and interfunctional coordination[22]. According to
Birk et al market orientation is about the targeted customers, either a specific market
segment or individual customer projects[23]. The relationships management deals
with the relations between all the stakeholders and the company itself. This includes
suppliers, vendors, customers, subcontractors and all other applicable stakeholders.
Customer Relationship Management (CRM) and customer satisfaction is in the core
of all this since it is the customers who pays you for the end product, in the end. Clark
and Fujimoto assert that the key of successful of business managers is addressing the
top priority to the satisfaction of customers as a whole and creating attractive product
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concepts and realizing them through design and production[24]. Markides and Sosa
splits the business strategies into three categories according to the order of the entrance
of the market and sustaining current position[25]

e the business models that pioneers utilizes to benefit the first-mover advantages
(FMAs) due to early entry

¢ the business models that later entrants adopt to compete with the pioneers

e the business models that the pioneers use to respond to these challenges

The second business dimension, portfolio management, is of high importance in
business. Brigham and Houston defines the financial management aims to help
managers maximize their firms’ values[26]. In a study by Cooper et al, they present
the eight key reasons cited by the senior management participated in their study, most
of which are linked to the financial or asset management. These are [27]

e to maximize return and productivity and achieve financial goals

e to sustain their position and increase market share

e to properly and efficiently allocate resources

e to forge the link between the organization’s strategy and projects

e to resource valuable projects rather than trying to do everything with that
limited resource

e to balance the weight of long and short term, high and low risk projects

e to identify the priorities better

e to achieve better project selection and eliminating not worthy ones

The third dimension is the business planning. In a study by Delmar and Shane, where
they study over the benefits of business planning on 223 ventures in Sweden, they
stress the three benefits of business planning. Business planning [28]

e “Facilitates faster and better decision making by identifying missing
information without first requiring the commitment of resources

e Provides tools for managing the supply and demand of resources in a manner
that avoids time-consuming bottlenecks

e Identifies action steps to achieve broader goals in a timely manner”

Companies face many challenges throughout their lifetimes. To overcome these
challenges, there is always a need for some sort of planning, a strategy. However, what
is meant here is not simply giving it a thought on a strategic manner. Strategic planning
is the way to face challenges. The strategic planning is a guideline throughout the why
and how to do what processes. Strategic planning helps managers to successfully
overcome challenges by means of planning and synthesis[29]. Vision states the goal
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that the company is trying to accomplish. Business vision is about the direction of the
company, hence the direction of the scope of the business which results in the scope
of the product line. This roadmap needs to be clearly defined to identify the
expectations from the product line and therefore, release of the products[30]. The
product line is not a static structure, it evolves within its lifecycle. This evolution leads
to innovations in products. Without innovations, a company or a product line cannot
gain a competitive advantage or even stay in the competition. To solidify the statement,
one can look at the example of Apple. Product and business model innovation put
Apple at the center of a market approximately 30 times larger than its original
market[31].

2.5.1.2. Maturity Levels of the Business Aspect

The five levels of business maturity of product lines are defined as[8], [32].

e Reactive: The business reacts upon the situation on an ad hoc basis instead of
actively influencing the SPL engineering

e Awareness: The business is aware of the SPL engineering but not aware of
how to benefit from and utilize it.

e Extrapolate: SPL engineering is utilized to achieve business goals.

e Proactive: SPL engineering and the related business goals are planned and
managed to maximize the.

e Strategic: SPL is a strategic asset to reach the business goals.

The first level is the reactive level. In this level, SPL engineering is not yet a part of
business planning. Strategic planning and business vision does not recognize SPL and
there is no innovation based on SPL engineering. The effects of SPL engineering is
not visible on the portfolio management and marketing strategy. There is no
recognition of it in practices of all three business dimensions. This level can be
considered as the immature stage of business practice in SPL engineering.

In the second level, also called as the awareness level, there is an awareness, as it is in
the name of the maturity level, about the benefits of the SPL engineering for the
business values. However, there is also lack of awareness in the utilization of the right
instruments for it. The business dimensions are trying to be tied with it, but not
accomplished, yet. There might be some feedback mechanisms established to be able
to enable the utilization of SPLs and the creation of a framework. This level can be
considered as the planning stage where the initial steps are taken.

In the third, extrapolate level, the instruments and the framework for the utilization of
SPLs are available. Now, it is becoming a planned activity. Market information is used
to direct the scope of it. SPL engineering is a part of the strategic planning and used as
a parameter in marketing strategy. The effects are getting visible in the asset and
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financial management. It is now a part of the business vision. This level is where the
companies start to enjoy the benefits of SPL engineering.

In the fourth, proactive level, the SPL is a parameter in the financial model. Marketing
feedback is used to identify the opportunities, improve the quality and satisfy the needs
of the customers with the utilization of SPLs. SPL is highly dynamic and the company
is more responsive. The software development lifecycle is shorter and this is visible in
time to market. There is an alignment with the business vision and strategic planning.
There is management support for innovations.

The strategic level is the fifth and the highest business maturity level of the SPLs. In
this level, quantitative feedback mechanisms take over the qualitative feedback
mechanisms. The benefits of product line engineering are visible in the market
competition, which in turn, comes with a financial strength. The company has its place
as a frontier or an early adopter. The role of SPL engineering in business planning is
significant.

2.5.2. Architecture

Software Architecture studies has an older history compared to others. It has always
been in the scope of software developers and researchers. The software architecture
can be defined as the structure or the structures of the system, which comprise software
elements, the externally visible properties of those elements and the relationships
among them[33]. In this study, the focus is on the utilization of architecture on the SPL
development rather than single product development. Perry and Wolf describes the
expected benefits of software architecture as a major discipline in four aspects[34]

e the framework for satisfying requirements

e the underlying technical and managerial bases for design, cost estimation and
process management

e the effective basis for reuse

e the framework for dependency and consistency analysis

2.5.2.1. Dimensions and Practices of the Architecture Aspect

As seen in figure 7, architecture aspect is divided into three dimensions and six
practices to be evaluated. Each practice is an assessment area of a certain dimension.
The three dimensions are Architecture Design, Product Line Management and
Documentation. Practices categorized under the Architecture Design are Domain
Engineering, Requirements Management and Modeling and Architecture Analysis and
Evaluation. Commonality Management and Variability Management are the practices
of the Product Line Management. And lastly, Architecture Artifact Management is the
activity for Documentation[5].
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Figure 7 Architecture Maturity Dimensions and Practices

A lot of researches has been done on architecture design, the first dimension, by a lot
of researchers. As a result, there are a lot of approaches, methodologies and
frameworks suggested about the subject. There are also a lot of focus groups on
architecture design. The designs differ in many ways depending on the goal and the
domain of the studies. In this study, the focus is on SPL architecture. In other words,
the investigation is on the common software architecture of a product family rather
than the architecture of a single product. The goal here is to achieve a generic
framework in the scope of product line engineering independent of the domain. As
mentioned most designs differ in a lot ways, but they are also quite similar in many
ways since the underlying problem is the same as defined by Hofmeister et al(2007);
maintaining intellectual control over the design of software. For all, there is the
involvement of multiple parties as stakeholders. The software is maintained for long
of time. The software is mostly developed by a large group of distributed development
teams which also extend with time. Multiple goals and concerns are addressed where
conflicts are highly seen[35].

Domain engineering has quite a big impact on other SPL engineering activities. The
reasoning is explained by Metzger and Pohl[36]. Domain engineering specifies the
scope of commonalities and variations, thus application engineering activities are
directly defined by the domain engineering activities. Higher commonality results in
lower costs and efforts in product development in SPLs. The SPL needs to be stable
and yet flexible at the same time. The requirements usually comes from multiple
independent sources in companies that utilize SPLs. These requirements commonly
does not fully match with each other but it is the duty of the domain engineering to
exploit the commonalities among those requirements. Since there are multiple parties
that has different requirements for the products, requirement management is a
challenging activity in SPL engineering. Lots of companies utilize tools for the
requirements engineering activities. When there is lack of management and modelling
in the requirements, a lot of redundancies may pop up. These redundancies result in
additional redundant efforts on the product line, inconsistencies between definitions
and they are hard to identify[37]. To achieve a high quality in the resulting products,
a high quality in software needs to be achieved. This is measured thorough architecture
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analysis and evaluation. The evaluation is to analyze the architecture to identify risks
and verify the quality requirements are satisfied[38].

Product line management is the second architecture dimension. Commonalities and
variabilities activities are actually in the scope of domain engineering. However, due
to the importance of the activities, they are investigated separately. They are key
activities of the SPL engineering. Domain engineering is responsible for the scope of
the commonalities and variability points, whereas the application engineering is
responsible for the development of the products by exploiting these commonalities and
defining the variabilities according to the requirements[36]. There has been various
researches and presented models about the topic from various perspectives. Some
presented feature oriented models[39]-[41], some took an architecture centric
approach[42], [43], some had an configuration based approach[44]-[46] some
investigated UML utilization to model variability[47], [48] some focused on the
identification of commonality and variability[49], [50] and some scoped the tool
support for variability management[45], [51], [52]. More detailed reviews like on the
topic are available in the literature[53].

Without proper documentation, it is not quite possible to establish or maintain a
successful SPL. Pohl et. al. state that for the successful product realization from a SPL,
up to date documentation is a prerequisite[54]. Without documentation, reasoning of
the wvariabilities become ambiguous and inconsistencies become difficult to
identify[55]. With the growing code bases, it is not possible to transfer the knowledge
without proper documentation. All this said, it is not enough by itself to document
what is done, but it also needs to be traceable. With the growing code base, the
documentation database also grows and it is highly difficult without a traceable
documentation structure. Requirements, designs, tests and performance analysis need
to be bound to each other to be able to trace the work. This traceability facilitates the
knowledge of where the requirements are implemented[56]. This enables maintaining
the knowledge of how it is tested, whether the quality is assured or not and prevents
redundant work.

2.5.2.2. Maturity Levels of Architecture Aspect
The five levels of architecture maturity of product lines are defined as[8], [32];

e Independent Product Development: Software product are developed
individually at this level, there is no software family engineering but ad hoc
reuse.

e Standardized Infrastructure: The focus at this level is on the standardization
of the SPL infrastructure and architecture.

e Software Platform: The SPL is being used as the basis for product
development.
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e Software Product Family: The product variations are determined by the
family architecture.

e Configurable Product Base: There are defined set of rules and the automatic
selections of the assets are available to develop products by utilizing
configuration management.

In the first level, namely independent product development, the software products are
developed individually. There are no introduced SPL engineering activities. There is
no specific domain or application engineering activities, development activities occur
on an ad hoc basis. The requirements are maintained at individual product level, there
1S no requirements management as in the scope of product families. The SPL is not
formed yet, therefore, architectural activities, commonalities and variabilities do not
exist yet. Documentation is also at the individual product level, if any. The reuse of
any activities or assets are not planned but done on an ad hoc basis, if any.

The second level, standardized infrasturcure, is the early architectural stage of the SPL
engineering. As it is in the name, the first step is to have a standardized infrastructure
for the product development. The benefits are seen and the aim is to utilize it
efficiently. The organizations at this level try to achieve some level of technical know-
how about how to utilize SPL activities. Domain engineering activities are supported.
There are some efforts on requirements management. The evaluation and analysis
techniques are not defined yet. There are deficiencies in the management of
commonalities and variabilities. There are efforts on artifact management but there are
defined sets of documentation rules yet.

The third level is the software platform. At this level a software platform that is the
basis for the developed products exist. There is sufficient knowledge to utilize SPL
and benefit from it. The infrastructure of the SPL is developed. The roles and activities
of domain engineering is defined. The requirements are being managed at the product
line level. The SPL architecture is developed. There interfaces, components, classes
and objects are defined and managed in the scope of product line management. The
architecture analysis and evaluation methods are utilized. Commonalities and
variability points are defined. The documentation of the architecture is available and
traceable.

In the fourt level, software product family, the SPL architecture is fully established.
The scope of the product line is well defined. The related documentation is available.
The variability is managed and controlled among products. The requirements and the
scope of the product line is well aligned. For the evaluation of the architecture,
qualitative methods and metrics are used and the feedback from them are used for the
improvements. The commonalities are being exploited as much as possible and much
of the focus is on the product specific development. Thanks to efforts on requirements
management, product specific and common requirements and development is well
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scoped. At this level, beyond the documentation and traceability, a configuration
management system is also utilized.

The configurable product base is the fifth and the highest level of maturity to be
achieved for the SPL architecture. The product line is the backbone for the business.
There is a collaboration among the organization to manage, maintain and improve the
SPL and its processes. The domain engineering activities and organizational plans are
effected by each other. Requirements are regularly reviewed. The architectural
analysis and evaluation is regular and continuous activity. The organization benefits
from past experiences and SPL knowledge. The architecture is less error prone due to
this effects. The commonalities are maximized and all development activities are
evaluated in the scope of product line engineering. There are established change
management methods to maintain the architecture.

2.5.3. Process

Third BAPO aspect, process is not actually in the scope of this study. The reason is
that the topic is already well studied and there are already widely accepted frameworks
available. Most well-known international standards are known as CMMI of SEI and
SPICE of ISO. The general overview of the aspect will be addressed but it will not be
thoroughly investigated here.

Software process maturity has a longer history than the other aspects in software. It
has been a key research area and the CMM, Capability Maturity Model 1.1, was first
introduced in 1991 by the SEI-CMU, Software Engineering Institute - Carnegie
Mellon University. In the first version, CMM V1.1, it is stated that the CMM presents
sets of recommended practices in a number of key process areas that have been shown
to enhance software-development and maintenance capability (Capability Maturity
Model, Version 1.1). CMM is presented as a guideline to improve the practices
utilized in process areas. In the year 2000, CMM is evolved into CMMI, Capability
Maturity Model Integration. CMMI originates from the study that aims to assess the
quality and the capabilities of the software contractors of U.S. Department of Defense.
Later on, it got widely accepted by the community and became an international
standard for assessing the process maturity of the organizations. In 2012 CMMI
Institute was founded by the CMU and the studies are continued by the CMMI
Institute. CMMI is adopted by more than then thousand organizations located in more
than a hundred countries. The appraisals and certifications are organized and
authorized by the CMMI Institute. The Standard CMMI Appraisal Method for Process
Improvement assessments, SCAMPI in short, are conducted by the assessors certified
by the CMMI Institute.

Besides CMMLI, there is another widely used model for the process maturity, SPICE,
Software Process Improvement and Capability Determination. This is the model
presented by the common efforts of ISO and IEC, International Organization for
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Standardization and International Electrotechnical Commission. The first maturity
family was presented under the ISO/IEC 15504-X family in 1998. Later in 2015, the
standards were revised by ISO/IEC 33xxx family and these standards are being used
since then. There are still some ISO/IEC 15504 standards that are being actively used
but all these are also being revised into ISO/IEC 33xxx family. Unlike CMMI Institute,
ISO develop and set the standards but do not take part in the certification, this is done
by external certification bodies.

Unlike the other BAPO aspects there are widely accepted and utilized common
frameworks for the process capability maturity evaluation. Therefore, this aspect is not
in the scope of the study but rather a guideline to assess the maturity of the other
aspects. CMMI and ISO/IEC 330xx family process maturity models are based on
extensive technical knowledge and experience. This is what is being tried to achieve
in the other aspects as well, through various investigations and case studies.

2.5.4. Organization

It would be fair to say the other three aspects of SPL engineering were studied more
by the researchers. As also stated by Jan Bosch, during their studies most of the
researches assumed the organizational structure is by the book, several domain
engineering units on top of a domain engineering unit[57]. This, of course does not
mean that the assumed model was insufficient or ineffective, but rather this was not
the case for all the companies

Researchers studied how to utilize SPLs, developed processes and models,
investigated the profit of it. However, organizational structures and their relation with
the success of SPLs did not take interest as much as others. This might not be that
surprising, though. In a simple manner of thinking, first, one needs to understand what
to do, which is the technical part, the architectural aspect. Then it is necessary to be
better at how you do it, may be some set rules or some sort of guidelines, which
corresponds to the processes. All of this is for profit, of course. How you align the
technique with the business highly matters to maximize the benefits and profit. This
relates to the business aspect. Then comes how you adapt your organization to all
these. In smaller organization there is a possibility of organizational aspect being more
disregarded. To illustrate, it would not be surprising if a company with ten developers
do not care about their organizational structure while utilizing SPL approach. Of
course some practices are still in the scope like organizational commitment and
learning about the SPL approach. Some like the organizational communication and
conflict management are also easy to handle since there are too few developers.
However this cannot be the case for larger companies. Today, there are companies
with thousands of employees scattered all around the world. Developers might even
be in quite different time zones. At this point, how you manage and structure it as an
organization is highly crucial.
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2.54.1. Dimensions and Practices of the Organization Aspect

Organization aspect of the BAPO model is divided into two dimensions and seven
business practices as visualized in figure 8. Each organizational practice is an
assessment area of a certain organization dimension. The organization dimensions are
organizational behavior and organizational management. Organizational culture,
organizational commitment and organizational learning are practices investigated
under the organizational behavior dimension. The practices that are investigated under
the organizational management are organizational structure, change management,
conflict management and organizational communication[9].

Organizational culture
Organizational Behaviour |Organizational commitment

Organizational learning
Organizational structure
Change management

Conflict management
Organizational communication

Organizational management

Figure 8 Organizational Maturity Dimensions and Practices

Organizational behavior is the first organizational dimension and consists of three
practices. Organizational culture is quite an important factor for the success of SPL
utilization. One reason for that is, in some conditions, it can easily lead to the failure
of the SPL approach. It actually is so crucial that, it may even end the journey before
it starts. Bosch gives a real life example for that. In a company whose name remains
to be anonymous, although the teams were quite experienced with the object oriented
frameworks and extensive reuse, the management faced with a resistance when they
tried to implement product line approach within their software. The resistance was
actually so hard that the attempt was unsuccessful and it got cancelled. The reason was
actually the organizational culture. The teams had to sacrifice their lead architects for
the task and it might have led to delays in the projects. This resulted in the resistance
and the initiative got cancelled[58].

Such migrations also require employee commitment to be realized. Koziolek et al.
explains that it is quite difficult to implement SPLs in dynamic business areas, since it
does not promise immediate benefits. Therefore, such implementations require long
term commitments to be successful[59]. Without proper commitment for the
implementation of the SPL, it is highly probable that the attempt fill fail. In the
successful cases, the transition time is dependent on the success of the organizational
learning. How knowledgeable is the organization about the SPLs in various aspects?
The better they are, the higher are the chances for a successful implementation.
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Levitt and March make remarks on the three sides of organizational learning; learning
from direct experience, learning from the experience of others, developing conceptual
frameworks and paradigms based on these experiences[60]. In the case of SPLs, as
well, the aim is to use this process of learning and experience for building and
continuously improving owned product line framework. Nevertheless, the term
organizational here, should not be taken wrongly. It is not actually a completely
separate concept from individual learning. Organizational learning is achieved through
the individual learning as well. A distinction point is, organizational learning is
independent from the learning of a specific individual, while it is not independent from
the learning of all individual employees[61].

The other organizational dimension, organizational management, has four practices.
Organizational structure can be defined as the formal allocation of the roles,
responsibilities and the managerial mechanisms to control the work activities and
integrate them including also the cross formal organization boundaries[62]. For a
successful implementation of the SPLs, organizational structure should be aligned with
the purpose. To illustrate in the simplest way, it is not possible to maintain and
construct a successful SPL for a complex environment if the development teams act
independently from each other. To resolve this, the roles and responsibilities of the
organizational units should be clearly identified and followed. When the roles and
responsibilities are defined, that leads to a controlled independence among various
units. Organizational structure is a key factor to achieve organizational effectiveness.
Customers, marketers, asset and application development teams and managers are the
key players of the organizational structure[63].

During the transition period towards a SPL approach, urgency and vision of
organizational change management 1is very important. Also after the
institutionalization, it is required to improve it continuously[64]. Therefore,
organizational change management plays an important role. During the process, it is
also necessary to tackle the legacy tacit knowledge with related organizational change
processes[65]. Without being dealt with properly, these all may slow the process.
While managing the organizational change, communication with the employees is a
key factor to success. Every employee needs to have an understanding of the strategy,
benefits and goals so that they can be achieved[66].

Conflicts are always part of the job and they are not always bad. Although mostly, the
lower the conflicts happen, the better the situation is. The reason they are not all bad
are, they can help the employees to have gain an understanding on the subject and
improve it. Surely it is important that the conflicts are managed so that the possible
negative impacts on efficiency are reduced. While teams with high conflict
management skill can work productively, teams that do not have the skills may get
demoralized and ineffective[67]. Conflicts are not needed to be reduced, eliminated or
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suppressed necessarily but they need to be managed instead, to achieve higher
efficiency[68].

Organizational communication is a valued aspect by most organizations. Like this
method, agile methodologies also highly values communication. The reason is, when
done properly, it is capable of speeding up the processes and allow new ideas to hatch.
In a sense, communication is the method for transferring, processing and storing the
system or environmental data, where the organizations are the information processing
systems[69].

2.5.4.2. Maturity Levels of Organization Aspect
The five levels of architecture maturity of product lines are defined as[9];

e Preliminary: There is no evidence of organizational acknowledgement of
SPLs. As in the name, this is the preliminary stage for the organizational
maturity.

o Consistent: At this level 2 of the maturity, there is an effort for the migration
to SPLs from single product development by introducing organizational
changes.

e Streamlined: The organization is committed to the SPL concept.

e Matured: Organizational strategies are aligned with SPL approach strategy.

e Institutionalized: SPL is a strategic core asset for the organization and a vital
tool to achieve business objectives.

In the first preliminary level, there is no evidence that SPL approach is a value or
objective for the organization. There is no sign of effort for the migration from single
product development to SPLs as an organization. There are no guidelines, processes
or procedures related to the approach. Due all these reasons, there is no organizational
commitment, culture, structure or management activities related to the product line
approach.

The second level is the consistent level. At this level, there are efforts or a vision to for
the establishment of the SPL approach. There is an awareness related to the potential
benefits and new ideas for change are supported and valued. There is managerial
support to the employees for the utilization of the approach. There is a commitment
for the migration from single product development to SPL approach. The knowledge
is tried to be shared among employees and there may be assistance in the means of
workshops or trainings. Structural changes are also evident for the utilization of the
approach. The change in the organization is merely structured but rather ad hoc.

In the third level, the streamlined level, the organization has established a SPL
approach. There are set of rules, guidelines and procedures defined regarding the
approach. There is also employee commitment for the vision and the goals of the
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organization. The required knowledge is acquired by the employees and this
knowledge is in use. The experience and the acquired knowledge enables the
improvements. SPL concepts are a part of the organizational culture. The organization
structure supports the SPLs and application and domain engineering activities have
their places in the organizational structure. The information is shared among
employees and learning process also continues for further improvements.

The fourth level is called the matured level. The organizational is able to align is
strategies with the established SPL framework. There is commitment to the
maintenance and improvement of the product lines. The benefits are exploited.
Defined roles and procedures keeps the conflict at a healthy rate. SPL is aligned with
the organizational goals and objectives and it is enabler for their realization. It is a
recognized asset rather than an objective at this level. Employees are confident about
the benefits.

In the institutionalized, fifth, maturity level, SPL is a key core asset to realize the
business objectives. It plays a major role in the company vision. Management values
the benefits of the approach and therefore employee feedback for better optimization
of the processes. There is constant support the optimization of the process and
improvements. There is commitment to continuous learning and innovations. Conflicts
at this level are rather solved easily since there is mutual trust among employees and
between employees and management. Conflicts are more likely to end up in
improvement ideas rather than problems in efficiency.

2.6. CMMI

CMMI is actually a generic software development process capability maturity model
rather than an overall SPL maturity evaluation framework. However, this model has a
big impact on maturity evaluation studies, hence it is quite useful to mention it.
Capability Maturity Model Integration (CMMI) was developed by Software
Engineering Institute (SEI) of Carnegie Mellon University (CMU). Since the
introduction of the model, SEI maintains the framework and delegates for the appraisal
of it. The Standard CMMI Appraisal Method for Process Improvement (SCAMPI)
assessments are conducted by the SEI certified assessors.

CMMI-v1.1 consists of 22 process areas grouped under 4 categories. These four
categories are; Process Management, Project Management, Engineering and Support.
Each process area consists of specific and generic goals to be satisfied. These are the
required components of the CMMI. There are also defined specific and generic
practices organized under those goals, respectively. These are the expected
components of the CMMI. CMMI also defines sub practices, generic practice
elaborations and typical work conducts beneath the generic and specific practices.
These are the informative components of the CMMI. Nevertheless, the focus is
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actually on the “what” part rather than the “how” part. The informative components
are just presented as a guideline and are not part of the evaluation method.

CMMI provides six different maturity levels for the continuous representation, the first
actually implying the absence of any kind of maturity. The six levels are; Incomplete,
Performed, Managed, Defined, Quantitatively Managed and Optimizing, in ascending
order. In the staged representation, there are five maturity levels. These are Initial,
Managed, Defined, Quantitatively Managed and Optimizing in the ascending order.
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Figure 9 CMMI Structure
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Although it is a widely accepted maturity model, this model is not sufficient for the
evaluation of the maturity of a SPL as a whole. CMMI is a generic model for the
evaluation of software process maturity. Nevertheless, the presented model will use
CMMI as is, for the evaluation of the process aspect of SPLs.

2.7. Software Process Improvement and Capability Determination Model

Software Process Improvement and Capability dEtermination Model (SPICE) also
known as ISO/IEC TR 15504 standard establishes a structured assessment framework
for the software development processes and related business management functions.
It enables process assessment and determination of process capabilities. While
providing a process capability rating which denotes the current state of the process, it
also provides a basis for process improvement. ISO/IEC TR 15504 Part-5 is an
informative part which gives a thorough explanation of the structure of the process
assessment model. It includes purpose, outcomes, base practices and work products
for the software development processes. The purpose explains the high level objective
of the process. Outcomes are the achievements of successful implementation of the
processes and base practices are the enablers of the successful implementation.
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SPICE has two dimensions, one is the capability dimension and the other one is the
process dimension. Capability dimension has 6 capability levels ranging from
“Incomplete” level to “Optimizing” for each process. Capability of each process is
independently measured as shown in the figure below. Each level is characterized by
Process Attributes (PAs). Meanwhile, the process dimension consists of processes
defined in conformance with ISO/IEC 12207- "Systems and software engineering --
Software life cycle processes".

The PAs are applicable to all processes. Each PA of each capability level describes a
specific characteristic of process capability. The achievement levels of the PAs are
based on a defined rating scale. Process capability levels of the process are identified
by the achievement status of defined grouping of PAs.
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. o | g 1SOlEC
4 Level 5: Optimizing (2 attributes) = 15504-2
4 Level 4 : Predictable (2 attributes) ISO/IEC
12207 AMD1 & AMD2
< Level 3 : Established (2 attributes) =
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< Level 1 : Performed (1 attribute) Process Reference
vel 0 : Incomplete Model (PRM)

\\\
PROCESS
0 izati 1 \ﬁ\ / Dimension
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processes
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Figure 10 SPICE/ ISO/IEC 15504 Structure
. Level 5 (Optimizing): The process performance is optimized in a continuous
fashion to meet current and future business goals.
0 Process Attribute 5.1 Process innovation
0 Process Attribute 5.2 Continuous optimization
. Level 4 (Predictable): The process is performed consistently and operates

within defined control limits. Quantitative measures and objectives are established for
the quality of work products.

0 Process Attribute 4.1 Process measurement
0 Process Attribute 4.2 Process control

. Level 3 (Established): The process is managed and performed in a defined way.
0 Process Attribute 3.1 Process definition
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0 Process Attribute 3.2 Process deployment

. Level 2 (Managed): The performance and the work products of the process is
managed.

0 Process Attribute 2.1 Performance management

0 Process Attribute 2.2 Work product management
. Level 1 (Performed): BPs of the process are performed to achieve the process
purpose.

0 Process Attribute 1.1 Process performance
. Level 0 (Incomplete): The process fails to achieve the purpose and the
outcomes.

Process capabilities are determined by the assessments of process attributes. Process
attributes have indicators to support their existence and level of achievement. For the
process attribute of the first capability level, each process has its own base practices
and work products. On the other hand, these are generic for the higher levels of
capability and they are identified as generic practices and generic work products.

The achievement of a process attribute is measured in terms of percentage values:

e N.A. (not achieved): 0 — 15%: There is little to no evidence for the process
attribute achievement.

e P.A. (partially achieved): 16 — 50%: There is some evidence for the process
attribute achievement but it is insufficient to provide the desired results.

e L.A. (largely achieved): 51 —85%: The PA is achieved and provides the desired
results but it is also apparent that there is still room for improvement.

e F.A. (fully achieved): 86 — 100%: All the requirements of the process attribute
is fulfilled and there are no shortcomings.

A process is measured to be at a certain capability level if it fully or largely achieves
the process attribute(s) of that level and fully achieves all the process attribute(s) of
the lower levels.

2.7.1. Reasoning for the Selection of SPICE as a Basis Model

SPICE model is widely accepted and adopted model that is developed by the
International Organization for Standardization and International Electrotechnical
Commission. It has a well-defined structure that is adoptable to address the needs of
various fields.
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CHAPTER III

THE INITIAL MODEL OF MODIFIED BAPO

This part explains the initial model used to assess the SPL maturity. The first model is
an improved version of the previous studies based on the BAPO framework [5], [8],
[9]. After the further investigations of the literature and the case studies, this model is
proven to be somewhat insufficient. With the realization of a need for a more holistic
and reliable framework, the second model given in Chapter 4 is constructed and
presented.

3.1. The Structure of the Assessment Methodology

As already explained in section 2.5 in detail, the structure consists of four aspects and
4 maturity levels for each of the aspects. The result of the assessment is not a single
value for all the aspects. Instead, each aspect is rated individually and there are four
resulting values in the end. Both studies that are also utilized here actually provides 5
maturity levels. However, 4 levels are utilized here. This is because the first levels do
not actually provide any insight about the maturity concept. They represent the lack of
any kind of maturity in that area. Thus, there is no use in presenting them as a maturity
level. If none of the four levels are achieved, these names can still be used to imply the
lack of maturity as level 0. The high leaves structure is presented in table 1 and the
details of the dimensions are presented in tables 2,3, 4 and 5.

Table 1 High Level Structure of the Assessment Model

BUSINESS | ARCHITECTURE | PROCESS ORGANIZATION

LEVEL 0 | Reactive Independent Product | Initial Unit Oriented
Development

LEVEL 1 | Aware Standardized Managed Business Lines
Infrastructure Oriented

LEVEL 2 | Extrapolate | Software Platform Defined Business

Group/Division

LEVEL 3 | Proactive Software ~ Product | Quantitatively | Inter
Family Managed Division/Companies

LEVEL 4 | Strategic Configurable Optimizing Open Business
Product Base
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Each maturity area is then divided into dimensions. These dimensions indicate the
areas that needs to be matured and evolved. Each dimension has different practices
and activities to be fulfilled in each maturity level. Process maturity area is out of the
scope of the study as mentioned in the earlier chapters. The dimension grouping is the
same as in the studies of Ahmed and Capretz [5], [8], [9].

Table 2 Maturity Area Dimensions

BUSINESS ARCHITECTURE ORGANIZATION

Marketing strategy Architecture Design Organizational behavior

Portfolio management Product Line | Organizational
Management management

Business planning Documentation

Then, the dimensions are divided into practices. Each practice consists of different
activities for each maturity level. Practices define the activities to be done to achieve
a certain maturity level.

Table 3 Business Practices

Marketing Strategy Portfolio Management Business Planning
Market Orientation Financial Management Strategic Planning
Relationships Asset Management Business Vision
Management

Order of Entry to the Innovation

Market

Table 4 Architecture Practices

Architecture Design Product Line Management | Documentation
Domain Engineering Commonality Management | Documentation
Requirements Management | Variability Management
and modeling

Architecture Analysis and
Evaluation

Almost all dimensions have two or more practices. There is an exception though. In
architecture maturity area, documentation dimension does not have multiple practices.
Therefore, it serves as both dimensions and practices.

Table 5 Organization Practices

Organizational Behavior

Organizational Management

Organizational Culture

Organizational Structure

Organizational Commitment

Change Management
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Organizational Learning Conflict Management
Organizational Communication

The activities are grouped under practices for each level of the maturity. There are
different activities for each maturity level under each practice. Each activity defines
the sufficiency for the corresponding maturity level. If a certain percentage of the
activities are performed in the same maturity level, the SPL under assessment is said
to be sufficient to be on that maturity level on that maturity area. The highest maturity
level that is ensured by the SPL with the aforementioned criteria is the maturity level
of that SPL.

The overall structure of the model can be thought as a 4 by 4 matrix, rows being
maturity levels and columns being maturity areas. Each element of the matrix is a tree
structure, top node of the tree being the corresponding maturity area. The nodes spread
as maturity areas, dimensions, practices and activities. Activities are the leaves. The
depths of the trees are 4.

3.1.1. The Assessment Framework of the Model of Modified BAPO

The maturity scale consists of 4 levels 1 being the lowest and 4 being the highest. It is
important to note that even level 1 implies some level of capability in that area. If no
capability is found at all after the application of the model, no maturity, and hence no
maturity level can be addressed to the assessed structure.

In the previously applied methods, 5 point scale is used but the outcome is actually
almost binary. When the activities that are not applicable are removed from the
evaluation metrics, the result is either pass or fail. The top two points means pass and
the remaining means fail. Therefore, opting for the value 3 or 4 does not bring much
value to the study. In this study, the aim is to present the model as simple as possible
without losing any valuable data. Since, for each activity, 4 point likert scale is applied.
As mentioned, 3 point scale, one of the points being not applicable, is still sufficient
for the assessment, but there is a reason for adding the third point. It may not affect the
result directly, but it provides insight about how to proceed to achieve that level.

The 4 options are sufficiently performed, performed but insufficient, not performed at
all and not applicable. While calculating the capability for a maturity level, both
performed but insufficient and not performed at all means fail. The concept here can
be explained with the static and kinetic friction analogy. Moving a static object
requires more effort than a kinetic object. When the object starts moving, it gets easier
to push it. A similar concept is also present here. If an activity is not performed at all,
it requires planning and a roadmap to perform it. On the other hand, in the performed
but not sufficient case, it generally means keep following and improving the plan to
achieve further success. Initiation phase requires more effort and focus. All in all, this
distinction provides the implementers some sort of insight about how to proceed.
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All this being said, it does not fully mean that number of points in the scale should not
be increased. Initially, just to see the results, this study was also applied with a 10 point
likert scale. It is observed that this can also be a useful addition as a future work. If the
model is extended to provide examples about how to improve in these activities, this
can also be a valuable feature. Nevertheless, this is not in the scope of our study for
now.

To satisfy a maturity level in a maturity area, same criteria for thresholds are applied
as in the base models[5], [8], [9]. To claim a maturity level, 80 percent of the activities
of that level should be performed sufficiently. The highest level that is claimed is the
actual maturity level of the SPL under assessment. While calculating the required
number of sufficiently performed activities, number of activities that are not applicable
are subtracted from the total number of activities, if any. To illustrate, if there are 25
activities to achieve some maturity level in a maturity area, 20 of the activities should
be sufficiently performed. However, if 5 of these activities are not applicable, then the
total number of activities to be performed becomes 20. This will result in the required
number of sufficiently performed activities to drop to 16. If the percentage number is
not an integer, the number is floored.

In the study of Ahmed and Capretz[5], while assessing the architecture maturity area,
variability management has its own pass criteria in addition to the overall score. This
rule is not applied in this study. It is seen that all the practices are somehow dependent.
Although some practices may seem to have more impact on the maturity of a product
line, this distinction is not necessarily required. Practices do not consist of large
numbers of activities, therefore, putting such an additional threshold does not seem
necessarily required.

For the assessment of the questionnaires, inter rater agreement and reliability
calculation methods are often utilized. However, in our case, it is not possible to
achieve meaningful results as a standalone study. Moreover, Kendall’s coefficient of
concordance is not a very suitable pick for this study since we do not apply rankings
between options but rather apply a likert scale. Cohen’s kappa is also not fitting since
we have multiple judges. This is a drawback. Nevertheless, this model is an extension
of the previous BAPO model and those values are already calculated for the previously
presented models. There is another reason for why this is not evaluated as a critical
threat to the study. When the model itself is mature enough, the assessments need to
have a SCAMPI like model as in CMMI. Rather than the respondent dependent
assessments, proof based assessments should be applied. The results should not depend
on the perception of participants on the implementations of activities. These should be
evaluated with solid proofs about activities in the end. However, it is beyond the scope
of this study and regarded as a future work for now
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3.2. Practices and Activities of the Study

In this section, the focus is mostly on the modifications and improvements suggested
on the model. There are several omitted and added activities for different maturity
levels in different maturity areas.

3.2.1. Modifications of Business Maturity Area

In business maturity area, 4 activities are removed from the base model[8] according
to the literature research and participant feedbacks. All the omitted activities belong to
the financial management area. The omissions are done on the maturity levels 1, 2 and
3. Omitted ones from the financial management practice within the business maturity
area are [8];

e “The organization is able to maintain its debt.
e There is no change in the net profit margin during the last two years.
e The organization is able to reduce its debt.

® The net profits margin increase over a period of time.”

First two activities omitted are from maturity level 1, third activity is from level 2 and
the last activity is from level 3. These are normally good implications in the sense that
the business is mature. However, in the scope of the SPLs, these are too general. It is
true that when done right, product lining engineering approach claims to increase
efficiency, reduce costs and increase return on investment. However, it is almost
always not the case that a company utilizes a single SPL for its all revenue. There
might be several product families and therefore several SPLs, which disallows us to
evaluate a single product line based on the revenue, debt and profit of the company.
Even in a huge amount of cases, the end product is not even a software application.
Nevertheless, SPL engineering is an essential part of it. Therefore, there are
tremendous amount of other effects on the debt and profit of the company. In the
presented evaluation model, it is required to evaluate direct relations to the SPL
engineering in the activities. So, in this study these activities are omitted and some of
them are replaced with activities which narrows down the scope to the SPLs.

Besides the omitted ones, there are also 5 added activities. Two of these activities are
to replace the omitted ones from financial management in maturity levels 1 and 3.
Correspondingly, these are;

e There is a neutral or positive trend in the net profit margin related to product
line engineering activities during the last two years.
e The net profits margin related to SPL activities increase over a period of time.

33



Two activities are added for market orientation practice, one in level 2 and one in level
3. Correspondingly, these are;

e A brand name strategy in alignment with the SPL and family is utilized.
e Benefits of SPL approach like high quality, usability and variability for lower
costs are promoted as a marketing strategy to gain competitive advantage.

Lastly, there is one more addition in the maturity level 3 activities for the relationships
management practice. This is;

e Customer support teams provides service to different products in the family
rather than a single product.

Financial management activities are narrowed down to the scope of SPLs. What is
desired to assess here is the maturity of the business in the scope of SPL approach.
Hence, this was a required modification.

Two activities are added in the market orientation. The first one is for maturity level 2
and the second one is for maturity level 3. As mentioned by Saarlo [20], these are
important activities to exploit the benefits of product line approach in the business.
There are numerous studies on the brand name strategies and brand equity. Companies
try to utilize the benefits of it in every business area. In a study by Cobb-
Walgren et al., based on their findings they stated that brand equity increases a
customer’s intentions of buying the product [70]. In 90s, brand equity was a hot topic
on the research list of the Marketing Science Institute. This also had an effect on the
increase of studies on brand equity since then. Utilizing product line approach offers
the flexibility on products for lower costs. Not all the customers desire the same end
product. Each may have their requests based on their needs. This requires
modifications on the product. When possible, it is often easier to provide these in
software instead of hardware. This also has its costs, but SPL approach provides the
companies the benefit of offering these at a lower cost. As in the name of the highest
level of architectural maturity, a configurable product base is desired to achieve. This
means you can provide variety of functionalities to your customer by configuration
management. This is a powerful tool for the business to gain competitive advantage in
the market.

One addition to the relationships management is also available in the modified study.
When a customer buys a product, it is necessary to provide them with maintenance and
support activities. Consider buying a car. The car requires routine maintenance, repair
services and spare parts when necessary. You, as the owner, want this process to be as
quick as possible and expect a certain quality level. When a spare part is needed,
mostly it is already available in the storage of the service provider. Imagine there was
no commonality between different models, would it still be possible for the service
providers to store such variety of spare parts. The analogy is applicable here as well.
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When a problem occurs, customer support teams as in the automotive, help customers.
Thanks to these commonalities, it is possible for a support employee to provide service
to a variety of products. This enables companies to provide better and faster support at
lower costs. The occupancy and efficiency of a customer support employee increases
since it offers services to a variety of products. To illustrate, instead of having 10
employees for 10 products, one can provide the same services with 5 employees. In
the first case, if an employee needs to attend to different customers for the same fix,
one of the customers need to wait. And when there are no issues to fix, the employee
becomes idle. However, in the second scenario, idle time is reduced since employees
can support various products. Waiting time is reduced for the customers, employee
efficiency is increased and costs are reduced all thanks to product line approach and
commonalities among products.

3.2.2. Modifications of Architecture Maturity Area

In architecture maturity area, 6 activities are added in total. These are all related to
software testing activities. In the architecture maturity evaluation, testing is never
mentioned in the base models. Testing is the assurance of quality and functionality.
The concepts like test driven development and continuous integration are gaining
popularity. There are definite reasons for this as well. It is not possible to overlook the
necessity of testing activities in the assessment of the maturity of SPLs. The testing
approach should also evolve in alignment with the evolution of the SPL itself. There
are a lot of studies done on the software testing area. Mostly, Test Maturity Model
Integration, TMMI, is used as a source since it covers the aspects as an overall
framework [71]. The extended activities for the first maturity level are;

e The test assets are tried to be reused wherever possible. (Commonality
Management)

e The organization is making an effort to acquire technical knowledge and
performing test analysis to understand the managing of SPLA test
requirements. (Requirements Management And Modeling)

In the second level of the architecture maturity area, 2 additional activities are defined.
These are;

e The testing requirements of the SPL are clearly defined, stated, and
documented. (Domain Engineering)

e Reuse and commonality is exploited and it is possible to test common parts
early in domain testing process. (Commonality Management)

The activity of the third maturity level is;

e The test software architecture is integrated with the product line software
architecture. (Architecture Artifact Management)
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Finally, the fourth level also consists of 1additional activity which is;
e Testing tasks are automated. (Architecture Analysis and Evaluation)

For the first level of maturity, one activity is added to the commonality management
practice and one activity is added to the requirement management and modeling
practice. While exploiting commonality in the production code, it also becomes
possible to exploit commonality in the test code. This is actually the initiating logic of
the whole concept. Same mindset should be applied wherever possible. This will surely
result in time efficiency and higher quality. Without utilizing the benefits of SPL
engineering in test code, it does not make much sense to claim having a mature SPL.
To achieve this, the organization should try to acquire the technical know-how. This
activity is mentioned for the generic concept of product line engineering but testing is
usually skipped initially. This causes the test framework to lag behind. The earlier this
is realized, the sooner the benefits can be realized.

In the second maturity level of the architecture maturity area, an additional activity is
presented both in domain engineering and commonality management practices. In
TMMI [71] framework, it is expected to have the testing lifecycle and development
lifecycle integrated. In each phase of the development, there is a counterpart testing
phase. It is necessary in SPLs to involve testing early in development lifecycle. The
earlier testing is involved, the sooner defects can be found and fixed. This, of course,
results in reduction of costs as well. Although the lifecycle integration is mainly the
concern of process area, there are architectural counterparts for it. One of these
counterparts is the domain engineering activity added for the second level of maturity.
It is also a good idea to involve testing early in the requirements phase. The exploiting
of commonality in the test code is a key to achieve this. This will be the grounds where
the testing framework and testing architecture evolves. Another benefit with this
activity is the prevention of redoes. Development is not the only part benefiting from
the SPLs, testing benefits is as well. When common parts are tested early in the domain
area development, different applications on top these layers benefit this. This is called
as commonality reuse strategy, or CRS by abbreviation.

In the third level of architecture maturity, testing practice is extended with a single
activity. This is the second counterpart of the lifecycle integration mentioned earlier
in this section. At this level, it is expected to have the test architecture integrated with
the product code architecture. This will be the enabler of automation of testing
activities. With the binding of the architectures, the structure, process and test way of
working will be more visible. This also greatly helps the junior developers. The
frameworks have their own standards, rules and guidelines. This reduces reworks and
increases the efficiency of review and testing processes.

Testing practice is extended with also a single activity in the highest maturity level. It
is expected to automate the test cases as much as possible in this level. Automation of
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regression tests, unit tests and other test material increases the efficiency. Expected
integration of the stable architectures allow the automation of test cases. This still does
not mean there are no changes but with the modification of the production code, test
code is also modified where necessary. Automated test scenarios fasten the regression
tests. Periodically running test cases can control the risks more frequently. With the
statistical management of these tests, the SPL becomes more stable and the results get
more predictable.

3.2.3. Modifications of Organization Maturity Area

In the organization maturity area, there are two modifications in the second level of
maturity. These are the organizational counterparts of the testing practice in the
architecture maturity area. One activity in the organizational learning practice is
modified to stress the SPL testing trainings and the one activity is added to the
organizational structure practice. The activity modified was;

e “Necessary training for SPL engineering is provided to employees”[9].
This is rephrased as

e Necessary training for SPL engineering, including SPL testing, is provided to
employees.

e The organization has established testing career paths with well-defined
responsibilities.

In the organizational structure in the second level of maturity, alongside with the roles
and responsibilities of domain and application engineering areas, software test
engineering roles and responsibilities should also be defined. As this can be achieved
in the form of software test specialists or software test architects, it is also profitable
to have a test group in the organization. These specialists or the testing group should
also involve in the management of improvements in the test activities. Without the
career paths, there will be impediments in the management of SPL testing. Hence, the
reason in the modified activity to stress the SPL testing is not to let it be disregarded.
To have a vision in how to evolve SPL testing assets, it is important to have the
employees aligned. It is important they share the same vision to achieve the business
goals. Testing activities are expected to evolve together with the evolution of the SPL
itself. Lagging test practices and assets mean that SPL is not benefited fully. It is true
that SPL test activities can also be considered as generic activities. However, in single
product software development, we may not expect a software test way of working as
structured as it is in the SPLs. Therefore. there is a need to pay special attention and
evaluate the testing framework for maturity in SPLs. And when it comes to trainings,
there should not be exceptions for this practice as well.
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CHAPTER 1V

APPLICATION OF THE BAPO AND THE MODIFIED BAPO

In this chapter, empirical testing of the assessment methodology is presented. Initially,
the question that is asked is how we can present a model to assess the maturity of a
SPL. After the initial investigations of related literature, it is decided to extend the
existing models rather than presenting one from scratch. Therefore, the research
question of the study has evolved to “How we can extend the present models in the
literature to have a better and overall SPL evaluation framework?” During the search
for an answer, 4 case studies are conducted. First three studies are conducted in a
company that operates in the field of defense industry in Turkey. We will call this
company as A. The last case study is conducted in a company that operates in the
semiconductor industry in the Netherlands. We will call this company as B.

4.1. Application of BAPO
4.1.1. Pilot Study

Before beginning the data collection phase, a pilot study is conducted in company A
to see the applicability of the questionnaires first. Before beginning the data collection
phase, it is necessary to see if the questionnaires are clear enough to understand and
answer. What a participant expects from a questionnaire and whether these are fulfilled
or not is the main question pursued in this phase of the thesis work. The content of the
questionnaires and thus the thesis work is not the main objective of the pilot study. The
advantage of doing a pilot study is that it gives the opportunity to realize typos,
questions that may be misunderstood, questions that may be explained in a simpler and
clearer way and so on. It also helps to realize the shortcomings of the questionnaire in
general. Some details which seem obvious to the presenter may totally be a new
concept for the participants. To realize these and cover these shortcomings before it is
too late, pre studies are done. If not, collected data may not give as accurate results as
they should.

The pilot study of this thesis work is conducted with seven participants all of which
work for the same military defense company that all the thesis work is conducted at.
The ages of the participants are ranging from 25 to 40. Two of the participants are from
the software testing department and the other two are from the embedded software
development department and the remaining three of them are from the software
development department. Two of the participants are females and five of them are
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males. All participants have at least 4, at most 18 years of software experience, so all
participants have a general understanding of product lines. Five of the participants
have their BSc degrees from Electronical Engineering and two of them from Computer
Sciences. Six of the participants have their MS degrees and one of them is pursuing
his MS degree.

In the pilot study, the base BAPO framework is applied as is. Each maturity area
questionnaire takes about 30 minutes to complete. Each questionnaire is divided into
5 sections within themselves, each section corresponding a maturity level defined in
the base model. The case study is conducted online. Participants are also asked for
feedbacks for possible improvements both in activities and the general outline of the
study. No evaluation is applied for the final results since not all the participants are
working on the same SPL.

As responses to the pilot study, general feedbacks about the survey are collected as
expected. The introductory information and some typos are corrected as pointed out
by the responses. As stated by the participants, questions were clear, understandable
and gradable enough. There was one exception, though. There were some feedbacks
about the first maturity level of the base study. There were questions with negative
sentences and this made the grading confusing at some points. Moreover, the questions
were mostly pointing out the absence of any kind maturity. Another drawback of the
study was time. It takes twenty to thirty minutes to answer the questions per
questionnaire. In total, it takes about an hour to ninety minutes for all questionnaires.
However, the time spent is necessary and required for meaningful results. To overcome
these drawbacks, the questionnaires are purposefully divided into three maturity areas
in the beginning. This way, instead of a single ninety minutes survey, three shorter,
independent and twenty to thirty minute surveys are used. Half an hour a day for three
days do not seem to be as scary and tiring as ninety minutes at once. Collecting data
without boring and distracting the participant increases the accuracy of the results.

Moreover, some feedbacks about the concepts are collected too. Software testing is
one of them. It is an important part of the software product development and the
product architecture. However, this concept seems to be missing in the questionnaires.
Besides, some questions about financial issues seem to be not applicable to this study’s
concept. Questions about debt maintenance and profitability cannot directly indicate
the success or failure of a SPL in this study. The reason for this is that the company
does not rely all his finances on these SPLs. Nevertheless, these feedbacks are not
directed to the first exploratory study. The reason why is to collect data for the raw
surveys in the exploratory study and check whether similar feedbacks will also be
collected during the exploratory study. This way, it is aimed to strengthen the
feedbacks about the subjects without manipulating the participants.
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4.1.2. Exploratory Study- BAPO

After the pilot study, first exploratory study is conducted in company A. This study is
the first phase of the actual data collection phase. The purpose of this phase is to see
the result of the assessment and again get feedbacks about the content. Although some
feedbacks were discussed after pilot study about the questionnaires contents, no
changes are made for this phase. However, these feedbacks are presented to the
participants and asked for their feedback on these. To be able to get unbiased
feedbacks, first, participants’ suggestions are asked and after that comments for the
suggestions of the author are requested. It was important not to bias and limit
participants’ thoughts on the questionnaires. Requesting feedback for the author’s
suggestions before asking their own might limit them to these topics. Moreover, after
the questionnaires phase, informal interviews are made with the participants.
Feedbacks from other participants and the previous phase are discussed with each
participant. Then these feedbacks and the related literature is investigated in detail.
The output of that investigation is presented in the upcoming case study.

This exploratory study is conducted with 8 participants who are also working for the
company A. All the participants are working on the same SPL, either as a developer,
a manager or a system design engineer. The ages of the participants vary between 27
and 45. Two of the participants are managers in the company. Two of the participants
are system engineers with software engineering background and the remaining four
are still software engineers. All of the participants have their MS degrees and one of
them is pursuing his PhD degree. All of the participants are males in this part of the
study. All of the participants has at least five years of experience with the product line
being developed. Three of the participants are working on the related SPL since the
first steps taken for the evolution of the SPL. The team is one of the frontiers in the
company for managing a SPL. The SPL being discussed in this exploratory study is a
command control software application.

Similar to the pilot study, each maturity area questionnaire takes about 30 minutes to
complete. Each one is divided into five maturity levels, first questions representing the
lowest level and the latest ones representing the highest level of maturity. This case
study is also conducted online.

The feedbacks about the content of the model was quite similar to the ones in the pilot
study. Some comments are made about the negative sentences in the first level of
maturity. The absence of testing framework in the architecture maturity area is also
mentioned by two of the participants. During the informal face to face discussions with
the participants, they are asked about the possible modifications on the study which
are based on literature and the previously collected feedbacks. Their comments are
also collected and analyzed. Based on the collected data, possible modifications are
agreed by all of the participants to be applied for the next study.

41



The maturity level of the SPL under investigation is assessed individually for each
maturity area. The results of individual questionnaires are presented in Table 6. The
business and organization maturity areas of the investigated SPL is found to be at level
5 by most of the participants. These two areas are leading the architecture area for
improvement for the corresponding SPL. The architectural maturity is found out to be
at least level 3, but it is close to achieve level 4 with some improvements. Although it
is not in the scope of this study and it is not evaluated by this study, the department
has a CMMI Level 3 certificate. Therefore, it seems fair to say that the SPL under
investigation has all the BAPO aspects covered. The results of the exploratory study
are in table 6.

Table 6 Exploratory Study Assessment Results

Level 1 Level 2 Level 3 Level 4 Level 5
Business 0 0 0 2 6
Architecture | 0 0 7 1 0
Process CMMI
certified
Organization | 0 0 0 1 7

4.2. Application of the Initial Model of Modified BAPO

After the first exploratory study, first explanatory study is also conducted in company
A. This study is the first one that we actually collected data for the extended model.
The purpose of this phase is to see the result of the assessment with the extended model
and see if any further adjustments are required. Although all the feedbacks were
discussed after the first two studies, actual data collection can always lead to new
information and improvements. The same process is followed for the data collection
as in the previous applications.

This study is conducted with 9 participants who are also working for the company A.
All the participants are working as developers on the same SPL. The ages of the
participants vary between 25 and 37. Two of the participants are pursuing their master
degrees, other two participants are pursuing their PhD degrees and the rest of the
participants have their MS degrees. 4 of the participants are females and 5 of the
participants are males in this part of the study. All of the participants has at least three
years of experience with the product line being developed. Three of the participants
are working on the related SPL since the first steps taken for the evolution of the SPL.
The SPL under investigation is an embedded machine control SPL.

In terms of extensions, 4 level maturity is applied in this study. First maturity levels of
each maturity area are omitted. Moreover, all the omissions mentioned in chapter 3 are
realized. For the business maturity area, extensions in the financial management
practice stated in section 3.3.1 are applied. In the architecture maturity area, there are
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two extensions. The commonality management activity added to the second maturity
level and the architecture analysis and evaluation activity added to the fourth maturity
level mentioned in section 3.3.2 are presented to the participants in this case study. In
the organizational maturity area, all the modifications mentioned in the section 3.3.3
are applied.

The maturity level of this SPL is also evaluated individually for each maturity area.
The details of the participants’ individual outcomes are presented in table 7. The
organization maturity area of the investigated SPL is found to be at level 5 by most of
the participants. The business maturity is at mostly found as level 4 and architecture
maturity is evaluated to be at level 3 by all the participants except one. After the
evaluation, the team also analyzed themselves for improvement. They have some room
for improvement in the analysis and evaluation practice and have set some goals to
improve. This department also has CMMI Level 3 certificate. The results of the second
and third study are consistent with each other. It is good to have consistency between
these two case studies since both SPLs are from the same company and they have
many common projects. Especially the business and organization areas are quite
overlapping, therefore this enables the validation of the study. The product line in the
second study has a bit of longer history than this one. This early start can also explain
why the previous SPL is slightly more mature than the one in this case study.

Table 7 First Explanatory Study Assessment Results

Level 1 Level 2 Level 3 Level 4 Level 5
Business 0 0 1 7 1
Architecture | 0 1 8 0 0
Process CMMI
certified
Organization | 0 0 0 2 7

With the application of modified BAPO model and assessment reviews, it is seen that
this model is not sufficient to provide a successful capability maturity framework. The
model is incomplete and hard to use. Surveys take a lot of time and some questions are
hard to answer due to negative sentences. It also fails to provide a roadmap and
guideline for improvement. Its capability levels do not match with the standards like
CMMI and SPICE, either. For capability and maturity assessments, it is very important
to eliminate the human factor. The model is based on survey responses and do not trace
hard evidence. Respondents’ perception of the processes, practices and questions may
affect the results. For a successful implementation, it is crucial to look for the actual
evidence that will prove the capability and provide the guideline for further
improvements. Due to all these reasons, we concluded that the BAPO model is
insufficient to fulfill the needs of the concept. Therefore, we realized the need for a
whole new approach and came up with SPL-CMM.
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4.3. Validity Threats

For a successful case study implementation, 4 threats to validity are tried to be
eliminated.

4.3.1. Construct Validity

For the threats against construct validity, there are 3 measures taken for 3 specific
threats. The first threat to the study is the mono method bias. To overcome the mono-
method bias, multiple surveys are done for the study including a pilot, an exploratory
and a validation study. Before each case study, participants of the previous studies are
asked about the modifications presented. The respondents of those studies have a
familiarity with the questions and concepts being studied. Moreover, based on their
feedbacks there are applied and unapplied modifications on the survey. With this extra
step, participants are able to check the results of their feedbacks, if any, and comment
on the extensions before they are deployed. Beyond these studies, the results are
discussed with the experts of the field and the advisor of this thesis work.

Against the mono operation threat, the study itself is actually a guard. The antecedent
surveys are applied to two different companies in North America. With this study, we
have the chance to apply the surveys in 2 three different SPLs in a different company
from the previous studies. This helps to prove the results of both the base study and
the modified study presented currently.

To overcome the evaluation apprehension, complete anonymity of the participants is
guaranteed. None of the participants know the answers of each other to the
questionnaires. Their names are not matched with their feedbacks so that they remain
anonymous. Within this ensured mutual trust, unbiased results are aimed to be
collected throughout the case studies.

4.3.2. Internal Validity

Surveys are divided into three, namely, architectural evaluation, organizational
evaluation and business evaluation. Each of the surveys take about 30 minutes. If done
sequentially, maturation might be an issue in such long durations. The reason behind
this division is to alleviate the maturation risk, so that each can be done separately.
The surveys are also separated into five parts, each of which can be completed
separately. This gives an opportunity to give breaks between parts. The participants
are also given a week to complete the surveys due to their tight schedules and
availabilities. To let them complete the tasks without a rush, which may result in
inaccurate responses, this longer period is chosen. Even though these precautions, a
few participants needed some extra days to complete the surveys.
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The same methodology is applied in all phases of the study to alleviate the risks of
instrumentation. All these surveys are also submitted online instead of face to face
meetings to avoid biasing the participants. Altering the methodology may result in
different effects on the participants which may eventually effect the outcome of the
study.

4.3.3. External Validity

As stated by Yin, external validity is about how generalizable a study’s findings are
[72]. The surveys are, in a way, repeated as many times as possible with different work
groups that work on different product lines to conclude that the results can be
generalized at a certain level. A pilot study, an exploratory studies and an explanatory
study are performed. Through the studies, some improvements to the models are tried
to be introduced. Therefore, to get the opinions of the previous participants, they are
also asked about their notions regarding this changes. That way, along with the
antecedent models used, the modifications are also presented to all participants of
different phases.

The antecedent models are also applied in a different geography, work environment
and culture. This study, in a way, alleviates the threats to external validity of the
previous study while also proving its own generalizability. This study is designed
based on previous researches findings and standards. By depending on the surveys in
the literature, all subjective elements are carefully eliminated. The main effort of this
study is actually highly related with this validity test. The focus is on the applicability,
in other words, generalizability of the antecedent studies and required modification
introductions on them.

4.3.4. Reliability

The reliability is the fourth validity test that needs to be fulfilled. It is highly crucial to
prove, as it is in its name, that the results of the study are reliable. Without reliable
conclusions, a study cannot be told to be worthy and meaningful. If the case study
cannot be repeated, its results may not be trusted. The same also goes for case studies
which does not give the same results when repeated.

Due to confidentiality policies of the company that the case study is conducted, third
parties may not be able to repeat the case study. This is an unsolvable issue since there
are strict confidentiality regulations. The company is not always willing to share such
information since they sometimes consider such information as company secret.
Nevertheless, the processes, results of questionnaires and steps of the case study are
explained in detail to maximize the reliability.
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CHAPTER V

SOFTWARE PRODUCT LINE CAPABILITY MATURITY MODEL

In this chapter, the developed SPL-CMM is presented. The aim is to achieve a model
that will suit the needs of the businesses. Available literature has been reviewed to
understand the current status of the concept. The purpose is to present a generic
assessment methodology that can also be used for benchmarking. Another important
issue that was a concern in this study is to make the model easy to apply and easy to
understand. The first step is to identify the structure of the model. The structure defines
the maturity areas, their practices to be fulfilled and maturity scales.

To achieve a good framework, both the sources in the literature and the field is applied.
All the information and feedback collected through them are analyzed. The feedback
from the field experts are supported with the literature. The findings of the literature
are discussed with the field experts. Through this double check mechanisms and
investigations, the assessed BAPO model is apparently insufficient. Therefore, a new
SPL process capability model is worked on and tested. The initial model of modified
BAPO is an improved version of the previous studies based on the BAPO
framework([5], [8], [9]. After the further investigations of the literature and the case
studies, this initial framework is also proven to be insufficient. As a major drawback,
the model does not follow causality and the link between consecutive capability levels.
For instance, to achieve level 3, the organization should probably fail in level 2. This
is because of the negative expectancies of the lower level questions. These negative
questions expect the absence of an aspect to claim lower levels, which actually implies
incapability and should not be used to assess capability.

Although there are limited number of studies related to measuring SPL process
capability/maturity are in the literature, none of existing studies is developed based on
a well-known PCMM. The purpose of this study is to develop the SPL-CMM based
on SPICE by developing SPL Process Reference Model (SPL-PRM) including process
definitions for SPL engineering domain. The aim of SPL-CMM is to provide the base
for improving the SPL engineering processes. It pursues a structured and standardized
approach by assessing relevant processes in order to perform improvement initiatives
in a consistent, repeatable manner, assessed by adequate metrics with guidance on
what to do for improvement in SPL.
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The significance of the study is that the SPL-CMM including SPL specific process
definitions and a measurement framework enables objective rating. It provides to
determine the current process capability level and to achieve a road-map for process
improvement.

SPL-CMM consists of two dimensions, process and capability. Process dimension
includes SPL-PRM covering four main process areas of Business, Architecture,
Technical and Organization, and 16 critical SPL processes defined in these four
process areas. The process definitions include measurable objectives of a process:
Process Outcomes, Base Practices (BPs), and Work Products which are constructed
based on SPICE. The capability dimension includes Capability levels and Process
Attributes (PAs) adapted from SPICE. The PAs representing measurable
characteristics necessary to improve the process are applicable to all processes.

5.1. Process Dimension of SPL-CMM

SPL specific processes are identified and defined. For the level 1 capability
assessments of the processes, base practices are described. ISO/IEC TR 15504-2
structure and aspects are utilized for the definitions of the processes. There are 4 main
aspects of process definition. These aspects are purpose, outcomes, base/generic
practices and work products.

o The purpose defines the desired goal of the process;

o The outcomes are the achieved results when the process is performed,

o The base practices are the expected actions and enablers that will result in
the outcomes;

o The work products are the inputs and outputs of the processes such as plans,

documents and reports.
The process definitions are developed for 16 SPL specific processes defined under 4
main process areas of business, organization, technical and architecture as shown
above. The developed process definitions are given in Appendix.

48



* Al. Architecture Requirements Management
» A2. Architecture Design
* A3. Architecture Validation

Architecture
Process Area

* T1.Technology Infrastructure Management
 T2. Requirements Management
* T3. Configuration Management
Technical * T4. Change Managent(impact analysis)
Process Area * TS. Test Management
* T6. Variability Management
 T7. Commonality Management
« T8. Application Engineering Management

* B1. Software Product Line Management
Business Aligned Strategy Management Process

Process Area » B2. Portfolio Management Process
* B3. Scope Definition

* Ol. Organizational Structure Management
Process

Process Area * 02. Skill Development Management Process

Organization

Figure 11 Software Product Line-Process Reference Model (SPL-PRM)

5.2. The Capability Dimension of SPL-CMM

There were 5 capability levels in the [5], [8], [9] models. First of these levels actually
maps to level 0 of SPICE. Even the second level of those models imply absence of
some processes in some aspects. Moreover, insufficiency in lower levels such as 1 or
2 do not imply any capability or incapability about higher levels. Therefore, after the
initial case studies, these assessment models are abandoned and the new holistic
approach evolved.

The capability scale of the presented framework consists of six levels as in the ISO/IEC
15504-2[73]. These levels are from level 0 to 5 in the following order; Incomplete,
Performed, Managed, Established, Predictable and Optimizing. The capability levels
indicate:
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Level 0 — Incomplete: The process is not performed to make it to its purpose
or is not even defined.

Level 1 — Performed: The process is implemented but these implementations
are not always consistent. Though it achieves its purpose.

Level 2 — Managed: The performed process is planned, monitored and adjusted
to achieve its purpose.

Level 3 — Established: The organization is adjusted and defined the way they
perform the process.

Level 4 — Predictable: The process is managed and performed in a way that the
variation of its outcome is reduced and limited.

Level 5 — Optimizing: The quantitative data is used and the process is
relentlessly improved to meet its goals.

Each capability level is said to be achieved when its PAs are fulfilled. Level 0 do not
have a PA since it actually defines the lack of it. Level 1 has one PA to be achieved
while the rest of the levels have 2 PAs each. These process attributes and capability
levels are illustrated in Figure 12.

1o+ PAS.1: Process change
o)l ([PAS.2: Continuous improvement
5kt PA4.1: Process measurement
0[50 PA4.2: Process control
SRR PA3.1 Process definition
AlEELE PA3.2 Process resource
PA2.1: Performance management
7| PA2.2: Work product management
Level 1-
LA PA 1.1: Process Performance
Level 0-
Incomplete

Figure 12 Capability Levels as Adapted from ISO/IEC 15504-2[73]

The measure of capability is based upon a set of process attributes (PA). To claim a
certain capability level, the PAs of that level need to be fully achieved (F.A.) or largely
achieved (L.A.) and all lower level PAs should be F.A.. However, for level 1, there are
no lower level PAs, therefore, process performance attribute is sufficient by itself. If
that is not also even L.A., then the capability level is determined as level 0 —
incomplete. As shown, the ordinal ratings of achievements in Figure 13 Achievement
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Rating Scale, Each PA is measured by an ordinal rating of F.A. (Fully Achieved) (86%
to 100%), L.A. (Largely Achieved) (51% to 85%), P.A. (Partially Achieved) (16% to
50%), or N.A. (Not Achieved)) (1% to 15%). These ratings represent the extent of
achievement of the process attribute. A process is measured to be at a certain
capability level if it fully or largely achieves the process attribute(s) of that level and
fully achieves all the process attribute(s) of the lower levels.

s \( e
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“15% [150% |:85% | 100%
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Figure 13 Achievement Rating Scale

According to these ratings and capability levels, Table 8 Capability Levels and Process
Attribute Achievement illustrates the process capability ratings against PAs. The
achievements of PAs are measured by the success of business practices related to them.

Table 8 Capability Levels and Process Attribute Achievements(Adapted from [74])

Process Attributes Level 1 Level2 Level 3  Level 4 Level 5
(Performed) (Managed) (Established) (Predictable) (Optimizing)
PA 1.1 Process Performance L.A.orF.A. F.A. F.A. F.A. F.A.
PA 2.1 Performance Man. - L.A.orF.A. F.A. F.A. F.A.
PA 2.2 Work Product Man. - L.A.or F.A. F.A. F.A. F.A.
PA 3.1 Process Definition - - L.A.or F.A. F.A. F.A.
PA 3.2 Process Resource - - L.A.or F.A. F.A. F.A.
PA 4.1 Process Measurement - - - L.A.or F.A. F.A.
PA 4.2 Process Control - - - L.A.orF.A. F.A.
PA 5.1 Process Change - - - - L.A. orF.A.
PA 5.2 Continuous Improvement - - - - L.A. orF.A.

First capability level has 1 process attribute which is the process performance attribute.
Its achievement means that process purpose is reached. For its assessment, introduced
practices and work products are used. For the remaining levels, the generic practices
and the generic work products of the SPICE model are utilized.

5.3. SPL-CMM Process Assessment

The assessments are to be conducted according to ISO/IEC TR 15504 part 3.
Assessment plan and assessment report documents describe the details of assessment
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activities. These activities include the planning of the assessment, collection of data,
validation of data, rating of the PAs and briefing the participants.

Assessment Plan Documentation: It defines which activities shall be performed
for conducting the assessment. It also involves the schedule and the required
resources of the assessment.

Data Collection: Systematic collection of evidence and data for the process
evaluations. The assessment should rely on objective data and evidence for
each process attribute of each process.

Data Validation: The validation of the collected evidence and data in terms of
consistency, comprehensiveness, objectivity and sufficiency.

PA Rating: Assigning a rating based on validated data for each PA.
Reporting Assessment: Reporting the assessment results including inputs,
evidences.
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CHAPTER VI

VALIDATION OF THE SPL-CMM

Case study approach has been used as the validation method. Case study approach is
“the most common qualitative method used in information systems[75]. It is a highly
suitable method to seek answers for the research questions and come up with a
solution.

The followed research methodology satisfies the qualitative research requirements. In
this study, data is collected in the organizations own site. Data collector is the assessor.
Inductive data analysis is conducted and collected data has multiple variations in type.

The case study is conducted according to the template presented by Yin[72]. The
collected data has 5 different forms, “documents, interviews, direct observation,
participant-observation and physical artifacts ”. This is an important parameter to deal
with the construct validity and reliability.

The design type is in the form of a single case study. It is conducted after developing
the SPL-CMM.

The objective of the study is to examine how applicable and useful is the presented
SPL-CMM model. The model is based on the SPICE model and it aims to determine
the capability level of identified processes. It also aims to provide a guideline and a
roadmap for process improvement.

The measure used in the research is the capability level of the SPL specific processes.

Case Selection Strategy is to select the organization for the assessment. It is an upside
that we know the processes of the organization. In this manner, it is easier to identify
the weaknesses and strengths.

Case Study Research Questions: The research questions of the case study are;

RQ1: How suitable it is to use the SPL-CMM with the purpose of identifying the
current SPL specific process capability level and how well it provides roadmap for the
process improvement?
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RQ2: What are the strengths and weaknesses of the SPL-CMM?

Field Procedure, Data Collection, and Limitations: ISO/IEC TR 15504-2 is used as
a guide for defining the SPL specific processes and ISO/IEC TR 15504- 3 is used while
conducting the assessment. The extent of process capability is determined by an
identified set of process attributes.

After the assessment is conducted and capability levels are determined, results are
discussed with the process owners. During these discussions determined capability
levels and improvement suggestions are presented. A small questionnaire is also
utilized to get some feedback. The questionnaire consists of the following questions;

e Are measuring process capability and obtaining guideline for improvement useful?

e Do you think that applying these suggestions will improve the process
performance?

¢ s there any information you want to add in the process definitions?

e Are there any missing items in the guideline for improvement list?

6.1. Case Study Implementation

The company is operating in the semiconductor industry and the main product is
lithography machines. There are more than 20000 employees worldwide from more
than 100 different nationalities. The headquarters are in the Netherlands and around
12000 employees work in the Netherlands. More than 2000 software developers work
for the company. The company is on the NASDAQ-100 index and holds more than
80% of the market share with more than 10 billion € yearly revenue.

The assessments are conducted by visiting the organization in 3 consecutive days.
During these visits, semi-structured interviews are held with the stakeholders of the
SPL-CMM processes. The motive of these interviews are to gather evidence about the
process capabilities.

For Level 1 assessment, the developed SPL specific process definitions are used. We
checked if the outcomes are achieved and the base practices are performed. For the
remaining levels, generic work products and generic practice indicators are checked.

To address our RQs, the SPL-process capability assessment is conducted and a road
map for process improvement is identified. After determining the capability levels and
guidelines for improvement, results are discussed with the respondents. During these
discussions, we questioned if the SPL-CMM model is useful and adequate.

For the construct validity, the case study constructs should be well structured and
objective. To ensure this, multiple stakeholders in different roles are interviewed.
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Beyond the respondents, various sources like the process framework of the
organization, role definitions and other documents are investigated.

In order to ensure internal validity, the findings are discussed with the respondents
again to eliminate any kind of bias.

6.2. Validity Verifications

For a case study design to be successful, validity threats should be eliminated. There
are four tests that should be satisfied in this concept. These tests are construct validity,
internal validity, external validity and reliability. The tests are defined by Yin as[72],

e Construct Validity is about the detection and realization of the accurate
operational measures for the concepts under investigation.

e Internal Validity is about the verification of causality between the consecutive
conditions and statements that are presented.

e External Validity is about the definition of the domain, to which extent the
findings of the study can be generalized.

e Reliability is about the repeatability of the study. The study should be able to
be repeated and the same results should be achieved to prove the study is
reliable.

All these constraints were analyzed during the design phase of the study. Each threat
to validity is tried to be eliminated with some measures. Each action to prove the
validity of the study is explained in detail in the following subsections.

6.3. SPL-CMM Assessment

For the capability assessment, process owners are interviewed and the process
frameworks are investigated. For the assessments, one cluster architect, two sub
function architects and one product owner is interviewed. Each of the interviews lasted
around an hour. The interviews are conducted in three different days. The notes of the
interviews and organization process frameworks and documents are investigated
offline in detail. Final assessment scores are identified with this offline investigation.

As an example, T4 is interviewed with all three architects and data is gathered. During
the assessments, evidence is asked for the implementation of the base practices.
Outputs of the process are searched for evidence. Inputs and outputs are analyzed and
verified. In the organization software process framework, the change management
process is defined and the process owner is identified. The strategy, way of working,
steps and documentation requirements are all defined. Change management
framework and infrastructure is investigated. It is governed by a change management
portal available to all stakeholders. The portal holds all the related information and
stakeholders. The lifecycle of the request is monitored such as the requester, status,
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owner of the change, investigator, developer, dates and details of the change request.
For all the change requests, software impact analysis is conducted and documented.
There exists template documents for such analyses, therefore the process is
standardized. In this document, all the effected stakeholders, components, interfaces,
regression and progression effects, validation and verification objectives are
addressed. This impact analysis is reviewed by the stakeholders. These stakeholders
may include other developers, product owners, related architects like test architects
and functional architects and industrialization engineers. After the analyses, the change
is approved or rejected. If approved, the change is implemented, tested and deployed.
The change management process is also supported by review, waiver and issue
analysis processes of the software process framework. Process audience, inputs,
outputs, process owner, controlling processes, process indicators and process risks are
all identified if any. Process flow diagrams are also provided for the stakeholders.
Change management infrastructure provides quantitative measures such as number of
requests and change durations however objectives for these measures are not set. The
analysis of these data is also performed on an ad hoc basis. Therefore, standard analysis
procedures and techniques are not yet established or communicated through the
organization. As a result of this assessment, the process capability is found to be at
level 3 since it fails to achieve level 4 attributes.

All the processes are assessed as described for T4, change management process. As a
result of the assessments, all of the processes except T35, test management process, are
found to be at level 3. Only T3, test management process is conducted at level 4. Test
management process largely achieves level 4 while fully achieving all the previous
levels of capability. Commonality and variability management processes, T6 and T7,
largely achieve level 3 and fully achieves all the previous capability levels. The rest of
the processes all fully achieve the first three levels, but only partially achieves level 4.
Assessment results of T4 is illustrated below on Table 9. All the detailed assessment
results are presented in Technical Report METU/II-TR-2019-100[76].

Table 9 T4 Change Management Process Capability Assessment

GPs Evidence Achievement

PA 1.1. Process

Performance Attribute | The process attribute is fully achieved. F.A.
Change management process is defined and

T4.BP1: Develop a the process owner is identified. The strategy,

change management way of working, steps and documentation

strategy. requirements are all defined. F.A.
Change management framework and

T4.BP2: Establish a infrastructure is established. It is governed by

change management a change management portal available to all

framework to record and | stakeholders. The lifecycle of the request is

track change request. monitored such as the requester, status, owner | F.A.
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GPs Evidence Achievement
of the change, investigator, developer, dates
and details of the change request.
For all the change requests, software impact
T4.BP3: Analyze and analysis is conducted and documented. There
document the impact of | exists template documents for such analyses,
the change. therefore the process is standardized. F.A.
T4.BP4: Identify In the impact analysis document, effected
validation and stakeholders, components, interfaces,
verification needs and regression and progression effects, validation
regression effects. and verification objectives are addressed. F.A.
After the analyses, the change is approved or
T4.BP5: Implement rejected. If approved, the change is
changes when approved. | implemented, tested and deployed. F.A.
PA 2.1 Performance
management attribute | The process attribute is fully achieved. F.A.
GP 2.1.1 Identify the Process performgnce objectives are defined in
objectives reference and guide books and software
process framework. F.A.
GP 2.1.2 Plan and Progess performance is monitored by the
monitor l8Berformsils architects, process owners and other
stakeholders. F.A.
Process is monitored and adjusted by the
owners and all stakeholders whenever
GP 2.1.3 Adjust required. F.A.
GP 2.1.4 Define
responsibilities and Responsibilities and authorities are defined
authorities and structured. F.A.
Resources are identified in yearly and long
term plans documents. Staff to manage the
GP 2.1.5 Identify and process identified. Actions are realized by the
make available staff. Resource management process is
resources defined in project management processes. F.A.
GP 2.1.6 Manage the Reference and guide books are available and
interfaces processes are defined. F.A.
PA 2.2 Work product
management attribute | The process attribute is fully achieved. F.A.
GP 2.2.1 Define the
requirements for the
work products Process is established and released. F.A.
GP 2.2.2 Define the
requirements for
documentation and Documentation process and templates are
control released, reviewed and waivered. F.A.
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GPs Evidence Achievement

GP 2.2.3 Identify,

document and control Processes are implemented by the related

the work products personnel. F.A.
Change management, review and waiver

GP 2.2.4 Review and processes are defined in the project

adjust work products management processes. F.A.

PA 3.1 Process

definition attribute The process attribute is fully achieved. F.A.
Software process framework processes are

GP 3.1.1 Define the defined, documented and distributed to

standard process stakeholders. F.A.
Software process framework is structured,

GP 3.1.2 Determine the | their relations, layers, sequence and

sequence and interaction | interactions are defined. F.A.

GP 3.1.3 Identify the Roles, competencies and owners are identified

roles and competencies | and structured. F.A.

GP 3.1.4 Identify the

required infrastructure Infrastructure needs and the structure is

and work environment defined and provided. F.A.

GP 3.1.5 Determine

suitable methods Processes are defined, reviewed and followed. | F.A.

PA 3.2 Process

deployment attribute The process attribute is fully achieved. F.A.
Software process framework processes are

GP 3.2.1 Deploy a defined, documented and distributed to

defined process stakeholders. F.A.

GP 3.2.2 Assign and

communicate roles, Roles and responsibilities of process owners,

responsibilities and architects and other stakeholders are defined

authorities and assigned. F.A.

GP 3.2.3 Ensure

necessary competencies

for performing the Necessary competencies and competency

defined process. owners are identified for processes. F.A.

GP 3.2.4 Provide Required resources and information is

resources and available and communication process is

information established. F.A.

GP 3.2.5 Provide

adequate process

infrastructure to support

the performance of the Infrastructure is provided maintained and has

defined process a process owner of its own. F.A.

GP 3.2.6 Collect and Process performance is monitored and

analyse data about reviewed regularly. F.A.
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GPs Evidence Achievement

performance of the

process

PA 4.1 Process

measurement attribute | The process attribute is partially achieved. | P.A.

GP 4.1.1 Identify

process information Process needs are defined in the process

needs documents. L.A.

GP 4.1.2 Derive process | Qualitative process objectives are defined in

measurement objectives | process documents. P.A.

GP 4.1.3 Establish Quantitative objectives are mainly ad hoc or

quantitative objectives missing N.A.

GP 4.1.4 Identify

product and process Some measures are established but the

measures boundaries are missing P.A.

GP 4.1.5 Collect

product and process

measurement results Results are monitored. L.A.

GP 4.1.6 Use the results

of the defined Analysis of the measurements are merely ad

measurement hoc. P.A.

PA 4.2 Process control

attribute The process attribute is partially achieved. | P.A.

GP 4.2.1 Determine Some standard quantitative analysis and

analysis and control control mechanism are available but the

techniques process is mostly ad hoc. P.A.
Qualitative parameters are mostly available

GP 4.2.2 Define but quantitative parameters are ad hoc or

parameters missing. P.A.

GP 4.2.3 Analyze Processes are analyzed by process owners and

process and product stakeholders but quantitative measurements

measurement results are ad hoc or missing. P.A.

GP 4.2.4 Identify and

implement corrective Lessons learned are used for corrective

actions actions. P.A.

GP 4.2.5 Re-establish

control limits Quantitative control limits are missing. N.A.

PA 5.1 Process
innovation attribute

The process attribute is not analyzed since
level 4 attributes are not fully achieved.

GP 5.1.1 Define the
process improvement
objectives

GP 5.1.2 Analyse
measurement data
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GPs Evidence Achievement
GP 5.1.3 Identify
improvement
opportunities -
GP 5.1.4 Derive
improvement
opportunities -
GP 5.1.5 Define an
implementation strategy | -
PA 5.2 Process The process attribute is not analyzed since
optimization attribute | level 4 attributes are not fully achieved.
GP 5.2.1 Assess the
impact of each proposed
change -
GP 5.2.2. Manage the
implementation of
agreed changes -
GP 5.2.3 Evaluate the
effectiveness of process
change -

Table 10 presents the process capability assessment results for T4 change management

process. Process attributes of level 5 are not assessed since level 4 is not fully achieved.

Table 10 T4 Change Management Process Capability Assessment Summary Result

Capability | Process Attribute Rating | Capability

Level Result | level of the
Process

Level 1 PA 1.1. Process Performance Attribute F.A.

Level 2 PA 2.1 Performance management attribute F.A.

PA 2.2 Work product management attribute F.A.

Level 3 PA 3.1 Process definition attribute F.A.

PA 3.2 Process deployment attribute F.A. Level 3
Level 4 PA 4.1 Process measurement attribute P.A.

PA 4.2 Process control attribute P.A.
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The current capability level of the process is determined as level 3 as seen in the table
above. Capability level improvement of the process means transition to capability level
4 from level 3 by improving PA 4.1 and PA 4.2. from P.A. to L.A. or F.A. It covers
improving rating of GPs of Level 4. The road-map for process improvement of T4,
Change Management Process including transition to fully satisfying the requirements
of Level 4 is as follow:

Quantitative process measurement objectives should be identified and
established.

Quantitative product measurement objectives should be identified and
established.

Related information and data for the objectives should be identified and
collected.

For the analysis, investigate and choose appropriate analysis methods.

Define analysis method and communicate it with stakeholders.

Analyze collected data. Identify corrective actions and apply.

Adjust objectives and boundaries according to analyses results.

Table 11 illustrates the achievement status of process attributes for each process while
Table 12 shows the highest achieved capability levels for each of the processes. The
process attributes which are not assesses in table 11 are marked with a dash.
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Table 11 Overall Assessment Results

PA 1.1 Process performance attribute

PA 2.1 Performance management attribute

PA 2.2 Work product management attribute

PA 3.1 Process definition attribute

PA 3.2 Process deployment attribute

PA 4.1 Process measurement attribute

PA 4.2 Process control attribute

PA 5.1 Process innovation attribute

PA 5.2 Process optimization attribute

B1. Software Product Line Management | FA | FA | FA | FA | FA | PA | PA | - -
Aligned Strategy Development Process
B2. Portfolio Management Process FA | FA | FA | FA | FA | PA | PA |- -
B3. Scope Definition FA | FA | FA | FA | FA | PA | PA | - -
Ol. Organizational Structure | FA | FA | FA | FA | FA | PA | PA | - -
Management Process
02. Skill Development Process FA | FA | FA | FA | FA | PA | PA | - -
Al. Architecture Requirements | FA | FA | FA | FA | FA | PA | PA | - -
Management Process
A2. Architecture Design Process FA | FA | FA | FA | FA | PA | PA | - -
A3. Architecture Validation Verification | FA | FA | FA | FA | FA | PA | PA | - -
Process
T1. Infrastructure Management Process | FA | FA | FA | FA | FA | PA | PA | - -
T2. Configuration Management Process | FA | FA | FA | FA | FA | PA | PA | - -
T3. Requirements Management Process | FA | FA | FA | FA | FA | PA | PA | - -
T4. Change Management Process FA | FA | FA | FA | FA | PA | PA |- -
T5. Test Management Process FA | FA | FA | FA | FA | LA | LA | - -
T6. Commonality Management Process | FA | FA | FA | LA | LA | - - - -
T7. Variability Management Process FA | FA | FA | LA | LA | - - - -
FA | FA | FA | FA | FA | PA | PA | - -

T8. Application Engineering

Management Process
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Table 12 Capability Level Ratings of the SPL Processes Performed in the

Organization
Processes Capability Level Rating Result
B1. Software Product Line Management Level 3
Aligned Strategy Development Process
B2. Portfolio Management Process Level 3
B3. Scope Definition Level 3
O1. Organizational Structure Management Level 3
Process
02. Skill Development Process Level 3
Al. Architecture Requirements Level 3
Management Process
A2. Architecture Design Process Level 3
A3. Architecture Validation Verification Level 3
Process
T1. Infrastructure Management Process Level 3
T2. Configuration Management Process Level 3
T3. Requirements Management Process Level 3
T4. Change Management Process Level 3
T5. Test Management Process Level 4
T6. Commonality Management Process Level 3
T7. Variability Management Process Level 3
T8. Application Engineering Management Level 3
Process

The assessment results are discussed with the respondents in a meeting after the
capability and guidelines for improvement are identified. During this discussions, a
small questionnaire is conducted and the results are presented in Table 13. First two
questions of the questionnaire are rated on a scale of 1 to 5 and the other two questions
are open ended. The 1 to 5 ratings mean, completely disagree, disagree, neutral, agree
and completely agree, correspondingly. The resulting median of the responses is
calculated to be 4 for both questions.

Table 13 Interview Results

Question Survey Type Response

Q1) Are measuring the process ' ' ‘
capability and obtaining guideline 5 points Likert Median: 4

- ?
for improvement useful? scale
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Q2) Do you think that applying
these suggestions will improve the 5 points Likert Median: 4

(')
process performance? scale

Q3) is there any information you
want to add in process definition of Open-end
the process? Please write, if any.

Q4) is there any missing item(s) in
guideline for improvement list?
Please write, if any. Open-end

For the usefulness, the assessment is found useful by the respondents and it is stated
that it is definitely useful to have an educated way to drive the improvements. It is also
agreed that applying these suggestions should help. As additions, two suggestions are
received;
e The key product/service characteristics created by the key processes can be
improved.
e The process variables that exert important influence can be controlled.

For the missing items, no feedback is received.

Based on these answers, it can be concluded that it is agreed the assessment and the
resulting guideline for process capability improvement is useful. It is also agreed that
applying these suggestions will help the organization to improve in these processes.
Respondents also agree that the process definitions and the guideline are adequate. No
additional remarks were done in that manner.

Based on the results of the case study, the answers for our research questions are found
out to be;

RQI1: How suitable it is to use the SPL-CMM with the purpose of identifying the

current SPL specific process capability level and how well it provides roadmap for the
process improvement?

Considering the case study results and the opinions of the respondents on the results,
we conclude that the SPL-CMM can be used to identify the process capability level
and to provide roadmap for SPL process improvement.

RQ2: What are the strengths and weaknesses of the SPL-CMM?
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We interpreted the strengths and weaknesses of SPL-CMM based on the results of the
case study in the conclusion section.
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CHAPTER VII

CONCLUSION

The SPL is receiving an increasing amount of attention from software industry due to
its promising results in cost reduction, quality improvements, and reduced delivery
time. Providing a SPL assessment to measure the capability/maturity of a SPL
processes is defined as a necessity and there are a limited number of studies in the
literature to satisfy this necessity. Most of these studies are developed based on the
BAPO. In this thesis, we also conducted case studies to check the applicability,
usefulness and completeness of the BAPO and determined that the BAPO is
insufficient, incomplete and not useful to measure the capability/maturity of SPL
processes. In order to provide a useful, applicable and complete capability/maturity
assessment, we have developed SPL-CMM based on SPICE which is a well-known
software process improvement model. We customized the SPICE-ISO/IEC TR 15504
by developing SPL-PRM including 16 SPL specific process definitions under 4 main
process areas of business, organization, technical and architecture. In order to validate
SPL-CMM, we conducted case study in one software organization to assess the SPL
capability/maturity of the organization. During the case study, we conducted the
assessments via semi-structured interviews with process owners and stakeholders. We
evaluated the direct evidences. Then, we discussed the results with respondents to
check if they agree with the results. The findings are presented in chapter 5 and
according to these findings it is seen that the SPL-CMM approach has been found
useful and adequate.

We identified the contributions regarding this study as follows:

e The main contribution of this study is the SPL-CMM, including SPL-PRM
which consists of SPL specific process definitions and a measurement
framework which provides objective ratings. It is intended to be a holistic
approach for SPL process capability/maturity assessment. It presents a basis
for SPL processes improvement. It aims to provide a structured and
standardized approach for the assessment of SPL processes. It is designed in
such a way that it provides the improvement initiatives in a repeatable and
consistent manner. In the existing literature, no such approach has been
presented yet.

e Defining SPL-CMM based on SPICE-ISO/IEC TR 15504 will improve the
applicability of the model. It is also supported by the SPICE community itself
to apply the standards to different domains.
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In this study, the applicability of the SPL-CMM is checked with a case study.
The case study results indicated that the SPL-CMM succeeds in identifying
process capabilities and defects of processes at various levels. SPL-CMM also
achieves to provide a road-map for process improvement. The answers of the
process owners and stakeholders verify that they are in agreement with the
results and the road-map. They also agree that having a road-map to guide the
organization on what they need to do for process capability improvement is
valuable and helpful. It is approved that these suggestions identified in the
guideline will help the organization in improving the process performance.

We identified the limitations regarding this study as follows:

We could observe the capability levels until level 4 however level 5 could not
be observed. Since level 4 is not fully achieved by any of the processes, we
could not perform any level 5 assessment. Evaluation of level 5 will definitely
be useful to further prove and improve the completeness of the model.

The case study is performed in one company, however, SPL process
assessments in different organizations are needed to improve the reliability and
generalizability of the results.

We identified the improvement opportunities regarding SPL-CMM as follows:

Developing a SPL process capability/maturity self-assessment method
covering the complete set of questions that are in alignment with SPL-CMM.
Publishing the model and the collecting new assessment data from different
organizations and benchmarking the data;

Developing a tool to support the SPL-CMM assessment activities;
Performing more case studies in different companies;

Extending the number of defined processes.
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APPENDIX

SPL-CMM PROCESS REFERENCE MODEL

Table 14 Software Product Line Management Aligned Strategy Development Process

Definition

Process ID B1

Process Software Product Line Management Aligned Strategy
Name Development Process

Process The purpose of strategy management 1is strategic and
Purpose organizational management and planning.

a. Business vision including software product line management
and corresponding organizational strategy and goals are defined.
b. The business vision and organizational strategy is
communicated to all members of the organizations and their
commitments to achieve organizational goals are received.
Process c. Resources are allocated for software product line development
Outcomes in the organizational strategy document.
d. The software product line aligned organizational strategy
document is established and documented.
e. The strategy document is shared with all related parties.
f. The strategy document is regularly reviewed, updated as needed
and communicated to all in the organization.
B1.BP1: Monitor the external environment: Monitor the
environment economic trends, social and cultural changes, and
new Software Product Line management issues. [Outcome: a]
B1.BP2: Define organizational strategy: Identify the business
vision, organizational strategy and goals aligned with Software
Product Line management. [Outcome: a,b]

Base B1.BP2.1: Develop a business vision including product line aims
Practices at retaining current customers and attracting future ones.
B1.BP2.2: Develop a strategy document covering following:
*placed the software product lines an important strategic
consideration and even a strategic asset.

*identified key market segments for the software product line.
*highlighted an evolution in the software product line under
changing business conditions.
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Table 14 Software Product Line Management Aligned Strategy Development Process
Definition (Continued)

B1.BP2.3: Develop organizational goals. [Outcome: a,b]
B1.BP3: Allocate resources for software product line
management. [Outcome: c]

B1.BP4: Document the strategic plan: Develop organizational
and business strategic and operational plans.[Outcome: d]
B1.BP5: Consult to all stakeholders: Contact with
stakeholder which can be organizations and institutions
outside of the agency, or inside of the agency. [Outcome: b,
e]

B1:BP6: Publish the strategy document and share it all
related parties. [Outcome: d, €]

B1.BP7: Regularly review the strategy document and update
it when it is necessary. [Outcome: f]

Input(s) QOutput(s)

Strategy Document [Outcome a, d, e, f]
Communication record [Outcome: b, €]

Base Practices

Organizational structure [Outcome:
b, e]

Review records [Outcome: f]
Commitment / agreement [Outcome: b]
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Table 15 Portfolio Management Process Definition

Process ID

B2

Process
Name

Portfolio Management Process

Process
Purpose

The purpose of the Portfolio Management Process is to initiate and
sustain necessary, sufficient and suitable programs and projects in
order to meet the strategic objectives of the organization.

This process commits the investment of adequate organization
funding and resources, and sanctions the authorities needed to
establish selected programs and projects. It performs continued
qualification of programs and projects to confirm they justify, or
can be redirected to justify, continued investment.

Process
Outcomes

a) business opportunities, investments or necessities are qualified,
prioritized and selected;

b) resources and budgets for each project are identified and
allocated,;

c¢) governance mechanism for managing programs and projects is
defined;

d) The programs and projects are controlled;

e) The decision of sustaining or terminating programs and projects
is given.

Base
Practices

B2.BP1: Collect business opportunities, investments and
necessities as items for current and future programs and projects.
[Outcome: a]

B2.BP2: Conduct feasibility study for alternative programs and
projects [Outcome: a]

B2.BP3: Analyze and prioritize the alternative programs and
projects based on organization level criteria. [Outcome: a]

B2.BP4: Select the best alternative(s) and initiate the related
programs and projects [Outcome: a]

B2.BP5: Estimate resources and budget for the portfolio. Calculate
and balance resources and budget for the selected development
items. [Outcome: b]

B2.BP6: Define governance mechanism, accountability and
authority for programs and projects. [Outcome: c]

B2.BP7: control programs and project at pre-defined milestones
based on time, budget, quality and requirements satisfaction level.
[Outcome: d]

B2.BP8: Redirect or terminate project if agreement, stakeholder
requirements or business benefits are not expected to be achieved.
[Outcome: €]
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Table 15 Portfolio Management Process Definition (Continued)

Input(s)

Output(s)

Business goals [Outcome: a, b]

Business goals [Outcome: a, b]

Market analysis report [Outcome: a]

Market analysis report [Outcome: a]

Feasibility analysis report [Outcome: a]

Resource and budget estimation report
[Outcome: b]

Organizational level criteria [Outcome:

a

Commitment / agreement [Outcome: a]

Organizational structure [Outcome: c]

Program and Project Organizational
Structure [Outcome: c]

Communication record [Outcome: c]

Project status report [Outcome: d]

Project status report [Outcome: e]

Project control limits [Outcome: d, €]

Stakeholder requirements [Outcome: a,
d, e]

80




Table 16 Scope Definition Process Definition

Process

ID B3

Process

Name Scope Definition
The purpose of the scope definition process is to draw the boundary
between in and out in such a way that the product line is profitable. A
scope defines an organization’s product line area of expertise—the

Process set of systems that it can build efficiently. Thus, scoping can let an

Purpose | organization take the initiative, by providing a basis for discovering
products that may have an untapped market. These new products
might be squarely within the defined scope, or they might be outside
but “nearby".
a) Existing "as-is" situation of the organization is analyzed.
b) Existing products are examined,;

Process . . .
¢) Domain scope is determined;

Outcomes : -
d) Product scope is determined;
e) Assets scope is determined.
B3.BP1: Perform pre-scoping activities. [Outcome: a]
B3.BP1.1: Analyze market by obtaining information of the market
segments in which the domains are inserted for identifying issues.
B3.BP1.2: Identify organizational context, i.e: structure, maturity
B3.BP1.3: Identify operational context i.e: business constraints (
time-to-market and resources), processes
B3.BP1.4:Analyze stakeholders
B3.BP1.5: Analyze business goals (i.e: reduce costs, improve the
productivity, improve the time-to-market, improve the quality,
increase the company portfolio and gain new markets).

Base B3.BP1.5: Analyze the profile of the project team

Practices

B3.BP3: Examine existing products. [Outcome: b]

B3.BP3.1:Conduct a thorough study of existing products helps
identify commonality across a potential product line and identifies
the types of differences that are likely to occur

B3.BP3.2:1dentify existing products similar to those that will be part
of the product line

B3.BP3.3:Determine which elements of the products should be
considered part of the product line

B3.BP3.4: Develop an attribute/product matrix which sorts, in order
of priority, the important attributes by which products in the product
line differ
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Table 16 Scope Definition Process Definition (Continued)

Base
Practices

B3.BP4:Analyze the domain scope based on the criteria of maturity,
volatility, market, potential, reuse potential, risks, experience, coupling
and existing code potential [Outcome: c]

B3.BP4.1: Review domains  (the stakeholders express their
understanding on the domains, enabling them to identify new domains,
exclude existent ones or maintain the initial set of domains)

B3.BP4.2: Analyze sub-domains based on criteria of experience,
maturity, risks, volatility, code market, potential reuse potential,
coupling

B3.BP4.3: Identify sub-domains by conducting brainstorm sessions
with stakeholders (The stakeholders gather information about their
needs and expectations regarding to key sub-domains that are of
particular concern to them)

B3.BP4.4: Prioritize domains and sub-domains

B3.BP5: Determine product scope based on the determined domain
scope [Outcome: c, d]

B3.BP5.1: Construct user stories

B3.BP5.2: Identify features

B3.BP5.3: Identify products

B3.BP5.4: Construct product map

B3.BP5.5: Validate product map.

B3.BP6: Determine assets scope to Establish the reusability of features
relevant for the development of the reference architecture [Outcome: c,
d, e]

B3.BP6.1: Create metrics (based on the template of
<Purpose><Issue><Object> <Context>, such as Minimize the effort
needed for the development of new applications from the viewpoint of
software architects in the company.)

B3.BP6.2: Apply metrics

B3.BP6.3: Prioritize Product Map to select the features with more
potential for the product line

B3.BP6.4: List and validate the determined appropriate features that be
built for reuse.

Input(s) Output(s)

Strategy Document [Outcome: a]

Organizational structure [Outcome: a]

Domain Scope Report [Outcome: d] Domain Scope Report [Outcome: c]

Product Scope Report [Outcome: e] Product Scope Report [Outcome :d]

Asset Scope Report [Outcome: e]
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Table 17 Organizational Structure Management Process Definition

Process
ID

01

Process
Name

Organizational Structure Management Process

Process
Purpose

The purpose of the Organizational Structure Management Process is
to establish pattern of relationships between the parts of an
organization, outlining communication as well as control and authority
in order to successfully adopt the software product line approach.
Organizational Structure Management Process provides incorporate
clearly identified roles for individuals and have strong coordination
and communication links, are more likely to institutionalize a software
product line than organizations that lack the supporting coordination
and communication.

Process
Outcomes

a) The organization establishes domain and application engineering
units for the software product line engineering process and a joint team
from the domain and application engineering units oversees the
synchronization of activities in both departments.

b) A clear set of guidelines is developed for the management of
software product line.

c¢) The roles and responsibilities of individuals and groups are well
defined and documented within the organization.

d) Committed work is matched to unit resources and qualified
individuals are recruited, selected, and transitioned into assignments.

e) Software product line core assets are maintained at departmental
levels, and the information is shared on a need-to-know basis.

f)All conflicts related to software product line are resolved in a
professional environment.

Base
Practices

O1.BP1: Establish domain and application engineering units.
[Outcome: a]

O1.BP1.1: Design the unit structure

O1.BP1.2: Define the objectives of the units

O1.BP1.3: Determine the roles, effort and skills required for the units,

O1.BP1.4: Define appropriate selection criteria are defined for each
open position ().

O1.BP1.5:Recruite the candidates for open positions

O1.BP1.6: Offer the positions to the candidate whose skills and other
qualifications best fit the open position.

O1.BP1.7: Provide resources and information to support the
performance of the software product line engineering process.
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Table 17 Organizational Structure Management Process Definition (Continued)

Base
Practices

O1.BP2: Constitute a joint team from the domain and application
engineering units oversees the synchronization of activities in both
departments. [Outcome: a]

O1.BP3: Define the processes performed in the domain engineering
and application engineering units. [Outcome: b]

O1.BP3.1: Develop a clear set of guidelines to handle the
management of core assets with respect to the software product line.

O1.BP3.2: Share the processes and guidelines on a need-to know
basis.

O1.BP4: Establish and maintain a policy for conducting the
Communication and Coordination activities for the software product
line engineering processes. [Outcome: c]

O1.BP5: Establish the communication mechanism for that the
various units within the organization providing feedback to each
other on the software product line engineering processes. [Outcome:
d]

O1.BP6: Track resolved conflicts for the software product line
engineering processes. [Outcome: ¢]

Input(s) QOutput(s)

Organizational structure
[Outcome: a]

HR needs analysis [Outcome: a]

Software Product Line Engineering Processes and
Guidelines [Outcome: b]

Roles, responsibilities and authorities for Software
Product Line Engineering Processes [Outcome: c]
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Table 18 Skill Development Process Definition

Process 02

ID

Process Skill Development Process

Name

Process The purpose of the Skill Development Management Process is to

Purpose ensure that all individuals have the skills and knowledge required to
perform their assignments related to software product line engineering
and to enhance constantly the capability of the workforce to perform
its assigned tasks and responsibilities.

Process a) The current and strategic workforce needs and corresponding skill

Outcomes | needs for software product line engineering processes in the
organization is determined.
b) A software product line engineering related skill development plan
is established and maintained.
c) Training, mentoring, or other services for developing workforce
skills are provided.
d) Progress in meeting the objectives of the skill development plan is
tracked.
e) It is ensured that individuals develop their knowledge, skills, and
process abilities related to software product line engineering.

Base O2.BP1: Define the organization’s current and strategic workforce
Practices | needs related to software product line engineering. (i.e: A product line

architect must be skilled in current and promising technologies, the
nuances of the application domains at hand, modern design techniques
and tool support, and professional practices such as the use of
architectural patterns. The architect must know all of the sources of
requirements and constraints on the architecture, including those (such
as organizational goals) not traditionally specified in a requirements
specification) [Outcome: a]

02.BP2: Determine necessities for the software product line
engineering related skills. [Outcome: a]

O2.BP3: Prioritize skill development activities to align with cost,
schedule, and other business considerations. [Outcome: a]

02:BP4: Establish a software product line engineering related skill
development plan. [Outcome: b]
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Table 18 Skill Development Process Definition (Continued)

02:BP5: Review and revise the software product line engineering

Base related skill development plan on a periodic and event-driven basis.
Practices | [Outcome: b]
02:BP6: Provide training, mentoring, or other services for skill
development. [Outcome: c]
02.BP6.1: Plan training, mentoring, or other services for developing
workforce skills.
02.BP6.2: Ensure that the plan is implemented.
02.BP6.3: Individuals who participate in skill development activities
receive appropriate orientation in skill Development practices.
02.BP6.4: Evaluate performance of the training, mentoring, or other
services.
02.BP6.5: Maintain training and development records at the
organizational level.
02.BP6.6: Establish and maintain the graduated training and
development activities for the skill development.
02.BP7: Track progress in meeting the objectives of the skill
development plan. [Outcome: c, d]
02.BP8: Skill-based experience and information is captured and made
available [Outcome: c]
02:BP9: Ensure that the product line training is consistent with and
supportive of the overall product line adoption process or any process-
improvement efforts [Outcome: ]
Input(s) Output(s)

Skill Development Plan [Outcome: a, b]

Training records [Outcome: c]
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Table 19 Architecture Requirements Management Process Definition

Process ID

Al

Process Name

Architecture Requirements Management Process

Process Purpose

The purpose of the Architecture Management Process is to
identify the domain requirements and the needs of the SPLA

Process
Outcomes

a) the needs that the SPLA need to support are identified

b) interface requirements of SPLA are defined

c) consistency and traceability are established between
domain requirements and the SPLA requirements

d) SPLA requirements are analyzed for correctness and
testability

e) the requirements are updated as needed

Base Practices

BP1: Describe SPLA requirements to be supported [Outcome:
a, b]

BP2: Analyze SPLA requirements for correctness,
completeness, consistency, feasibility and testability.
[Outcome: d]

BP3: Analyze the changes and updates in the system and
domain requirements and update SPLA requirements when
needed. [Outcome: €]

BP4: Ensure consistency of domain requirements to SPLA
requirements. Establish and maintain traceability. [Outcome:

c]

Input(s)

QOutput(s)

Domain
Requirements
[Outcome:a, b, c]

SPLA Domain Requirements [Outcome: a, ¢, d, €]

SPLA Interface Requirements [Outcome: b, ¢, d, €]

Analysis and review records [Outcome: b, c, d, e]

Change Request
[Outcome: €]

Change control record [Outcome: €]
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Table 20 Architecture Design Process Definition

Process ID

A2

Process Name

Architecture Design Process

Process Purpose

The purpose of the Architecture Management Process is to
provide a design for the SPLA

Process Outcomes

a) a software architectural design is designed and developed

b) internal and external interfaces of each SPLA are defined

¢) consistency and traceability between the SPLA
requirements and SPLA design is maintained

d) the functional and non-functional requirements of the
SPL are addressed

Base Practices

BP1: Evaluate alternative architectures according to the
defined criteria and define the rationale for choosing the
current SPLA. [Outcome: a]

BP2: Describe SPLA. Transform the domain and
application requirements into an architecture that describes
the structure and major software items. [Outcome: a, d]

BP3: Define interfaces for software blocks and components.
Identify and document the external and internal interfaces
between the software blocks and components. [Outcome: b]

BP4: Ensure consistency of software product line
requirements to software design. Establish and maintain
traceability between the requirements and the
design[Outcome: c]

Input(s)

QOutput(s)

SPLA Domain
Requirements
[Outcome: a, ¢, d]

SPLA Interface
Requirements
[Outcome: b, c, d]

SPLA Design Records [Outcome: a, b, c, d]

High level SPLA design [Outcome: a, b]

Traceability record [Outcome: c, d]
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Table 21 Architecture Validation Verification Process Definition

Process ID A3

Process Name Architecture Validation Verification Process

The purpose of the Architecture Management Process is to

P P
rocess furpose provide a design for the SPLA

a) verification between the requirements and SPLA is
Process Outcomes | performed

b) risks are identified

BP1: Verify SPLA meets all SPLA requirements.
[Outcome: a]

BP2: Qualitative metrics for the SPLA evaluation are

Base Practices defined. [Outcome: a]

BP3: Analyze the software product line architecture and
document the analysis results. [Outcome: a, b]

Input(s) Output(s)

SPLA Design
Records [Outcome:
a, b]

High level SPLA
design [Outcome: a,
b]

Traceability record
[Outcome: a]

SPLA Analysis Records [Outcome: a, b]

SPLA Quality Metrics Record [Outcome: b]
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Table 22 Infrastructure Management Process Definition

Process

ID Tl

Process

Name Infrastructure Management Process

Process The purpose of the infrastructure management process is to provide

Purpose | and maintain necessary tools and facilities.

a) SPL infrastructure requirements are identified

b) SPL infrastructure elements are identified.

E)l;:)tccis; es |¢) SPL infrastructure elements are developed or acquired.
d) SPL infrastructure is maintained and improved for changed
requirements.
BP1: Define infrastructure requirements including hardware,
software, environment and standards. Identify if the SPL needs to
Base support multiple hardware, OS or else. [Outcome: a, b]
Practices

[Outcome: c]

BP2: Develop and/or acquire required infrastructure elements.

BP3: Maintain and improve the infrastructure. [Outcome: d]

Input(s)

Output(s)

Infrastructure requirements
[Outcome: a, b]

Infrastructure requirements [Outcome: a]

Development environment plan
[Outcome: b, c, d]

Development environment plan [Outcome:
c, d]

Supplier selection policy [Outcome:

c]

Process description [Outcome: ¢, d]

Delivery record [Outcome: c]

Delivery record [Outcome: ¢, d]

Tracking system [Outcome: c]

Tracking system [Outcome: ¢, d]

Acquisition plan [Outcome: c]

Software assets register [Outcome:
b, c]

Software assets register [Outcome: b, c]
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Table 23 Configuration Management Process Definition

Process
ID T2
Process
Name Configuration Management Process
Process The purpose of the configuration management process is to ensure
Purpose | the integrity of the products of the SPL.
a) a configuration management strategy is established
b) Components that needs configurable properties are identified.
Process c¢) Configurations of the products derived from the product line are
Outcomes | baselined and maintained.
d) Changes in the configurable items are controlled and recorded.
e) consistency and completeness is ensured
BP1: Develop a configuration management strategy. [Outcome: a]
BP2: Identify software components that will be configured.
[Outcome: b]
BP3: Establish product configuration baselines. [Outcome: c]
Base BP4: Report, store and maintain baseline histories and enable
Practices | recoveries of these baselines. [Outcome: c, d,e ]

BPS5: Verify configurable components and their structures.
[Outcome: €]

BP6: Control modifications and releases. [Outcome: d]

Input(s) Output(s)
Configuration items [Outcome: b, ¢, d, ] | Configuration items [Outcome: b, d]
Product configuration [Outcome: c, d, e] Product configuration [Outcome: c]
Configuration management plan Configuration management plan
[Outcome: a, ¢, d] [Outcome: a, b]

Release plan [Outcome: a, d]

Delivery record [Outcome: ¢, d, €]

Configuration management record
[Outcome: b, c, d, €]

Product release approval record
[Outcome: c]

Change history [Outcome: d]

Tracking system [Outcome: b, c, d]

Configuration management library
[Outcome: c]
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Table 24 SPL Requirements Management Process Definition

Process
ID T3
Process
Name SPL Requirements Management Process
Process The purpose of the requirements management process is identify and
Purpose | maintain the requirements of the SPL.
a) SPL requirements are identified.
b) SPL requirements are validated.
Process c¢) Consistency and traceability is established between domain level
Outcomes | @nd application level requirements.
d) SPL requirements are maintained and updated when needed.
e) SPL requirements are approved, baselined and communicated to
all affected parties.
BP1: Discover, review, document, and understand the needs and
constraints for the system. [Outcome: a]
BP2: Define functional, nonfunctional and interface requirements of
the SPL. [Outcome: a]
BP3: Define acceptance criteria for the requirements. [Outcome: b]
BP4: Analyze the requirements for completeness, correctness and
testability. [Outcome: b]
Base ) BP5: Maintain Bidirectional Traceability of Requirements [Outcome:
Practices

c]

BP6: Ensure consistency of the requirements. Ensure Alignment
Between Project Work and SPL Requirements [Outcome: c]

BP7: Document the requirements. [Outcome: d]

BP8: Manage Requirements Changes. [Outcome: d]

BP9: Share the requirements on a need-to know basis and
communicate the requirements. [Outcome: ¢]

BP10: Obtain Commitment to Requirements [Outcome: €]
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Table 24 SPL Requirements Management Process Definition (Continued)

Input(s)

QOutput(s)

a,b,c,d]

Software Domain Requirements [ Outcome:

a,b,c,d]

Software Product Requirements [Outcome:

Interface Requirements [Outcome: a, b, ¢, d]

Change Request [Outcome: d]

Change control record [Outcome:
d]

SPL Requirements [Outcome: a, b,
c,d, el

Analysis and review records
[Outcome: a, b, c, d]

Traceability record [Outcome: c]

Communication record [Outcome:

el
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Table 25 Change Management Process Definition

Process
ID T4
Process
Name Change Management Process
Process The purpose of the change management process is to identify the
Purpose | effects of changes and act accordingly.
a) a change management strategy is established
b) change requests are recorded and tracked
¢) change impacts are identified
Process . 2 : ;
Outcomes | 9) change acceptance cr}terla are 1dept1ﬁed
e) resources for change implementations are planned and allocated
f) possible regression effects of the changes on different products and
components of the SPL are identified
BP1: Develop a change management strategy. [Outcome: a]
BP2: Establish a change management framework to record and track
change request. [Outcome: b]
Base BP3: Analyze and document the impact of the change. [Outcome: c,
Practices f]
BP4: Identify validation and verification needs and regression effects
[Outcome: c, d, f]
BPS5: Implement changes when approved. [Outcome: e]
Input(s) QOutput(s)
Configuration item [Outcome: b] Configuration item [Outcome: b]

Product configuration [Outcome: b]

Change management plan [Outcome: a]

Change request [Outcome: b] Change request [Outcome: b, c, d, e, f]

Tracking system [Outcome: b]

Impact analysis report [Outcome: ¢, d, f]

Configuration management library
[Outcome: b]
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Table 26 Test Management Process Definition

Process ID T5
Process
Name Test Management Process
Process The purpose of the Test Management Process is to validate and
Purpose verify the SPL
a) Validation and verification strategies are developed and
implemented
b) Validation and Verification criteria are defined
c) Regression testing strategy is developed and implemented.
d) Test activities are performed. This activities may include the
Process testing of various components and products of the SPL due to
Outcomes regression effects.
e) Defects and problems are identified and reported
f) Test automation options are identified and implemented
g) Criteria, activities and results are made available to the
stakeholders
BP1: Develop SPL validation and verification strategies.
[Outcome: a]
BP2: Establish regression test strategy. [Outcome: c]
Base BP3: Develop SPL validation and verification criteria. [Outcome:
Practices o]

BP4: Conduct and report test activities [Outcome: d]

BP5: Analyze test automation options. [Outcome: f]

BP6: Analyze qualification results [Outcome: €]

BP7: Communicate the activities with the stakeholders [Outcome:
gl
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Table 26 Test Management Process Definition (Continued)

Input(s)

QOutput(s)

Quality measure [Outcome: b]

Validation verification test strategy
[Outcome: a, c, f]

Validation verification test Plan
[Outcome: a, c, f]

Quality policy [Outcome: a, c]

Communication record [Outcome: g]

Problem record [Outcome: d, e, g]

Change request [Outcome: d, €]

Quality record [Outcome: d, €]

Quality record [Outcome: e, g]

Traceability record [Outcome: d]

Test Requirements specification
[Outcome: b, g]

Validation verification test analysis results
[Outcome: b, d, e, g]

el

Corrective action register [Outcome:

Corrective action register [Outcome: €]

Tracking system [Outcome: €]

Quality criteria [Outcome: b]

Quality criteria [Outcome: b]
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Table 27 Commonality Management Process Definition

Process
ID

T6

Process
Name

Commonality Management Process

Process
Purpose

The purpose of the commonality management process is to manage,
control and maintain the commonalities in the SPL.

Process
Outcomes

a) Commonality management strategy is established

b) Reuse opportunities are identified as commonalities among the
SPL products

c) Commonalities are documented, tracked and managed

d) Commonalities are analyzed and updated.

e)Consistency is established between common requirements of the
products and common interfaces and components

f) Communication mechanisms between affected stakeholders are
established.

g) Commonalities are implemented and tested.

Base
Practices

P1: Define organizational commonality management strategy.
[Outcome: a]

P2: Identify commonalities of the components and products of the
SPL. [Outcome: b]

P3: Define, analyze and maintain the commonalities and their
dependencies. [Outcome: ¢, d]

P4: Monitor and control changes in the common parts. [Outcome: c,
d]

P5: Communicate the changes and the dependencies of the
commonalities with the stakeholders. [Outcome: c, f]

P6: Ensure consistency between the common requirements and
common components and interfaces. [Outcome: e]

P7: Develop and test the common assets. [Outcome: g]
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Table 27 Commonality Management Process Definition (Continued)

Input(s)

QOutput(s)

Common object [Outcome: g]

Common object [Outcome: g]

Domain model [Outcome: b, d]

Domain model [Outcome: d, ¢]

Project plan [Outcome: g]

Change request [Outcome: ¢, d, g]

Change control record [Outcome: ¢, d, f, g]

Software assets register [Outcome:
gl

Software assets register [Outcome: g]

SPL architecture [Outcome: a, €]

SPL architecture [Outcome: a, e, f, g]

Business goals [Outcome: a]

Communication record [Outcome: f]

Change control record [Outcome:
d]

Change control record [Outcome: d, f]

Configuration status report
[Outcome: c]

Configuration status report [Outcome: c]

Commonality library [Outcome: b]

Commonality library [Outcome: b, ¢, g]

Commonality strategy [Outcome:

b, f]

Commonality strategy [Outcome: a]
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Table 28 Variability Management Process Definition

Process ID

T7

Process
Name

Variability Management Process

Process
Purpose

The purpose of the variability management process is to manage,
control and maintain the variabilities in the SPL

Process
Outcomes

a) Variability management strategy is established

b) Variable requirements of the SPL are identified

¢) Variation points of the SPL are identified

d) Variability of components, interfaces, classes are managed and
tracked.

e) Variabilities are analyzed and updated.

f) Consistency is established between variable requirements of the
products and variation points

g) Communication mechanisms between affected stakeholders are
established.

h) Variation points are implemented and tested.

Base
Practices

P1: Define organizational variability management strategy.
[Outcome: a]

P2: Identify variabilities of the SPL. [Outcome: b, c]

P3: Define, analyze and maintain the variabilities. [Outcome: d, €]

P4: Monitor and control changes in the variable parts. [Outcome:
d, e]

P5: Communicate the changes and updates in the variabilities with
the stakeholders. [Outcome: g]

P6: Ensure consistency between the variable requirements and
variable components and interfaces. [Outcome: f]

P7: Develop and test the variable assets. [Outcome: h]
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Table 28 Variability Management Process Definition (Continued)

Input(s)

QOutput(s)

Variable object [Outcome: h]

Variable object [Outcome: h]

Domain model [Outcome: b]

Domain model [Outcome: e, f]

Project plan [Outcome: h]

Change request [Outcome: c, d, e, h]

Change control record [Outcome: c,
d, e, g]

Software assets register [Outcome: h]

Software assets register [Outcome: h]

SPL architecture [Outcome: a, f]

SPL architecture [Outcome: a, f, g, h]

Business goals [Outcome: a, c]

Communication record [Outcome: g]

Change control record [Outcome: ¢]

Change control record [Outcome: e,
gl

Configuration status report [Outcome: d]

Configuration status report [Outcome:
d]

Variability library [Outcome: c]

Variability library [Outcome: ¢, d, g,
h]

Variability strategy [Outcome: b, g]

Variability strategy [Outcome: a]
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Table 29 Application Engineering Management Process Definition

Process
ID

T8

Process
Name

Application Engineering Management Process

Process
Purpose

The purpose of the application engineering management process is to
analyze the system and software requirements and identify the
application requirements then to develop and maintain the features and
the end product.

Process
Outcomes

a) the requirements and the interfaces of the application engineering
elements are defined

b) application engineering and product requirements are analyzed for
correctness and testability

c) consistency and traceability are established between the software
product line requirements and application engineering requirements

d) application engineering blocks that captures the product specific
variations in features, capabilities, concepts, and functions are
developed and tested

e) changes to the software and product requirements are evaluated and
reflected to application engineering requirements when needed

Base
Practices

P1: Specify and define the functional and nonfunctional application
engineering requirements and interfaces and document them.
[Outcome: a]

P2: Analyze the application engineering requirements for correctness,
completeness, consistency, feasibility and testability. [Outcome: b]

P3: Develop criteria for product and application engineering assets
testing. Use the system and software requirements to define
acceptance criteria. [Outcome: b]

P4: Ensure consistency of software product line requirements to
application engineering requirements. Establish and maintain
traceability. [Outcome: c]

P5: Develop and test the application engineering assets and the
product. [Outcome: d]

P6: Identify and Implement the required application engineering assets
for product development activities. [Outcome: d]

P7: Analyze the changes in the software requirements to identify the
related application engineering requirements and perform necessary
activities. [Outcome: €]
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Table 29 Application Engineering Management Process Definition (Continued)

Input(s)

QOutput(s)

Commitment / agreement
[Outcome: b, c, €]

Test data [Outcome: c]

Low level software design [Outcome: b, d]

Customer manual [Outcome: d]

Project plan [Outcome: a]

Project plan [Outcome: a]

Life cycle model [Outcome: a]

Life cycle model [Outcome: a]

Software element [Outcome: a]

Software element [Outcome: a, b, d]

Traceability record [Outcome: c, e]

Application requirements
[Outcome: a, c]

Application requirements [Outcome: a, c, €]

Product requirements
[Outcome: b, d, e]
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