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Abstract: - The objective of a software product line is to reduce the overall engineering
effort required to produce a collection of similar systems by capitalizing on the commonality
among the systems and by formally managing the variation among the systems. Hence,
Software Product Line is an effective way to implement software production for mass
customization.
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INTRODUCTION
In today’s industrial and commercial environment all businesses are getting tougher
competition and the customers’ expectations are continuously increasing due to advancements
in technology at an unpredictable higher growth rate. Rapid and constant changes that are very
common to the present business environments affect not only business itself, but also the
production scenarios. Software is perhaps the most fragile piece of business entity in this
digitized business environment, where make or break occurs so rapidly that organizations are
not usually left behind with sufficient time to respond quickly enough for survival. Software
organizations are continuously adopting innovation and improvement plans in major areas of
business operations like technology, administration, process, and product development. Their
major concern is effective utilization of software assets, thus reducing considerably,
development time and cost of software products to capture market segments.
Programmers have always reused sections of code, templates, functions, and procedures.
Software reuse as a recognized area of study in software engineering, however, dates only from
1968 when Douglas Mcllroy of Bell Laboratories proposed basing the software industry on
reusable components.
Jacobson [1] defines software reuse as “Systematic software reuse is the purposeful creation,
management, support, and reuse of assets”. An asset could be any software artifact such as
requirements specification, design, document, and implementation code. Perhaps the most
well known reusable asset is code. Code reuse is the idea that a partial or complete computer
program written at one time can be, should be, or is being used in another program written at a
later time. The reuse of programming code is a common technique, which attempts to save
time and energy by reducing redundant work.
The main purpose with software reuse is to improve software quality and productivity, and
thereby maximize a software development organizations profit [2]. The software engineering
community has had long-standing high hopes that software reuse would be the answer to the
software crisis [3]. A number of software reuse approaches have been presented over the
years. One example of such an approach is the object oriented programming paradigm (OOP).
OOP supports software reuse by techniques known as polymorphism, encapsulation and
inheritance [4]. These techniques help the developer in producing highly modular and to some
extent reusable code. Much research has also been done on reuse libraries [5] [2]. The basic
idea of such traditional software reuse approaches is that organizations create repositories
where the outputs of practically all development efforts are stored. These repositories would
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typically contain components, modules and algorithms that developers are then urged to use.
Unfortunately, it usually takes longer to find the desired functionality and adapting it to current
needs than it would to build it anew [6]. The typical programmer solution to this problem is to
ignore the legacy and build most of the software from scratch. Traditional techniques, which
support so-called small-grained reuse, have therefore proved ineffective [7] when trying to
address the software crisis in practice [6].
Another and more effective approach to software reuse is known as the “clone and own”
approach [8]. When a new product project is initiated using this approach, the development
team tries to find another product within the organization that resembles the current product
as much as possible. The organization then copies (clones) all project artifacts, and modify and
add whatever needed to launch the new product. This approach can yield considerable savings
compared to developing all products from scratch. One drawback with the clone-and-own
approach is however inefficient maintenance. When “cloning” an existing product to create a
new product, its maintenance trajectory is split into two separate paths. This could lead to
considerable additional maintenance costs for the common parts of the products over their
lifespan.
Software product lines are about strategic reuse; this means that software product lines are as
much about business practices as they are about technical practices [9]. Adopting a software
product line approach requires a shift in mind for an organization. An organization must move
from developing single products to developing product families. During analysis several related
products are envisioned together and a design that can capture the requirements of the whole
family must be developed. This means that everything is developed with reuse (within the
family) in mind. This in turn implies that the effort needed for customization of the reusable
assets to fit a new system is largely reduced compared to traditional reuse approaches. Another
benefit of software product line development compared to traditional reuse is maintenance. In
software product line development, products are built on a common platform and all products
using the platform can share maintenance costs of the platform.
The field of software product lines is new enough to offer different definitions for similar
concepts. The SEI has derived a definition from the hard goods industry that brings together the
key intent of these sometimes-competing definitions. We define a product line as “A group of
products sharing a common, managed set of features that satisfy specific needs of a selected
market or mission” [10].
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In this paper, an attempt is made to highlight the concept of Software Product Line along with
its objectives, process model, and benefits.
1. The Concept of Software Product Line
The origins of the software product line can be traced back to [11] program families. Parnas
actually defers to Dijkstra’s paper on structured programming (Dijkstra, 1970) as originating
program families; however Parnas more fully investigates the concept. Program families are
“...sets of programs whose common properties are so extensive that it is advantageous to study
the common properties of the programs before analyzing individual members”. Development of
these families is done using either stepwise refinement or modular programming to postpone
decisions. These decision points would be used to develop different versions of programs. [12]
took the next step toward the modern software product line by introducing the concept of
“domain analysis”. Domain analysis is an “activity of identifying the objects and operations of a
class of similar systems in a particular problem domain”. Neighbours’ domain analysis
approach, the Draco method, relies on high-level problem domain-specific languages that can
be manipulated into executable form. Essentially the domain specific language is used as the
medium to capture the results of domain analysis.
2. Objectives of Software Product Lines
The most commonly stated objectives of a software product lines still relate to the goal of
increasing reuse to decrease time and effort. Some examples of this viewpoint include the
following:
 Product-line development separates the software development process into two separate
life cycles: domain engineering, which aims to create reusable assets, and application
engineering, which fields systems using those assets [13].
 Product line engineering aims to make large-scale reuse a commercial reality - to develop
common or similar functionality explicitly reuse in multiple systems and thus to distribute
cost and effort [14].
 The objective of a software product line is to reduce the overall engineering effort required
to produce a collection of similar systems by capitalizing on the commonality among the
systems and by formally managing the variation among the systems [15].
 The intention of the product line is large-grained reuse of components and straightforward
inexpensive assembly of systems from components [16].
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 In marketing however, product lines have different objectives related to improving branding,
exploiting bundling, and in general, improving the perceived value of each product in the
line. With software product lines, the critical nature of interoperability cause them to
exhibit network effects, whereby the value of the overall line becomes highly dependent on
the number of users of products in the line [17].
 A solely reuse-centred view of software product lines risks attempting to shape the
expectations of the customer to better match the product line rather than shaping the
product line to better match the customer. This is actually referred to in several cases,
though many times not as a risk but rather a deliberate choice:
 Customers now see a benefit (lower cost, greater reliability) to fitting their requirements into
the context of the product line [18].
 Reacting flexibly to customers’ needs gains fewer benefits than actively steering these needs
in a direction where they would be supported by their own product line [14].
 Of course the other consequence is that the customers must adjust their expectations to
meet the reality of the product line offerings [16].
 This approach may lead to placing the firm in a position vulnerable to attack from a
competitor who more accurately matches customer expectations, especially if cost and
reliability are not the primary determining factors in whether they will choose the product
[19].
 Instead of continually reinventing the wheel, or incorporating parts of old systems in an ad
hoc manner, organizations following a product line approach can consolidate their key
software assets within a high-quality, reusable software core, and concentrate their
resources on adopting this core to meet the changing needs of the customer [20].
To address appropriate marketing objectives and general interoperability issues of software
product lines, it is important to examine product characterization.
3. Essential Activities of Product Line
At its essence, fielding a product line involves core asset development or acquisition and
product development or acquisition using the core assets [10]. Formally, product line practice
is defined, as “The systematic use of software assets to modify, assemble, instantiate, or
generate the multiple products those constitutes a product line.”
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Multiple verbs appear in this definition because there are a variety of ways in which the core
assets can actually be used to create products. The production plan would elaborate on which
technique is to be used for a given product line.
The activities of core asset and product development/acquisition can occur in either order, or
(most commonly) in concert with each other. Core asset development/acquisition has been
traditionally referred to as domain engineering. Product development/acquisition from core
assets is often called application engineering. The entire process is staffed, orchestrated,
tracked, and coordinated by management. Figure 1 (Essential Activities of Product Lines)
illustrates this triad of essential activities. The iteration symbol at the centre represents the
decision processes that coordinate the activities.

Figure 1: Essential Activities of Product Lines
The bi-directional arrows indicate not only that core assets are used to develop products, but
also that revisions to core assets or even new core assets might, and most often do, evolve out
of product development. The diagram does not specify which part of the diagram is entered
first. In some contexts, already-existing products are mined for generic assets that are then
migrated into a product line. At other times, the core assets may be developed or procured first
in order to produce a set of products that is merely envisioned (i.e., planned) and does not yet
exist.
There is a strong feedback loop between the core assets and products. Core assets are
refreshed as new products are developed. The potential value of the core assets is realized
through the number of products that are developed from them. As a result, the core assets are
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typically made sufficiently generic by considering potential new products on the horizon.
Finally, both the core asset and the product development/acquisition are themselves iterative,
as illustrated in Figure 1.
Software product lines are not a panacea, but can have colossal impact if properly used. Before
embarking on a product line approach, it is important to understand the business goals and to
develop a business case for choosing product line practices. It is also very important to
carefully scope the product line. A product line that potentially includes too many systems may
need to support an unwieldy amount of variation.
In this section, we have discussed the high-level product line activities in terms of both
development and acquisition of core assets and products. More detail can be found in A
Framework for Software Product Line Practice [10].
4. Benefits of A Product Line Approach
A number of organizations have already gained order-of-magnitude improvements in efficiency,
productivity, and quality through a product line approach. Often even more important than
cost savings is the fact that product line practice enables an organization to more rapidly field
products to satisfy operational needs. For the defence, this factor is key, allowing for the rapid
deployment of new technologies and capabilities to support the war fighter. As Robert
Harrison, Naval Systems Warfare Centre, succinctly stated, “the right answer delivered late is
the wrong answer” [21].
Specific quantified benefits of software product line practice have been reported in workshops
and case studies conducted by the Software Engineering Institute [21]. For example, the
Swedish naval defence contractor, CelsiusTech, reported a reversal in the hardware-to-software
cost ratio, from 35:65 to 60:20 that now favours the software as a result of their software
product line approach for defence ship systems. Hewlett Packard has collected substantial
metrics showing two to seven times cycle time improvements with product line practices.
Motorola has shown a four times cycle time improvement with 80% reuse on their Flexworks
pager product line Cummins Engine realized a decreased time for system build and integration
from about one year to as little as three days in one case. Among other organizations that have
shown efforts yielding equally dramatic product line results are: Thompson-CSF in air traffic
control systems, Alltel in commercial bank systems, Ericsson, Nokia, Lucent, and AT&T in
telecommunication systems, Buzzeo in college registration systems, Boeing in air flight
software, and the National Reconnaissance Office in ground-based command and control
systems for satellites.
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5. CONCLUSION
Software product lines are rapidly emerging as a viable and important software development
paradigm allowing companies to realize order-of-magnitude improvements in time to market,
cost, productivity, quality, and other business drivers. Software product line engineering can
also enable rapid market entry and flexible response, and provide a capability for mass
customization.
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