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ABSTRACT

Nowadays the increasing demand for customized products and
services in traditional areas such as Automotion Manufacturing or
Aeronautical Component Engineering is being satisfied with a
new approach called “Product Platform”. This successful
approach is also being considered in the design of software-based
components in these areas, which are recognized as complex and
critical.

In this paper, we present the research that is being carried out at
Mondragon University. This effort focuses on the analysis of
existing Product Platform Development methods and the
transference of this know-how to Software Product Development.

As a result, a Software Product Line (SPL) development method
will be defined and applied in a real case. This method will be
based upon market demands, so it should be flexible enough to
respond to customer’s requests and market pressure. In this paper
we will explain in detail one step of the process. This step is
concerned with how QFD technique can be used to the
specification of components in a SPL.
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1. INTRODUCTION

Today’s highly competitive, global marketplace is redefining the
way companies do business. If we focus on the Software
Development area, we can see that during the last few years the
Software producer’s interests have been in contradiction with the
customer’s interests. Indeed, producers want to maximize their
benefits and, thus, to minimize their production’s costs and time
to market. In opposition, customers ask for better quality and for
Software tailored to their individual needs. Furthermore,
complexity and size of software products are rapidly increasing
due to the market’s evolution.

This situation is not new, as the scenario is well known in other
sectors such as Automotion Manufacturing or Aeronautical
Component Engineering. In these sectors, the development of a
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family of products—a group of related products derived from a
common Product Platform—has provided an efficient and
effective mean to implement a sufficient product variety to satisfy
a range of customer demands.

Software community has tried to adopt this new approach of
product development. They called it “Software Product Lines “
(SPL). A SPL is a set of intensive systems of software that share a
set of common characteristics, that satisfy the specific needs of a
segment of a particular market and that are developed from a set
of common assets in a pre-established way [1].SPL represent an
innovative and growing concept in Software Engineering. It can
also efficiently satisfy the current demand for mass customization
of software.

Despite the fact that SPL have recently gained research interest,
there are only few empirical studies on them. We would expect a
rush by the Software industry to exploit the competitive
advantages offered by SPL. However, most of the software
industry is either unaware of the emerging field of SPL, or if an
organization is aware, they don’t understand how SPL might be
applied in their situation. There is a need of process and
quantitative models to help enterprises in this new way of product
development.

The purpose of our research in Mondragon University is the
analysis of existing Product Platform Development methods and
the transference of this knowledge to Software Product
Development. There is an especial interest in product
specification and modularization. The Governing Body of
Guipuzkoa (Spain) takes part in this research.

The rest of the extended abstract is organized as follows. In
section 2, we present the previous work in this field. In Section 3,
we illustrate our advances. In this section, the core part of our
contribution is given. Finally, in section 4, the paper ends with a
conclusion and some words on the future work.

2. PREVIOUS WORK

From a mechanical perspective or taking into consideration
products of tangible structure, we can affirm that this issue has
been studied widely. During the decade of the 90’s, multiple
studies and investigations appeared that were trying to tackle



these difficulties: how to obtain a great variety of products with a
unique design that combines the greatest number of possible
similarities [2]. The solution to gain this mass customization
passes through the concept of product platform [3]. That is, a
unique design for a platform can be personalized in such a way
that can extend the variety of different products. We can mention
the automation sector [4], aeronautical sector [5], aerospace sector
[6] or companies like Hewlett-Packard or Black&Decker[7]]. In
all, the challenge is in how to define this platform.

From a Computer Science perspective or intangible structure
Product Development, considerable efforts have been made, too.
Its origins can go back to the 60’s. In a conference titled "Mass
Produced Software Components™ held in 1968, [8] introduced the
Reusability concept as the key for the efficient design of new
Software Products. The efforts made in the definition of
methodologies for the development of Product Lines are
considerable: PULSE [9], KobrA [10], COPA[11], FAST [12],
FORM [13], SPLIT [14], etc. From an application point of view,
the SPL approach is being adopted by organizations of different
sectors [15] [16][17].

As much from the theoretical point of view as form the
application one, Product Lines are an interesting and promising
approach. Therefore, we can appreciate how very different
industries converge towards a new way of design when
undertaking a product family development: SPL. Nevertheless,
the software development sector is not as advanced as the
mechanical industry. Most of the real cases of SPL creation are
based upon theoretical methods and a great amount of intuition.
There is a need of sound processes and quantitative models to
help enterprises in their new way towards Product Development.
This is the main motivation for this research.

3. SPL development with HOQ

This research analyzes the ability to apply a design methodology
for mechanical products in the design of SPL. The base
methodology was defined in a project realized in 2002 by the
Design Group of Mondragon University with the cooperation of
the Governing Body of Guipuzkoa (Spain)

During our research, we are focusing our effort in two main
activities. On the one hand, we have been studying the process
itself and the suitability to apply it in Software Manufacturing. On
the other hand, we have been analyzing the importance of the
Voice of the Customers for the analysis and specification of the
SPL. During the rest of the paper, we will explain in depth the
second subject.

3.1 Requirements Engineering for SPL.:
Getting the Voice of the Customer

In the context of SPL, requirements analysis and specification
defines the system to be developed and forms the basis for a
contract between a system provider and a customer. There are a
number of inherent difficulties in this process. As [18], [19] [20]
said, the hardest single part of building a software system is
deciding precisely what to build. No other part of the conceptual

work is as difficult as establish the detailed technical
requirements. No other part of the work so cripples the resulting
system if done wrong. No other part is as difficult to rectify later.

It’s known by all the Software community that the most critical
dimension in Product Development nowadays -and even more in
the future- is to develop the products your customers want.
During the product development, the Voice of the Customer
(VOC) must be accurately defined. Without an accurate and
complete definition of what a customer desires, the rest of the
process is irrelevant.

In Product Development context, requirements specification is
used to formalize and communicate the needs of a real or
hypothetical customer to product developers. This is the forward
flow of information from concept development to design and
implementation. In our research we propose the use of QFD
(Quality Functional Deployment ) to deploy the Voice of the
Customer throughout the product’s design. Specifically, we apply
the first part of QFD: the House of Quality (HOQ).

3.1.1 QFD in SPL environment

QFD is a structured approach for defining customer needs or
requirements and translating them into specific plans to produce
products that meet those needs. QFD can be considered as a tool
for requirements analysis and specification. QFD answer the
following questions:

e What are the features the customers/market desires?

e What functions must the product serve, and what
functions must we use to provide the product or
service?

e Based on our available resources, how can we best
provide what our customer wants?

QFD is intended to be used by multidisciplinary or cross-
functional teams (Marketing, Design Engineering, Finance,
Quality Assurance, Manufacturing, Test Engineering, Product
Support, etc). This is, of course, to add variety, varying
perspectives, and hopefully provide more insight into issues that a
single function team would eliminate or not consider relevant.

All these reasons, allow us to believe that QFD will support the
different perspectives of the multiple customers, so we will use it
to support the analysis and specification of the Product Line
Requirements and to obtain the suitable Product Lines Structure
based upon stakeholders demands.

3.2 Building the HOQ for SPL

The initial step of QFD is determining the voice of the customer
(VOC). There is no one monolithic VOC. Customer voices are
diverse. All these voices must be considered to develop a
successful product. This is accomplished through extensive
market research, or other more direct communication methods
such as surveys, product complaint history, direct customer
feedback, etc. The goal is to find the exact desires of the intended
target group and design to provide these aspects, but still remain
cost effective for the manufacturer as well as the customer. This



understanding of the customer needs is then summarized in a
Product Planning Matrix, or House of Quality (HOQ). We use
these matrices to translate higher level “what’s” or needs into
lower levels *“hows” product requirements or technical
characteristics to satisfy these needs.

In software development different roles are found (customers,
developers, designers, etc.), where each one provides different
needs, with different abstractions levels and with their own
perspectives. We have defined four actors. Each actor has his own
perspective of the product.

e  Customer or Market: this group represents all the
possible clients around the world.

e Enterprise: this group is conformed for all the roles
into an enterprise, who are involved on the
development and commercialization of the product
(Marketing, Design Engineering, Quality Assurance,
Manufacturing, Test Engineering, Finance, Product
Support, etc.)

e  Designer: this is a role whose work is concern with the
implementation aspects.

e Stakeholder: this role groups the previous roles.

When trying to unify all this information and use it in the parts
identification (product structuring), we realize that we need to
pass twice the first step of HOQ. In each step, different actors
play their roles. In each step, we cross different views. In the first
round, we cross customer expectations (customer views) against
product requirements (enterprise view). During this step, a
functional language is used. The result of the first step is a
complete identification of the wished functional requirements for

the LPS. Nevertheless, we must consider that there are
characteristic of a product that affects many others. We call them
"Crosscutting concerns”. Concretely the term “crosscutting
concerns™ talks about the quality factors of the Software System
(security, real time constraints, usability, persistence, etc.). In the
second passage of our method, we establish the correlation
between the requirements obtained in step 1 and the "crosscutting
concerns”. From this step we obtain a quantitative knowledge of
the quality characteristics wished by the users, as well as the
requirements that are affected and in what degree.

It’s interesting to rank the WHATS from the most desired ones to
least desired ones, so we can give precedence to some
requirements. After this step, all the Product Line requirements
are discovered, and we can determinate which of them are
common to all the products and which are specific.

In the next step, the abstraction level is lower than in the previous
step. This time, technical aspects appear. On the vertical axis we
write Product Line requirements (result of the previous step), and
on the horizontal axis we write a first proposal of components.
This proposal is based upon object oriented concepts (abstraction,
inheritance, etc.). The correlation between the proposal of
components and the product requirements allow us to detect the
exceed or lack of components. The components, may be
correlated among them (tiled of the HOQ) based on their
behavior, so we can detect the necessity to optimize this proposal
of components, adding or eliminating some of them. Figure 1
summarizes all the steps.
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Figure 1. HOQ for SPL



4. CONCLUSIONS AND FUTURE LINES
OF WORK

This paper presents a method whose aims to get the best Product
Lines Structure based upon stakeholders demands. This method is
integrated in a complete process for SPL development in an
enterprise context.

The method applies recognized approaches from Software
Engineering discipline such us Object-Oriented principles and
Aspect Oriented Software Development ideas (AOSD).

The essence of the method is not a new idea. It is based on the
work realized in the area of mechanical manufacture. In our
research, we have just analyzed the existing product platform
development methods in the mechanical area and the transference
of this knowledge to Software Product Development. We must
conclude that it’s possible to apply mechanical methods and
process to SPL as long as we complete some aspects like the
adoption of SPL and the consideration of management activities.
Also, it’s possible to apply techniques like QFD with some
adjusts.

As for future lines of work, we think that the application of the
method in multidisciplinary products (i.e. products with software
and electronic components) would seem to be of great interest.
Also, it would turn out interesting to deal with the factor time in
explicit form in the method.
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