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Executive Summary

Product family development focusses on systematically developing reusable
assets over time that are used in later projects to achieve benefits in terms of
development effort, time-to-market reduction, and quality improvement. Con-
sequently, the costs from the initial development for reuse are more than com-
pensated by the derived benefits. The initial costs of development for reuse thus
take the role of an investment in later product line benefits [CNO1].

Therefore it is key to successful product family engineering to identify costs and
benefits that are associated with product family development. This provides the
basis for the subsequent optimization of the investment. In this deliverable we
focus on the relationship between costs and benefits and show the implications
and constraints on the associated investment decisions. We present a basic eco-
nomic model, which provides the necessary background for understanding the
impact of investments in a product family. This model enables a systematic anal-
ysis of the product family situation and any consequences of product line invest-
ments.

A key part of any investment decisions is to define the cost implications of these
decisions. Unfortunately, there is no fixed model of product family development
and consequently also no fixed model of product family development costs.
Thus, we provide a reference model for product family costs in this deliverable
together with a collection of the most important cost drivers that we could iden-
tify through expert interviews. This will support the organizations in systemati-
cally deriving product family cost models that are particularly adapted to their
situation.

In order to consistently and successfully evolve the product family infrastructure
a strategy driven from a market point of view is required [KLD02]. This strategy
is needed in order to decide on the appropriateness of an investment and to do
so consistently over time. Thus product family strategy should be the basis for
any product family investment. In this deliverable we show approaches to derive
such a product family strategy and combine it with the most advanced tech-
niques for evaluating the potential benefits of the product family even when
facing considerable uncertainties. As a result, this deliverable provides a basis for
analyzing costs and benefits of product family development and enables to con-
nect these aspects through an appropriate strategy that is optimally aligned with
the existing product family and the company objectives.
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Introduction

1 Introduction

Product family development has been established in recent years as a key
approach to generate considerable benefits in terms of savings in development
effort, shortened time-to-market, and improved quality. These benefits, how-
ever, come at a price: they are preceded by an initial investment in the develop-
ment of the overall infrastructure [CNO1]. Moreover, in order to continuously
evolve the infrastructure and adapt it to the ever-changing requirements of the
product family, considerable investments are required. Consequently, already in
the context of earlier forms of reuse efforts, the understanding was developed
that reuse requires continuous investments in order to keep a reuse effort going
[Lim98, Rei97]. This holds true as well for product family reuse: developing
assets for reuse leads to costs. However, as considerable benefits can arise from
these costs we can rightfully regard them as investments in the future of the
company, if they are appropriately targeted.

In this deliverable we will focus on costs- and investments from a product family
perspective. The basis for any investments in a product family context should be
a product family strategy, as otherwise no consistent decision making is possi-
ble. Forming such an optimal product line investment strategy, requires the fol-
lowing capabilities:

e Understanding the relationship of properties of the product family (and its
development) like product quality, required effort, etc., and the resulting
economic situation of the product line.

e Determining the costs that will occur in a product family situation, their ori-
gin and what will influence their size.

e Understanding product family development strategies and the characteristics
of product family that are required for pursuing it.

e |dentifying the benefits that can be expected from pursuing a specific prod-
uct family strategy.

Additionally, we will provide an approach to deriving measures for characteriz-
ing whether an organization is still on track with its product family strategy.

This report is structured as follows. First we will discuss the basics of product
family development economics, i.e., which are the benefits that can be accrued
from a product family and what is the relationship to specific characteristics of
the product family. We will discuss this in Section 2. In Section 3, we will discuss
product family development strategies. This will enable us to provide a frame-
work for understanding the typical motivations and constraints for investments
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in product families. In this section we will also discuss some approaches for tai-
loring a product family strategies to an organization (both from a qualitative and
a quantitative point of view).

In Section 4, we will focus on the control of the investments that are required
for the product family. A key part of this section is the discussing of a reference
framework that allows to identify the main influencing factors on costs. Addi-
tionally, Appendix B provides a list of the main influences on product family
qualities, in particular, cost.

Finally, in Section 5 we will discuss a mathematically rather complex problem:
introducing future uncertainty in our estimates of product family development
benefits. We need to determine and quantify our strategies in the context of a
high uncertainty. This will influence the benefits that we can actually expect. In
this section we will discuss some of the major approaches for constructively
address this problem.

Copyright © Fraunhofer IESE 2003
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2 An Economic Model for Product Lines

While product development and company strategy are traditionally seen as two
sequential steps, this is no longer true in a product line context. Where in a sin-
gle-system development environment the decision is made which products shall
be built and then they are built in a systematic manner, in an adequately man-
aged product line context the assets built for the product line strongly influence
the further company strategy while not unduly limiting it. This entails that strat-
egy definition, product line planning and scoping, and the actual development
are interrelated to a much higher degree than this is the case in a single-system
context [Cle01, KLDO2].

Thus, in order to understand the constraints on product line investments we
need to understand product line strategy. This will provide the basis for the
investment concepts we describe in this report.

2.1 Types of product line business

An organization is not free in the strategies it may choose. Rather it needs to
choose a strategy which is aligned to its specific situation. Thus, in order to char-
acterize and understand strategies, we first need to characterize and understand
the different types of product line business and starting situations.

A major distinction is whether a product line organization is predominantly
market-driven or customer-driven. In a market-driven situation the systems
are developed by the organization without any contracts. Usually the intention is
to sell the same product to many different customers without further customiza-
tion. On the other hand customer-driven development means that the specific
products are developed for individual customers, i.e., whether a specific product
is developed at all as well as its specific requirements are largely customer spe-
cific. One should note that this does not imply that the product line develop-
ment itself is started due to a customer, it might be a strategic move to start a
product line development for a market, without having a customer, but still the
product development is customer-driven. Further, both types of product lines
may co-exist, as exemplified by MARKET MAKER Software AG, which hosts both
types of product lines [CGKSO1].

The specific market entails certain consequences for the product line, covering

many different aspects ranging from how and when to enter a market to the
number of products that can be expected:

Copyright © Fraunhofer IESE 2003 3



An Economic Model for Product

Lines

* |In a market-driven situation usually fewer products will be built. This is
because each single product will already attract a large number of customers,
thus market-coverage will be reached with fewer products.

* In a market-driven situation a first core product should be fielded soon, as it
is important to gain a significant market-share early on. Thus, this type of
product line lends itself more easily to an evolutionary approach to product
line development [MS02]. For a customer-driven product line the situation is
different as additional customers need additional variants. Thus, once it
becomes visible that the organization provides these products, additional
customers will be attracted that should not be disappointed as the necessary
number of variants cannot yet be built. This is particularly important for
smaller organization that cannot compensate this with man-power. This is
also a point where the risk of competitive entry by a larger company is partic-
ularly dangerous.

e The required flexibility and the foreseeability of the product line also differ in
the two situations. In a customer-driven situation, the risk of “strange”
requirements is particularly high and this also hints in favor of a more evolu-
tionary approach and has implications on the openness of the required refer-
ence architecture.

One should note, however, that the distinction between the two types of strate-
gies is not as absolute as it may seem. According to [KBO1, Pin93] there is cur-
rently a strong tendency towards mass-customization. This implies that custom-
ers more and more expect that products that are offered to the general markets
are adaptable to their needs. This will lead in the future to a much stronger urge
for customizable products.

Besides the basic type of market (customer-driven vs. market-driven) the already
existing situation in the organization has implications on the set-up of the prod-
uct line. In [SV02] we distinguished the basic situations for product line set up:

independent — there is no pre-existing product development hindering or
influencing product line development in any way

project-integrating — projects that conceptually are a part of the product
line do already exist and need to be integrated into the envisioned product
line

reengineering-driven — legacy systems in the domain of the product line
do already exist, but the existing assets cannot be directly used as a basis for
the product line

leveraged — a product line does already exist but only in a partially overlap-
ping domain. Consequently the reuse infrastructure needs either to be signif-
icantly extended or a new infrastructure needs to be developed on top of the
existing one.
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Figure 1:

An Economic Model for Product
Lines

These different situations have a significant impact on the specific product line
adoption strategy as discussed in [SV02]. However, as we focus in this report on
continuous product line management, we will not discuss transitioning here. For
this reason, we will also not discuss in detail any aspects specific to product
development that happen during the transition to a product line approach.

In addition to the these basic categorizations, we can also introduce the charac-
terization of the evolution of the product line over time. If we take this into
account, we see that the amount of change that happens over time and the
variety of systems that are at a given time brought to the market can vary inde-
pendently of each other. Thus, Sanderson and Uzumery [SU97] introduced the
following characterization (cf. Figure 1):

Commodity — A commodity exhibits only little change over time and exhib-
its also only very little variety.

Variety-Intensive — In a variety-intensive situation many different models
are introduced and remain in place over time.

Change-Intensive — Many changes occur over time, however only few
variants are in use in parallel.

Dynamic — A combination of both a variety-intensive and a change-inten-
sive product line. Many variants are build which are released in many versions
over time.

Product-family life cycle

Many £

>
g Varicty-Intensive Dynamic
>
o]
2
=
o 1/
Commodity Change-Intensive
Slow Rapid

Different types of product family life cycles [SU97]
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2.2

2.2.1

Moreover, combinations of the above patterns can occur in a product line. For
example, the pattern can change over time or some products may exhibit pat-
terns than others. This is then called a turbulent pattern.

In addition we can analyze how the markets evolve over time as a whole.
According to Porter [Por99] this can be differentiated into:

e growing markets

e stagnating (or shrinking) markets

e and fragmented markets.

An Economic Framework for Product Lines

In order to adequately understand and quantify the impact of a product line
approach we need to analyze the various factors that are relevant to value gen-
eration in a product line setting. Thus we will describe a model that we will use
as a reference framework of product line economics throughout the remainder
of this report. We will also provide an illustrative example of the potential appli-
cations of this model. In this example we will already provide a glimpse on the
potential for optimization of the economics of a product line.

Product Line Economics Model

We present our model in three steps, where each higher level model (approxi-
mation) can be seen as a refinement and extension of the next lower level
model. This model provides the framework for all further considerations of
product line investments. This ordering is based on the complexity of the funda-
mental concepts from financial theory that are introduced at each level (first
basic cash-flow, then discounted cash-flow analysis (DCF), finally options). This
structure also has the advantage that it can be easily used as a basis for compar-
ison with existing models from reuse economics.

We will start with a first order model that enables us to make explicit the trade-
offs that are involved in analyzing the economics of a certain product line situa-
tion and thus in determining an optimal scope for a reuse infrastructure. In the
second order model we will augment this model with some implications of the
aspect of time and monetary theory in the context of reuse economics. In addi-
tion, in the third order model we discuss the implications of accounting for risks
and opportunities in the context of product line economics. We will also discuss
why only a third order model will truly provide a sound basis for product portfo-
lio scoping [Sch0O0b], i.e., determining an optimal combination of products. In
the remainder of this section we will describe the three levels of our model. In
addition we present in Section 2.2.1.4 an overview of the model.
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2.2.1.1 First Order Model

The basic approach of this model relies on three different, but interrelated con-
cepts:

¢ Development Constraints
o Software Attributes
o Market Attributes

We will discuss the different aspects in this order, as this mostly corresponds to
the direction of influence, i.e., the development constraints influence the achiev-
able software attributes, and the software attributes influence the market
attributes.

Thus, as opposed to other models of product line economics [BS96, MCGZ00,
Pou97b, Wil99a], we are taking a perspective of including the environment of
the company, i.e., the market. The reason is that otherwise an objective valua-
tion of the benefits of product line engineering will not be possible. The exten-
sion from a pure cost to an investment focus is intimately related to this exten-
sion to a market focus.

Development Constraints

In principle, constraints on software development may come in many different
forms. For simplicity of this analysis, we will only differentiate between resource
constraints (which resources are available at which point in time) and process
constraints (how are the resources used by the software development process
and how does this map onto characteristics of the products and process, like
effort needed for the development or resulting software quality). In this section
we will focus on resource constraints; process constraints will be discussed
below in the context of development scenarios.

In the context of modern software development, resource constraints are mostly
personnel constraints. While other constraints like the availability of computing
resources formerly played a role this is nowadays usually not the key problem.
Thus, we can also equate financial resources mostly with personnel resources.
Personnel resources can in turn be characterized along two key dimensions:
their knowledge and their number. In case the knowledge has a key impact on
the process performance, we can distinguish different knowledge types (roles)
accordingly and break up the number of people based on the roles.

For determining the software attributes of a project it is of core importance to
understand the availability of the personnel resources as well as their timing.
Thus, it is rather surprising that in current economic models the resource aspect
is usually not taken into account (e.g., [Fav96, Lim96, Pou97b, Wil99a]). In gen-
eral resource constraints will always depend on time (just like resource needs),
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but in particular they can be due to competing projects. This can result in a
resource squeeze as depicted in Figure 2 (lll). This is particularly important in a
product line environment, as the competing project may be part of the same
product line.

Software Attributes

Software attributes are those attributes of the software or the software develop-
ment process that are relevant to determining the value of a product and thus
of the product line as a whole. The attributes that are discussed most often in
this context are: costs, schedule, and software quality.

In the context of product line development the impact of reuse (both develop-
ment for reuse and with reuse) on these aspects is of core importance. In scop-
ing we aim at optimizing reuse in @ manner that allows to maximize the overall
economic benefit for the organization [SchO0b]. Thus, we need to understand
the impact the scoping decision for a single scope element (e.g., feature) has on
the economics of the product line as a whole.Therefore we will use the perspec-
tive of an individual scoping element in the following discussion. Where neces-
sary, we will make the impact on the product (line) explicit.

We will now discuss each of the following software attributes in turn:
e Cost/ Effort,

e Schedule,

e Software Quality, and

e Development Risk (any negative deviation of the aforementioned attributes)

Effort-related costs are the aspect most models of software economics focus
upon. Thus, we will also provide the most detailed discussion of this aspect here.
If we look at traditional presentations of economics for software development
[Boe81, DeM82], we often see explicit representations of effort (staffing) over
time. Figure 2 (I) (development without reuse) shows a qualitative representa-
tion of this. In the context of our discussion we will use this distribution qualita-
tively. The details of a quantitative model will actually depend on many different
factors: the implementation technologies used (e.g., encapsulation of the to be
reused assets), the way the reusable asset is developed and integrated into the
reuse infrastructure structure, the details of the process, etc.

It is important to emphasize that in our discussion we focus on the cost of devel-
oping individual elements of the scope in a reusable vs. a non-reusable manner.
In practice project cost is usually not fully attributable to individual scope ele-
ments, i.e., features, as activities like project-management, coarse-grained
requirements-/domain analysis, integration or system test are performed on a
larger level. Thus, if a detailed modeling of the overall effort and the impact of
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reuse is required, a role-specific modeling of the efforts is needed. However,
especially if the scope elements are rather coarse-grained, this is a rather accu-
rate approximation [Boe81, BCH+95]. This description of project costs as a com-
position of feature/component costs is rather common in effort modeling. Thus,
in the remaining discussion we will make the approximation that all effort can
be attributed to individual components, while this may be somewhat inaccurate.
Also for small features that can be developed by a single developer, the effort
distribution will simply be a constant for the time required for implementing the
feature.

Independent of how exactly an effort distribution looks like, two attributes are
of prime importance: the area under the curve, which represents the total effort
(costs) and the point where the curve reaches zero, which corresponds to the
time when the feature is actually finished (schedule).

When focusing on the impact of reuse on the schedule, we see that even if we
assume that development for reuse’ leads to a cost overhead of 30%, this does
not necessarily relate to a longer development time of 30%. Rather, the actual
delay incurred by development for reuse depends on the available resources.
This is shown in Figure 2 (I)—(lll). While the effort is always 30% larger (larger
area), the development time varies between an additional 10% and 50%. Thus,
we see that schedule (and thus time-to-market) aspects cannot be treated as a
function of effort as is usually done by economic models. Taking into account
resource constraints actually introduces a separation of effort from schedule
aspects. However, if our scope element has the size of a single-person work allo-
cation, people are not shared among feature-developments, and a constant,
low number of people is available, we get the advantage that cost and schedule
overheads are directly proportional again. Actually, the approach of assigning
features across multiple products to individual developers or a small group of
developers seems to be a preferable approach in the context of product line
development for other reasons as well [SchO1].

The dependency on constraints is the main reason why we do actually discuss
costs as cost distributions over time as opposed to mere cost numbers as is the
case in other economic models [BS96, MCGZ00, Pou97b, Wil99a].2 While the
distributions in Figure 2 show only effort, other issues are important for costs as
well, like hard- and software, training, etc. This could be included in the distribu-
tions in Figure 2.

1 Note, that the function of effort with reuse is slightly differently shaped because we assumed that in the
context of reuse the effort distribution is more front-loaded due to the need of more up-front analysis.

2 While often (e.g., for discounted cash-flow approaches) the functions are discretized in years, this is not
used as a basis for a discussion like the one we provide here.
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Figure 2:

Figure 3:
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The Relation of Effort and Time-to-market

The discussion we provided so far focussed on the effects related to the devel-
opment of a single product/feature. However, we are predominantly interested
in the economics of a complete product line. For the purpose of this analysis, we
need to determine the effort distribution for reusing a feature (respectively all
the features in a product). Here, we make the approximation that the effort dis-
tribution for development with reuse is similar to the effort for development
without reuse, albeit smaller. Based on this assumption Figure 3 (I) gives an
effort distribution with unconstrained resources for developing a product line.
Figure 3 (I) maps this to an aggregated representation of the effort for develop-
ing a product line [WL99].

Application

Staffing
Total Effort

Domain

; i Domain
Engineering Engineering
Time Effort T 1T 1T T TTime >
Product releases
(1) Product Line Development — Staffing (I) Product Line Development — Effort

Product Line Development — Effort and Staffing
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Actually various different approaches for integrating reuse in a product line are
possible (e.g., incremental incorporation, up-front investment, and so on). Each
of the different integration paths has a different impact on the economics of
product line development. In Section 2.2.2 we will discuss the influence of the
different development scenarios further.

As defined in ISO 9126 [ISO98] there are six main types of software quality. Each
of these qualities is in turn refined into several sub-qualities. It is generally
assumed that product line development (reuse) has an impact in particular on
reliability and maintainability. For reliability it is an open research problem to
determine the exact impact [Fre00] as most approaches to determining reliability
are based on evaluating the end product and do not take a process perspective.
Only few approaches, e.g., [Chu99, RCL99, ZP0O0] aim at determining this
impact up-front. However, none of these has been applied to the situation of
product lines so far. The situation is similar with regard to maintainability. While
first quantitative analysis of the effect of product line development on mainte-
nance effort exist [SM99], we could not yet find any predictive models that
would be applicable to predict the impact of product line development on this
attribute.

Another important software attribute which is influenced by product line devel-
opment is the reduction of development risk (projects become better controlla-
ble). While this has been the driver for some organizations to adopt product line
development [BC96] altogether, it has to our knowledge not been studied inde-
pendently in the context of reuse economics. While several forms of risk can be
differentiated, the predominant form in this context is the risk of effort/schedule
overruns. In case the effort models also describe the uncertainty of the estimate,
monte-carlo simulations can be used for determining the probability of cost/
effort deviations [BEB98] and the connection to market attributes that is estab-
lished by our model allows to value them in an objective manner.

In Figure 5, the box software attributes gives an overview of the interactions
among the different software attributes.

Market Attributes

As opposed to traditional reuse economics models [Lim96, Wil99a, MCGZ00]
we include the market perspective in our model. Actually, we will differentiate
two main forms of markets: customer-driven, i.e., systems are produced for spe-
cific customers and market-driven, i.e., systems are produced for the mass mar-
ket.

The reason for introducing the market perspective is that cost is only one out of
many aspects that influence the economic value of a product line. The various
software attributes we mentioned may impact the economic value and thus the
benefit of an investment both positively and negatively. In order to integrate
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these different influences we go back to the market to find an answer to the
valuation problem. The approach we use is to value the attributes through their
impact on revenues. This allows to bring the whole scientific knowledge of mar-
keting science and economics to bear and is a major refinement of other
approaches like attribute weighting in QFD [Coh95] or utility functions [Wym93]
as these approaches rely on purely subjective evaluations.

However, the software attributes do not directly influence the market. They are
mitigated and augmented by market attributes. A market attribute is any aspect
of the product line in the market that has an impact on the value of the product
line. We will now discuss some market attributes and their impact on revenues
(in braces we give the software attribute with the strongest impact):

e product entry timing (schedule)

e perceived product quality (software quality)
e product functionality

e pricing (limited cost)

e product competition (internal and external)

These attributes are always related to software attributes, but there is always a
gap that is determined by the company strategy.' For example, the start of the
development plus the schedule gives a lower bound on the possible market
entry, but it may be further delayed due to a strategic decision [WN89]. Simi-
larly, the price is influenced by the cost, but not fully determined [DK88], this is
especially true in the context of market-driven software development as here we
have the possibility of recovering the prive over a large number of copies. For
the sake of simplicity we will neglect this distinction for a moment and will dis-
cuss the influence of attributes on the revenues directly. Note, however, that we
will not discuss cost, as the pricing is a highly strategical decision in market-
driven development, were either a strategy of high prices combined with low
volumes or of low prices combined with high volumes can be used (or different
strategies for different members of the product line). In the case of customer-
driven development the price usually corresponds more closely to the costs.

In practice it has been recognized that time-to-market issues can actually domi-
nate cost issues, i.e., a slightly shorter time-to-market may have a much higher
impact on the overall cash-flow of the company than a cost reduction. Some
typical revenue functions are shown in Figure 4 (cf. [SU97]). Depending on
whether the market is mature or not the graphs will look very different. Conse-
guently, the benefits of a product line will vary as well. A special case is shown
in Figure 4 (lll), which depicts the case for a product that relies on another event
(e.qg., fielding a new version for a new operating systems version).

1 For a discussion of strategic aspects see Section 3.
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Figure 4: The Relation of Revenues and Market-Entry

Strongly related to the time-to-market issue is the aspect of development risk. If
we equate this risk with the possibility of schedule overruns, this will result in a
strong reduction of revenues in an innovative market (less so in a mature mar-
ket). The value of development risk reduction can thus be equated with the
expected loss in revenues’. Similarly, for customer-driven development we can
equate the value of the risk with any corresponding liabilities.

The relation between the (perceived) product quality and the revenues will
depend on the actual market situation for the products. For example, the quality
impact will be different for an Office-product than for an embedded, real-time
system. In the context of products like Office, the value of quality is directly
described by the difference in revenues, while in high-reliability markets a direct
valuation through the value of any liabilities might also be possible. If the value
is expressed by the difference in revenues, it is important to take into account
that we explicitly say here that this depends on the perceived product quality,
which may differ substantially from the real quality.

Also, the overall revenues (typically through a pricing relationship) will be influ-
enced by the product functionality that is available. The impact of product func-
tionality on desirability of products has been extensively studied in marketing
science [GK85, MZ88].

Obviously, the absolute revenues that can be achieved will also depend on the
demand and the competition. While demand and external competition are out-
side of our control, the internal competition, i.e., the competition from other
products in the same product line is within our control. This will be discussed
further in the Section "Third Order Model".

While all the market attributes discussed above like functionality, quality, com-

petition, timing, but also the software attributes like costs will influence the
actual pricing, this aspect is especially important for market-oriented software

1 Development risk is actually a probability distribution, thus it is meaningful to define the expected value of
revenue loss.
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development driven by strategy (do we expect to sell high volumes with low
prices or do we expect to sell low volumes with high prices) [Ste91]. Thus, there
is no direct connection among these attributes. However, they provide con-
straints; e.qg., costs determine the amount of money we need to recover through
sales, the other factors determine the price a customer might be willing to pay
[DK88, KVC96]

The key point is that the specific mapping of software attributes to market
attributes is of core importance to the economic evaluation of the product line
and must be performed in a context-specific manner. In particular, we must not
equate software and market attributes. This is particularly well illustrated by the
aspect of software quality: the perceived and the objective software quality may
strongly differ (e.g., as a result of good advertisement and branding). However,
ultimately the real quality imposes constraints on the perceived quality. Often
the mapping will vary strongly depending on the specific product, i.e., it will be
different for different products in the product line (e.g., pricing). Marketing sci-
ence developed approaches to determine objective valuations of product
attributes [Deal.

We can summarize our product line economics model as follows (this holds in
principle for the first order as well as for high order models): in order to deter-
mine the worth of a product line, we need to understand the resulting revenues
and costs associated with it, as well as the coupling among the two. Costs are
determined mostly by the software attribute effort, the other software attribute
are mostly relevant as factors that influence certain market attributes (e.g., soft-
ware quality impacts perceived software quality). The market attributes in turn
are mostly relevant due to the fact that they influence the ultimate revenues
that can be gained (e.g., product entry timing impacts the overall revenues).
Thus for valuing a certain product line development scenario we need to con-
struct the dependency graph of these valuations for the specific situation in a
bottom-up manner.

The interrelation of the different software and market attributes in the first
order model is described in Figure 5, Box first order model.

2.2.1.2 Second Order Model

14

While in the 15t order model we needed the aspect of time only to represent the
impact of the attributes of schedule (and development risk), respectively market
entry timing and possible late entry, it is on this level required for all attributes,
as we introduce fiscal ideas in the model.

So far we did take the numbers (e.g., revenues) at face value. In the second

order model we introduce an aspect called time-value of money into the analy-
sis: money earned (or spent) now is worth more than money earned (or spent)
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later. This leads us to discounted cash-flow analysis [Fav96, Lim96,
Pou97b,MCGZ00, Wil99a], i.e., we need to discount all cash flows by a certain
percentage depending on the point in time when they are realized. The specific
percentage depends on the organization, especially on the interest rate the
organization needs to pay on the capital market.

In our approach we can accommodate this rather easily by discounting all func-
tions related to cash flow accordingly. These are only the cost and the revenue
functions. All other attributes are valued relative to these (e.g., quality impact on
revenues) and are thus valued appropriately. In this way the result is automati-
cally adapted and leads to a discounted cash-flow analysis.

2.2.1.3 Third Order Model

While on the previous two levels we presented the economics as a straightfor-
ward evaluation of the possible situations (making a feature reusable vs. making
it system-specific), we can also include the evaluation of alternatives that are
provided to us through reusability itself and the effects this has on the value of
the product line approach. This is extremely important in the context of invest-
ment decisions like product portfolio scoping [Sch00b], as there we aim at iden-
tifying the optimal product/feature-mix so that the benefit to the organization is
maximized. This has been addressed from the marketing perspective as the
product line selection problem [GK85]. However, we go a step further then
these approaches and include the interaction with the software development
situation.

Related to this is also the evaluation of possibilities like changing certain devel-
opment plans due to evolving risks in the process, which is exemplified by the
approach used by Withey [Wit96] or accounting for options [AK99, FFF98]. A
particularly interesting example of such an option is the case that additional
products may be introduced into the product line that would not be economi-
cally producable without the reuse infrastructure. However, on the other hand
fielding more products may lead to a cannibalization effect in the product line
thus changing the revenue curve [MM94]. We will illustrate this aspect in our
example in Section 2.2.3.

At this level feedback cycles can also occur that lead to modifications in the soft-
ware development plan. For example, adding another product or discontinuing
a certain development path changes the resource availability and thus the con-
straints. However, in the context of this analysis the feedback cycles related to
the creation of options are of key importance (cf. Section 5).
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Interrelationships of different aspects in the product line economics model

2.2.1.4 OQverview of the Model

In the preceding sections we gave a step-wise introduction of the model of
product line economics we proposed. An overview of the model is given in

16
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Figure 5. In this figure the second and third order model seem to be much sim-
pler, however, one should not forget that they rely on the aggregation of the
various attributes in terms of the main attributes costs and revenues. Thus, these
higher order models implicitly refer to all the market and software attributes.

In this diagram certain attributes (e.g., product portfolio) are understood as con-
stants in the lower order models. For this reason they are placed at a higher level
and the relationships are marked as higher order. Further, we did put the com-

pany strategy and the external competition outside of the model. These are seen
as independent input to the model and beyond its explanatory power.

In the third order model we do also make explicit the notion of an option. While
the scenario-based approach directly supports the evaluation of alternatives,
options make explicit the value of flexibility wrt. the uncertainty of the products
that will be developed. (Note, that this is different from the internal uncertainty
as given by the notion of development risk.)

The way, the model is given also shows the bottom-up evaluation approach for
which it provides the basis (cf. Section 2.2.2). Basically, any evaluation starts
with the product portfolio and the reuse scope derived from this (plus external
entities). This is then propagated to the market level and then upwards until the
third order cash flow scenarios can be derived.

2.2.2 Applying The Model

We will now discuss in more detail how our model of product line economics
can be applied in practice and will illustrate this and some of the ramifications of
this model using a concrete example.

2.2.2.1 Scenario-Based Evaluation

So far, our discussion focused on an overview of the factors influencing the
value of product line development, respectively a certain asset scope. However,
what does it mean to determine an optimal scope and how can this be done
according to this model? For the sake of this discussion we introduce the notion
of development and product line scenarios:

e A product line scenario is characterized by a product development plan that
describes which products with which features should be fielded at which
point in time. In particular, a product line scenario determines a product port-
folio.

e A development scenario is given by a partial ordering (which may include
parallelism) of development activities, that will lead to the development of a
product line. These activities can in principle be any kind of software develop-
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ment activities, in particular, adaptations of software (e.g., re-engineering),
inspections, etc.)

Thus for each product line we want to develop we may want to analyze differ-
ent product line scenarios, possibly connected through options (cf.

Section 2.2.1.3). For each product line scenario several development scenarios
may exist. In this interpretation optimal scoping means selecting product line
and development scenarios simultaneously in such a way as to maximize the
resulting cash-flow scenario.

The activities in the development scenario can be specified both with respect to
their phase (e.g., analysis, implementation, etc.) as well as the sub-functionality
(e.g., feature) they are referring to. Thus, we can define scenarios like:

1 First develop features fy, .., f, as reusable assets, then develop 1',,,7, .., 'm7
especially for product p; and 7,4, .. ,f"> especially for product p,.

2 Develop the products independently, i.e., develop specific implementations
of fl7, . f,m7 and f”7, .. f”mz.

If the different functions for software and market attributes are known, as well
as the constraints, it is in principle possible to derive an objective measure of the
economic value of a scoping decision to develop reusable assets encapsulating

features f4, .., f,,. However, the approach goes even beyond merely determining
the asset scope. It can also be used in order to address the question of how to

introduce a certain asset into a reuse infrastructure. If we look at a single feature
that is supposed to become reusable, we have at least the following possibilities:

1 We can develop it as a reusable feature and then reuse it in both products.

2 We can develop it specifically in the context of the first product, then extract
it, make it more generic, and use this as the basis for later products as well as
for future versions of the first product.

Obviously, the second version will usually be more expensive. However, as it will
often be more effective in terms of time-to-market for the initial product, it is
often chosen in practice as a form of incremental product line introduction
[Coh01]. Thus, at this more fine-grained level of analysis, we have to take into
account the process constraints as well. Using a simulation approach based on
the described concepts could provide a basis for analyzing these trade-offs in
detail. Effectively performing such a set of simulations would provide us with a
portfolio of development scenarios as well as the economic benefit that can be
expected from them. Simulation approaches have already been used for analyz-
ing a wealth of questions about software development [KMR99]. However, they
have to our knowledge not yet been used as a basis for identifying the optimal
product line scope. Further, such approaches have only rarely been linked to
explicit models of the market. Rather they were restricted to models of the soft-
ware attributes. In particular, in such a case we would need to perform the sim-
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ulations on a rather fine-grained level and would need to analyze a rather large
number of scenarios. However, this approach would provide the most objective
basis for asset scoping, and would allow in an integrated manner the derivation
of an accompanying product line development plan and business case.

2.2.3 An lllustrative Example

Let us now illustrate the concepts we discussed so far in terms of a small exam-
ple. In particular, this will describe how third order feedback loops add a level of
understanding of product line economics that cannot be achieved without tak-
ing them into account. Moreover, the example illustrates how the feedback
loops can alter the overall result considerably. Consider the revenues and invest-
ments as given in Table 1. This table illustrates the application of our product
line economics model to the definition of a business case (this is sufficient to dis-
cuss the principles, the application to scoping would require additionally the
comparison of different reuse scopes). Note, that we introduced different reve-
nue columns depending on whether we will build three or four products. This
distinction is already a tribute to a third order model. While the overall revenues
can be expected to be higher, the per product revenues are expected to be
lower due to some cannibalization of revenues among the products that can be
expected to occur. The table also gives per product the cost of development
with and without reuse and the investment necessary for reuse. As can be seen
the reuse savings are independent of the number of products. We will now dis-
cuss the question of whether or not to develop the product line (and which
products should be part of the product line) using our model:

Our first product line scenario is to develop only the first three products. The
first corresponding development scenario is to develop the three products
without reuse. In this case we can expect a return of $1.1 Million (revenues —
development cost without reuse for first three products). The second devel-
opment scenario is to develop the first three products with reuse. This leads
to a return of $0.6 millions.

Turning to the product line scenario of developing all four products, we
immediately see that developing all four products without reuse does not
make sense economically, as for the fourth product alone development costs
without reuse are hi?her than expected revenues. Thus reuse is not the ade-
quate strategy here.' So we turn to the development scenario of developing
the four products with reuse. Depending on the kind of model we are using,
two different evaluations will be made. Using the first order model, we
would still use the revenues in the “three product column”, as this does not

1 However, what we skip here is the influence of reuse itself on the software attributes, that may lead to
differences in the market attributes and thus may influence revenues. For example, earlier product delivery
or higher quality may lead to higher revenues in the context of reuse.
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Table 1:

account for feedback cycles of the developed products and thus for product
line cannibalization [MM94]. In this case we arrive at overall benefits of $1.3
Million, making this the preferred scenario. However, if we use the corrected
revenues in the four product column, we arrive only at a benefit of about
$0.7 Million. Thus, developing only three products without reuse is actually
the most beneficial scenario. This kind of insight can only be achieved using a
third order model which integrates this kind of marketing knowledge. (How-
ever, in our example, we did not account for options, which may also be part
of a third order model.)

This shows that including third order aspects, like feedbacks from the possibility
of developing different products, may lead to profoundly different decisions.
Similar scenarios can be constructed e.g., for moving from a first order model
that focuses merely on software attributes (as typical reuse economics models
do; cf. Section 1) to a first order model that includes market attributes as well. In
the latter case, in particular the introduction of time-to-market can significantly
alter the decision making situation.

Product Revenues Revenues Reuse Development | Development | Reuse savings
[Million $] | [Million $] |investment|cost with reuse|cost w/o reuse|in product dev.
(3 products) | (4 products) | [Million $] |  [Million $] [Million $] [Million $]
Reuse Inv. — — 35 — — —
Product 1 2.0 1.7 — 1.0 1.8 0.8
Product 2 2.4 2.2 — 1.2 2.0 0.8
Product 3 3.5 3.4 — 1.6 3.0 1.4
Product 4 (1.5) 1.5 — 0.8 1.8 1.0

Applying the Third Order Model to the Optimization of Product Portfolio

2.2.4 Relation to other Models

20

Economic analysis of reuse is not a new topic. Rather, already a plethora of
reuse economic models exist and also a large number of surveys and categoriza-
tions of these models were developed [Fav96, Lim96, MCGZ00, Pou97b,
Wil99a]. Our model is not meant like these surveys as a basis for comparing dif-
ferent models of reuse economics. Rather, we will stay at a more abstract level
and simply compare different areas of research that are relevant to product line
economics with our model, reuse economics just being one of them.

The different fields we will be looking at are:
® reuse economics
* marketing science

e product line planning approaches from classical engineering
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2.2.4.1 Reuse Economics

Most approaches to characterizing the economics of reuse come from a compo-
nent point of view and build on that to finally reach a corporate/product line
viewpoint [MCGZ00, BS96]. This is opposed to our approach which has been
developed purely from a product line level perspective.

If we look at the aspects that existing reuse economics models cover [MCGZ00,
BS96, Favae, Wil99a, Lim96, BCH+95, Pou97b, Pou97a, EMT98], we see from
Figure 6 that actually a rather large area seems to be covered. However, a closer
look reveals that most models focus only on the cost aspect and are either on
level 1 or 2. Examples for a level 1 model would be the payback-model as pre-
sented in [Fav96]. Level 2 models are actually rather common: examples here are
net-present-value (NPV), incremental-rate-of-return (IRR), profitability index (PI),
etc. Using Figure 6 as a reference, we can say for example that NPV as described
in [Lim96] is located in the cost column on level 2. Similarly, using the more fine-
grained Figure 5 as a reference, we can say it covers: reuse scope, development
scenario, cost, discounted costs, and the second order cash flow out of the com-

plete model.
SW attributes Market attributes
costs : other
our model of
product line
m .
= economics
>
9
[a\]
g
9
o
>
9
Figure 6: Coverage of our Model by other Approaches

Only few models actually try to include other aspects as well. Poulin includes in
his model of product line economics [Pou97a] the notion of the value of quality,
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however, this is then only operationalized in terms of maintenance effort.
Another example is the model described by Mili et al. [MCGZ00]. They mention
their goal to include the time-to-market (TTM) aspect, but admit that they did
not yet achieve this goal. However, from our point of view an adequate valua-
tion of TTM is only possible, if the market is included. Actually, it was this kind
of problems that initially lead to the expanded model of product line economics
we present here.

Finally, in terms of level 3 models, there exist only very little work so far. The only
examples so far are the work by Withey [Wit96] and Favaro et al. [FFF98]. These
models introduce decision tree analysis, an approach for the comparison of dif-
ferent staged investment scenarios, and contingent claims analysis, which addi-
tionally includes the aspect of option valuation.

However, none of the models addresses the explicit feedback loop that was
motivated through the market impact the introduction of a new product might
have on the revenues. This is due to the fact that only software development
internal aspects are taken into account by them when discussing reuse econom-
ics. This is the case despite the fact that some approaches only discuss revenues
and costs in general terms without explicitly referring to the market.

2.2.4.2 Marketing Science

In this area the analysis of optimal product lines has been a quite active field for
some time. This did culminate in explicit optimization approaches [GK85,
MZ88]. By nature, these approaches focus on market attributes. While they
include a certain amount of accounting for profitability of products they do not
explicitly address the correlation of software attributes (except for cost) and are
in particular not able to handle any reuse aspects. On the other hand these
approaches usually address explicitly the interaction among products and the
change of the product line portfolio. Thus, they must be classified as a combina-
tion of level 1 and level 3 models.

2.2.4.3 Classical Engineering Approaches

22

Another area that can contribute approaches to understanding product line
economics are the planning approaches from classical engineering. However,
even in this area there were few approaches that we could find. First of all, there
is quality function deployment (QFD). While mostly applied for single system
development, it can also be applied for product line planning [Coh95]. QFD is
inherently a purely qualitative approach, which aims at bringing together the
different stakeholder views (from customers and developers) and bases product
planning and development on their consensus.
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Quantitative approaches are described by Robertson and Ulrich [RU98] and
Esqueda [Esq98]. In particular the approach by Robertson and Ulrich is interest-
ing as it combines the viewpoint of revenues with the cost side. It also addresses
to some extent the desirability of features from a customer point of view. How-
ever, the approach is highly informal, relies on stakeholder experience, and does
not take into account level 2 and 3 aspects.

2.2.4.4 Summary of Relation to other Models

To summarize one can say that different parts of our model were already
addressed by approaches in different fields of science, however, these areas are
mostly non-overlapping and actually sometimes do not have a common denom-
inator. Further even if seen in their completeness, they leave a large area uncov-
ered so far.

It is one of the contributions of our model to interrelate these existing items of
knowledge and to clarify how it is possible to benefit from different existing
fields of research. Additionally, the model highlights many interactions that have
so far not been intensively covered and that need further work in order to fully
understand them. Especially, if we want to introduce appropriate aspects like
time-to-market into a quantitative evaluation of a product line business case.

However, we do not want to imply that all evaluations of scope or a business
case need to be made with approaches that fully cover our model — this will
often not be possible. Actually, an analysis that is based on a NPV-analysis of
software production costs may in many cases be just right. But at this point our
model can be consulted to get a better understanding of the aspects that are
included in the product line valuation and what aspects are excluded and what
kind of deviations from a full analysis this may result in.
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Defining Investment Strategies

In the preceding sections we discussed the basics of software product line devel-
opment. This characterization basically holds independently of whether the spe-
cific company we are looking at is a pure software company or a systems devel-
opment company in which the software is only part of the overall development.
In the later case the external constraints are simply mitigated through system
development and only in cases where the software part is not a critical element
in the system development will the situation be slightly different. But as in these
cases the software product line strategy will not have key importance, we can
safely exclude this situation from further consideration. This is especially the case
as software becomes more and more the key part of embedded systems devel-
opment in practice [ESR2002].

The existence of an adequate strategy is extremely important even in situations
where products are developed one at a time and form a product line only from
a marketing point of view [Por99, KBO1]. It is even more important in case a
software product line is set up or already under development, as software prod-
uct line development is particularly powerful in case this is decided right from
the start. Thus, integrating software product line development into the overall
corporate strategy is a key issue for any organization running a software prod-
uct line initiative.

Classifications of Strategies

Many different meanings are often associated with the term ,Strategy”. So
before we discuss in more detail approaches to derive such a strategy, we first
need to define what exactly we mean with a strategy in the context of this
report. As we are analyzing strategies from the point of view of software prod-
uct line development, we are focusing on these aspects and types of strategies
that are relevant to actual software development.

Growth and Innovation Strategies

A key distinction that can be made is between a growth strategy and an
innovation strategy:

e Growth strategies are obviously the most common. Their bottom line is that
they focus on , getting more of the same”. Most traditional companies oper-
ate on this assumption. Actually, any form of continuous development
always goes back to this approach.
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* Innovation strategies are much rarer. In its extremest form some venture cap-
ital companies operate on this basis, however, they rely on external innova-
tion. The key to innovation strategies is that they focus on introducing new
concepts (unknown at the point of strategy formulation) into the product line
over time. If such a strategy is pursued by an organization, it is usually within
the bounds of a growth strategy (e.g., car companies seek for innovations for
their new cars to provide them with unique selling propositions).

Both types of strategies are in principal relevant to software product line devel-
opment. The classical concept of a growth strategy maps particularly easy to
product line development. Thus it is typically associated with a product line.
However, the concept of leveraged product line adoption [Cle01, SV02] can
often match to an innovation strategy as first a new type of product that
exceeds the current limits of the product line must be developed. However,
guidance on innovation strategies is scarce, it usually boils down to so called
.research management” operating under the assumption that having a
research unit will lead to innovation. This current lack of innovation support
leads us to focus on growth strategies.

Business Models and Their Influence on the Strategy

The way a company is doing its business also has an impact on its product line
strategy. A key distinction here is the question whether the products are aimed
at individual customers (customer-driven) or whether they are focused at broad
markets (market-driven). This does strongly influence certain characteristics of
the product line itself and thus also the strategy used for its development. A
market-driven product line usually has a much lower number of variants that are
simultaneously active. Here ten variants is often already a high number. On the
other hand this is actually a small number for a customer-oriented product line
as it would imply that the organization only has a total of ten different custom-
ers. On the other hand we found cases with customer-oriented product lines
where even more than thousand variants had to be produced.

This distinction also impacts the type of variation that occurs most frequently. In
a market-driven product line most differentiation originates from the sales strat-
egy, thus we often find the typical low-range, mid-range, and high-range prod-
ucts. This is a typical situation dominated by optional variation. On the other
hand, the situation in a customer-specific product line is different insofar as here
we often find that features are treated as alternative.

Other influences on the strategy originate from different sources [SV02, BHJ*]:
e Overall size and complexity of the products

e Are these software-only products? If not, are they embedded? Are they bun-
dled with consulting?
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e Entry points: whether the product line was built from scratch; whether it is
based on previously unrelated products; or whether it is built on reengi-
neered software? However, this is mainly important for the transition strat-
egy of a product line, not so much for the strategy of evolving the product
line.

However, these points have less of an impact on the strategy, thus we will not
discuss them in detail here.

Types of Strategies

According to Porter [Por99] it is possible to differentiate three main types of
strategy:

e (Cost leadership — the company aims at providing the product at the lowest
possible cost

e Differentiation — through a certain feature (e.g., service, brand name, etc.)
the company sets itself apart from the competitors

® Focussing — the company focuses on a specific niche

Surprisingly enough, while product lines focus on the support of variation,
according to this categorization they mainly contribute to cost leadership. How-
ever, product line development can also be employed to contribute to the other
two strategies. For example for differentiation it can be used to set the company
apart from other competitors by offering a wider portfolio of products. It can
also be used to provide a coherent look-and-feel throughout a whole range of
products by regarding these products as a set of products. For the focussing
strategy product line even offers the possibility that the company can offer
focussed products even for a number of niches. However, care needs to be
taken not to misinterpret the strategy in this context, as still the organization
with all its functions needs to be able to adequately address these niches.

A slightly more detailed differentiation of strategies is given in [KBO1]. The
authors describe the following types of strategies, the first three can be seen as
refinements of the differentiation strategy:

* /mproving — The company improves in certain aspects (from the point of
view of the customer) over the offerings of its competitors. This may include
cost improvement, quality improvement, accompanying services, breadth of
possible products and so forth.

e Newer — The ideas made available by the producer are new to the market.
This implies that the company is strong on innovations, i.e., that it has good
innovation strategies.

e Faster — New possibilities are made fast available to the customers. As
opposed to the previous strategy, this does not necessarily mean the com-
pany is the inventor of these concepts.
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e Cheaper — This strategy corresponds to cost leadership as defined by Porter
[Por99].

According to this description of strategies, we see again a strong contribution of
product line development to the strategy “cheaper”. But product lines contrib-
ute to the faster and the improving strategy (in terms of large set of product
offerings and improved quality).

In principle, we can always attribute a number of product line development
goals to a certain strategy. However, a company will always pursue a mixture of
the above-mentioned strategies, but one of these strategies will always have the
lead. Consequently, also the different development goals will have different
weights. We give here a possible mapping of strategy types and product line
development goals:

e (Cost-Leadership/Cheaper: of course cost and in particular cost over the
future products is a key goal here.

e Differentiation: depending on the differentiation criterion different goals can
be particularly important:

— Sub-goal Faster:

e Time-To-Market: being the first on the market with new features/prod-
ucts can be an approach to be regarded as technology-leader

— Sub-goal Improving:
e Quality: product line development can be used to improve the overall

product quality through reuse. Thus used appropriately, it can be
employed to differentiate through high quality

e Look and Feel: product line development can be used to differentiate
either through having highly customizable and differently looking prod-
ucts. This is especially the case in customer-driven product lines. Prod-
uct line technology can also be used as a basis for generating a cohesive
look-and-feel. This is relevant in the context of product suites like
Microsoft Office or HP Openview [BHJ*].

e Mass-Customization: product lines enable an organization to more spe-
cifically target the individual customer [Por99, KBO1].

e Focussing: here the ability of product lines to support the development of
multiple alternative products, i.e., the flexibility is key. Especially, the ability to
maintain a large number of variants with only little extra effort.

This provides a short overview of the different types of strategies and the contri-
butions product line development can make. An investment in product lines
should be evaluated agains the subset of those goals that are part of the com-
pany strategy.
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Overview of Approaches to Strategy Definition

Many different descriptions of approaches to defining product strategies exist.
However, some common principles provide a basis for them. A key starting
point for all of them is the identification of a basic point of view from which to
address the market.

Overall a product line strategy can be characterized based on the following
three aspects (based on [Bey01, SU97]):

e Market segmentation — which market segments are identified and which of
them are actually targeted by the organization.

® Product evolution — which product variants are produced, when are they
introduced into the market, when are they retracted from the market, etc.

® Pricing policy — which prices are associated with the products.

The first of these aspects is market segmentation [Por99, KBO1]. Many different
criteria for such a segmentation exist. Examples are technical criteria, personal
traits of customers, size of the company, ethnical characteristics, and so forth.
An optimal segmentation can be identified by analyzing the potential customer
base and applying statistical techniques [KBO1]. Selecting a specific segment and
addressing it is actually more difficult. This choice is at the core of any strategy.
It is difficult to provide a specific process for this step, as this step needs to be
dealt with in integral manner together with the other two aspects. However,
various approaches (both qualitative and quantitative) assist in this step (cf.
Section 3.3 and 3.4).

The product evolution is strongly related to the first issue. This brings about a
refinement from the general market segments to the specific products that are
used to address these market segments. Moreover, specific entry and exit times
for these market segments must be determined.

For the various products specific prices must be determined. This leads us to the
pricing policy. For each of the products prices compatible with the general
product strategy needs to be defined. Pricing and the identification of costs and
potential revenues are the basis for any quantitative strategy definition and eval-
uation (cf. Section 3.4).

Thus, quantitative strategy definition can only be performed as a refinement of
qualitative strategy definition. This gives an interleaving of the three different
activities and the specific ways of performing either in a quantitative or a quali-
tative way. This is depicted in Figure 7.

As we can see in Figure 7 there is a certain logical flow among the main activi-
ties and the relation between quantitative and qualitative strategy definition.

Copyright © Fraunhofer IESE 2003



Defining Investment Strategies

Quantitative

Process step Information flow

Qualitative
Process step

Figure 7: Overview of the general product strategy process

3.3  Qualitative Approaches to Strategy Definition

There is no clear boundary between qualitative and quantitative approaches to
strategy definition. For the sake of this report we draw the borderline between
approaches focussing on a more coarse grained characterization like portfolio
analysis and more fine-grained approaches like metrics-based approaches. Most
qualitative approaches to strategy definition resort to the definition of a portfo-
lio [Gab97, Spr00]. A second approach, which we will discuss in this section is
Quality Function Deployment [Coh95].

3.3.1 Portfolio Approaches

The basic idea of portfolio definition (and management) is to capture a picture
of the various market opportunities as a whole. This picture can then be cap-
tured in a two-dimensional matrix, characterizing the state of the various prod-
ucts. At the same time, for each of the various fields certain recommended
actions are associated.

An appropriate application of a portfolio technique consists of the following
parts [Gab97]:

e definition of the portfolio dimensions — typically portfolios are two-dimen-
sional (some exceptions exist like technology portfolios), the specific dimen-
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sions also vary (e.qg., like market growth vs. market share, competitive posi-
tion vs. life cycle phase)

e detailed characterization of these dimensions — this is usually done with the
help of questionnaires and is necessary to avoid an arbitrary classification of
the products; typically each axis is subdivided into two to five categories

e definition of actions — for each quadrant an appropriate measure is defined
that will be taken for any product that falls into this category (this avoids the
need for reinterpretation)

Different approaches for portfolio management are defined. The simplest
approach is the one taken by the Boston Consulting Group. Here, a two-dimen-
sional matrix with two subdivisions is defined. The corresponding diagram is
given in Figure 8.

Figure 8:
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Portfolio Matrix — Boston Consulting Group

A rather complex example is the matrix defined in Figure 9. In this schema the
different products are rated based on their life-cycle phase and their relative
positioning in the market. Again, based on the categorization of the products
recommendations for the further evolution of the products are given.

The approach of product portfolio definition can be applied on two levels to
product lines. First, the product line as a whole can be placed in one of the fields
and the resulting judgement can be applied. Of course, for an organization
simultaneously investing in several product lines this is an important application.

However, in the context of this analysis, the more interesting application is to
place the products into the individual cells. We aim at having the different prod-
ucts in different cells, thus covering a whole range of life-cycle stages and mar-
ket strategies at the same time. Of course, in the context of customer-driven
development, this approach can only be applied on the level of product groups.
If these product groups correspond to customer groups, then we can also apply
the approach to identify whether we are serving a customer group insufficiently.
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If we use the market-/product lifecycle as a basis, a healthy product line provides
products that are in all stages of the product life cycle [SU97] and at least some
of the products should be in strong market position area or higher. If no product
has a strong market position, then we need to conclude that the product line as
a whole is too weak. Moreover, if no product is in the birth stage, we need to
identify whether our product line infrastructure as a whole has come to age and
may no longer be strong enough for new products (requiring some reengineer-
ing of the platform).

Similarly, if we use the portfolio of Figure 8 as a basis, we would expect that
some products have a relatively high market share and some should be posi-
tioned in areas with strong market growth.

A portfolio-based approach to analyzing reuse opportunities (the so-called
MECP-framework) has been proposed by Favaro and Favaro [FF99]. In this
approach, the portfolio has two dimensions:

e Market Economics — this can be either attractive or unattractive and is fur-
ther defined through the following forces (the first two ones are direct
forces, the latter four are limiting forces):

— intensity of direct competition
— customer pressures
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— intensity of indirect competition (pressures from replacement products)
— threat of competitor entry

— supplier pressures

— regulatory pressures

e Competitive Position — the competitive position can be either advantaged
or disadvantaged. This is in turn characterized by cost & asset position and
the differentiation aspect:

— the cost and asset position describes the cost advantage over the competi-
tion that can be drawn from the reusable assets

— the differentiation dimension describes the diversity of products that can
be produced with the asset base

While the MECP-framework at least addresses the issue of analyzing the strate-
gic situation of a reuse development, it does not support the analysis of strategic
product developments in a product line context: how do identify further prod-
ucts that should be developed in the context of a product line. For characteriz-
ing the product portfolio of a product line we propose the following dimen-
sions, which can be split into two different portfolio descriptions:

The External Portfolio:

* market coverage — how well are different market segments covered based
on the product line?

® market growth — how strong are the underlying market(s) growing?

These two aspects together establish the quality of the underlying market and
the advantage we take from the opportunity of providing differentiation
through a product line. On the other hand we need to characterize the actual
benefits and the evolution stages of our product line

The Internal Portfolio:

e Profitability — how good are the margins, we derive from the products?
Some time after the setting up of the product line these margins should at
least be higher than for products that are developed in a single system man-
ner.

® Product-life-cycle — this describes how far in the product life-cycle our prod-
ucts are evolved

Both portfolio definitions can be applied on a product line level or on a per
product level. If applied on the product line level, this tells us what are future
evolution opportunities for the product line as a whole; when applied for the
individual products, it informs us where these improvement possibilities could
come from.
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3.3.2 Quality Function Deployment

The portfolio approaches can be used to identify gaps in the strategy that need
to be filled with new products. The characteristics of the products can be
derived on a very high level from the portfolio approach (e.g., if we identify an
insufficient market coverage we can conclude the need to develop products that
cover additional market niches. In addition the strategy goals chosen according
to the categorizations given in Section 3.1 provide us with input on the qualities
of the to be defined products. Of course, in order to develop adequate products
a further refinement of these requirements through customer investigation is
necessary.

A systematic process, that enables to introduce such forces in a product design
process is quality function deployment. In this approach customer preferences
are systematically identified and quantified. In order to derive market relevant
products this approach relies on two principles:

e Rating of functions based on customer importance [Coh95, HSMOO]. This
can be done using many different approaches like rating importance, mea-
suring absolute importance, and so forth.

¢ In addition characteristics of the products can be qualified as satisfiers, dissat-
isfiers, and delighters. This allows us to easily characterize what are the key
requirements for a product that fills the role identified by the strategy.

3.4 Quantitative Approaches to Strategy Definition

The qualitative approaches to strategy definition are a major first stepping stone
to understand to possible directions for further evolution of a product line strat-
egy. However, a qualitatively defined strategy is incomplete without the defini-
tion of quantitative goals. Defining such quantitative goals is the key focus of
this section. We will focus here on two kinds of approaches:

e The balanced scorecard approach aimed at identifying key measures for
describing a product line strategy (and thus capturing quantifying its key
focus)

e Techniques from marketing science that aim at optimizing the specific fea-
tures offered by a product line

3.4.1 Defining the Key Dimensions of A Product Line Strategy

The Balanced Scorecard approach is a general approach to the definition of
quantitative goals for a company strategy [KN96]. Fundamentally, this is a goal-
oriented approach which approaches the definition of measures mostly top-
down, similar to the GQM approach in software engineering [BCR94]. While the
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approach focusses mostly on the specific metrics that should be fulfilled by a
strategy and not so much on how this may happen, it is still more adequately
defined as an approach to strategy definition then as an approach for control-
ling it. The reason for this is that the measures are mostly defined to give detail
and depth to the high level strategic concept, i.e., to determine a way to opera-
tionalize the basic strategic concept.

Balanced scorecard explicitly aims to provide a wide, company-encompassing
view. For this reason it does not solely focus on the Return-On-Investment (ROI),
but addresses the following four dimensions:

Financial: the core measures of a company, typically they relate to profitabil-
ity and are measured by ROI are similar metrics

Customer: these measures take a customer focus and analyze to which
degree the customer is addressed by the work of the company. Typical exam-
ples are: customer satisfaction, customer retention, or market share in tar-
geted market segments

Internal processes: this focuses on the internal processes of the organiza-
tion, trying to capture how good the organization is at doing what it is sup-
posed to do

Learning and growth: this takes on long-term view and addresses how
good the organization is at setting up an environment for long-term learning
and growth. Investments in people, organizational memory and procedures
can contribute to this

For each of these categories objectives, measures, targets, and initiatives should
be defined [Bug]. This results in the aforementioned step-wise refinement
approach. There is no general rule on how to determine good measures for a
balanced scorecard. Rather the process itself is used to provide the necessary
focus.

The different dimensions of the balanced scorecard are impacted in numerous
ways by product line development:

Internal Processes: In general product line development leads to a reduction of
the total development effort and the time required to development new prod-

ucts. This can often go up to 70-90%. Moreover, from measurements at HP it is
also well documented that the quality may be strongly improved [TCOO00]. Cel-
siusTech also reported a strong decrease in project risk [BC96].

Customer: From a customer perspective product line development enables
faster delivery of new products and broader selection of products, enabling the
company to offer a product portfolio which is better adapted to the customer
needs. Moreover, these products can be offered at lower prices. The improved
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quality will also positively impact the customer satisfaction and thus customer
retention.

Internal Processes: Product line development leads to building a common
reuse infrastructure. This reuse infrastructure actually contains the competence
of the organization in product development in this area. This is a typical example
of organizational learning.

Financial: From a financial point of view product line development enables the
organization to develop products at lower cost, thus enabling the organization
to either sell them with higher margins or at lower prices in order to attain
higher volumes. In both cases a strong improvement of the return on invest-
ment can be expected.

Of course, the specific benefits that an organization seeks must be identified
from its general strategy as discussed above. This must then be matched to the
specific benefits that can be attained along the various dimensions.

3.4.2 Optimizing the Return On Investment from a Product Line Portfolio

There is a surprisingly large amount of literature on defining a product portfolio
for a product line. However, these approaches mostly address the non-software
area. They typically stem from the area of marketing science. These approaches
rely on mathematical optimization based on a detailed characterization of the
potential products. The different techniques take various different approaches
at improving the structure of a product portfolio.

Most approaches are based on the maximization of an utility function (which is
based on an estimate of the customer’s preference). This problem comes in two
varieties (cf. [GK85]):

— Buyer's welfare — The seller selects the product line, so that it maximizes
(within the given constraints) the utility of the buyer.

— Seller’s welfare — Maximize the value to the seller based on known prefer-
ences on the side of the buyer.

Using one of these approaches, it is now possible to optimize the structure of
the product portfolio by selecting products (and their features) appropriately
[GK85, MZ88]. Some methods use an indirect approach, by introducing another
form of criterion or by introducing additional parameters for optimizing the
product portfolio. Examples are:

— Cannibalization (i.e., competition among products) [MM94] — different
products in a product portfolio will compete partially for the same customers,
thus, the number of sold products will not rise in the same manner as the
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number of offered products. Instead, a threshold has to be determined
beyond which the introduction of additional products will not provide an
additional benefit.

— Pricing of the product line [DK88] — depending on the products that are
made available and the prices the companies ask for, revenues will vary. As
prices may impact the customer decision of which product to pick, pricing
and product line composition interact.

— Length of the product line [Fra92] — economies of scale and scope that can
be realized during the production of the product line will influence the addi-
tional costs incurred by adding products to the line. On the other hand, prod-
ucts will be substitutable with each other from a customer point of view.
Thus, a trade-off decision has to be made on how many products to include
in the product line.

— Selection of market segments [Ste91] — typically the market can be envi-
sioned as being composed of several market segments, i.e., major groups of
similar products. Which market segments to address is a strategic decision
that will strongly influence both the investments that need to be made as
well as the revenues that are possible.

While the above-mentioned approaches rely on explicit codification of the cus-
tomer preferences and a linear programming approach to the optimization of
the product portfolio, some approaches use a more informal way of addressing
the problem. Examples are [RU98, Esq98], which aim at balancing core product
requirements and total component development and production costs. A similar
approach has recently been proposed in the context of the VBSE approach
[FHROO, RFHOO]. This approach focuses on the buyer value as a starting point for
determining and actually controlling product development. Some approaches
also aim at balancing the product portfolio and the reusable assets to be pro-
duced simultaneously in a formal decision making framework. This approach is
exhibited by the MoVE method (cf. [BJJ*01]).

The approaches we discussed in this section are rather complex in terms of the
mathematics they involve. However, when applying them, one also needs to
take into account that these approaches solely focus on the financial perspec-
tive. This can be considered a severe shortcoming considering the discussion in
Section 3.4.1.
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4 Refinement and Control of Investment Strategies

In the preceding section we proposed a simple framework for defining a prod-
uct line strategy. However, merely devising a strategy is one thing, actively con-
trolling and enforcing something different. We will now discuss in more detail
the various models that can be used for controlling and enforcing a product line
strategy.

In order to actually ensure that a product line strategy is followed and delivers
the expected results, we need to continuously monitor the results of product
line development. This actually needs to be done on two levels:

1 We need to monitor the ultimate adherence to the strategic goals of product
line development and their effectiveness

2 We need to monitor the influence of performing product line development
on a detailed level as a basis for identifying any reasons for divergence from
the ultimate goals.

A simple example may help to illustrate this distinction. If we have the strategic
goal to take over feature-leadership, i.e., always be the company which brings a
new feature to the market first, than we need to control our ability to do so, we
need to control the effectiveness of this strategy, and so on. This is what corre-
sponds to the first point and we will discuss it in more detail in Section 4.1.
However, in order to understand any reasons for deviations, we need to be able
to analyze product line development on a much more fine-grained level. We
understand the effectiveness of our reuse. The amount of potentially reusable
functionality and so forth. All this is the basis for understanding our effective-
ness at employing product line development as a strategic approach. This is illus-
trated by the second point above and we will discuss it in more detail in
Section 4.2.

4.1 Measuring Strategic Success

As we discussed above in Section 3.4, it is important to define a strategy in
guantifiable terms. One of the key reasons for doing so is of course that it
enables us to identify deviations from the strategy early on and thus enables us
to determine focussed improvement actions.

The approach that has taken this idea the furthest is the balanced scorecard

approach [KN96]. In this approach one aims at deriving objectives, measures,
targets, and initiatives for the different strategic goals. While objectives, targets,
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and initiatives are all qualitative information and refinements of the strategy, the
measures are key to really setting controllable goals and identifying whether the
strategy is ultimately successful. In order to arrive at a concise and relevant set of
metrics that also enables the organization to identify the reasons for deviations
from the expected results, if they should occur, the measures should adhere to
the following criteria [Bug]:

e (Cause-and-effect relationship: every identified measure should be part of a
cause-and-effect relationship, with the overall effect resulting in the expected
strategy result

e Performance drivers: those factors that are expected to impact the perfor-
mance (and that are thus starting points for corrections) must be included in
the overall analysis in order to understand deviations

® Relation to financial indicators: the bottom line of strategic success is finan-
cial success. Thus, the various indicators should be clearly linked to financial
measures

In the context of product line development this implies that the identified mea-
sures need to address the different parts of the value chain of product line
development. These are on a high level domain engineering and application
engineering. Without addressing both parts a cause-and-effect relationship can-
not be established. On a more fine-grained level, the various steps in the devel-
opment (like requirements, architecture, coding, testing) etc. should be
addressed, as each of these steps needs to be in place and must work properly
in order to achieve the overall results expected from product line development.
The specific decomposition model we propose, will be discussed in

Section 4.2.2. The notion of performance drivers is well known from measure-
ment in software development [BCH+95, BCR94, Pfl96, MCGZ00]. Thus, we will
not discuss it here further.

The relationship to financial indicators can act again as a reminder that the vari-
ous perspectives of the balanced scorecard actually must be taken into account.
We discussed this already in Section 3.3 and will thus not go into further detail

on this here.

4.2  Controlling Product Line Results

38

Based on the discussion, we can now turn to defining specific metrics for con-
trolling product line results. The metrics necessary to control that the product
line effort achieves the appropriate results are just as diverse as the manifold dif-
ferent strategic goals that may underlie a product line initiative. Some of the
most common strategic goals we discussed above are:

e (Cost-Leadership
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e Feature-Leadership
e Time-To-Market
e Diversity (ability to offer a large range of products)

e Customizability (ability to offer specifically customized system variants for a
customer)

e Quality-Leadership (ability to offer solutions of high quality)

¢ Integrated Solution (a number of solutions from the product line can be eas-
ily and seamlessly integrated to address customer problems)

While this list relies on a large number of different goals for product line devel-
opment, the metrics commonly proposed for product line development focus
exclusively on variations of the cost theme [Pou97b, Pou97a, Fav96, Lim96,
MCGZ00, BS96]. An analysis of these models highlights that they mostly vary
along three main dimensions:

e The underlying reuse model
e The level of organizational granularity

e The goodness criterion

In the specific context of our analysis, the underlying reuse model is of course
fixed: it is the product line model, with its prototypical division into a domain
engineering and an application engineering phase. Regarding the level of gran-
ularity of the organizational unit, we ultimately need to arrive at the strategic
level (the company level). This may be by means of more detailed metrics. How-
ever, in the end the various metrics need to add up. Finally, regarding the good-
ness criterion we follow the argumentation of Favaro [Fav96], who based on a
detailed analysis favors the criterion of the Net Present Value (NPV) as the key
criterion for analyzing reuse investments.

We follow here the argumentation that we did already put forward in

Section 2.2.1 that an adequate economics model must take the full breadth of
influences into account. So far only few models have taken into account more
than just costs. Mostly these approaches were based on the Goal Question Met-
ric paradigm [BCR94] and argued for a situation-specific choice of metrics
[Pf196, DSF95]. While we are strongly in accordance with this view that metrics
need to be adapted, we propose to provide some guidance in the process of
metrics selection. We did already provide some basic help to this by proposing a
framework for product line quality model development [Sch0Oa]. A key contri-
bution of this model is its decomposition of product line activities, which allows
to analyze the contributions to product line success in a piece-wise fashion.
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4.2.1 Decomposing Qualities

Given a quality Q (e.qg., eff: effort or rel: reliability) and a feature f for which the
to-be-expected quality has to be determined, Q.. (sit(f, P)) denotes the value
of the quality attribute for this feature according to the basic quality model,
where sit(f, P) denotes the characterization of the feature and its overall devel-
opment situation in terms of influential factors. In particular, P denotes the
product (P) context. In cases, where functionality is retrieved from a different
product P’ this is denoted by mentioning the P’-context in addition.

On the other hand, in the case of product line development different product
line development situations (i.e., modes) have to be distinguished (cf. Section
4.2.2). Consequently, we denote the corresponding quality attribute value for
the product line situation as Qp (mode, sit(f, P, P')) and denote the product
line distortion itself as: dQp (mode, sit(f, P, P")). Using this notation we can
describe Qp, as:

Qp (mode, sit(f, P, P')) = aQp (mode, sit(f, P, P')) P Q. (Sit(f, P, P"))

This allows to characterize quality attributes on a per feature basis. However,
there are some general (infrastructure) activities, which will usually be difficult to
relate to a single feature.

Depending on the specific quality analyzed, it may be very hard to attribute the
quality contribution of this activity to a certain feature. For example, gathering
the high-level requirements will be very hard to relate to single features from an
effort point-of-view. However, from a defect point-of-view the requirements
will show up as defects in specific software features. We will discuss these infra-
structure activities further in Section 4.2.2.

In general the quality impact of these activities can only be analyzed on a per-
project level. Consequently, they depend on project characteristics. We will
denote this by: Qp (mode, sit(proj)). Where sit(proj) gives a project-classifi-
cation in terms of situational factors.

In order to understand the role of the product line development plan, one needs
to understand various different software development modes that are relevant
to product line development. This will be discussed in Section 4.2.2. In the sub-
sequent sections we will then discuss various issues related to the notion of
product line development situations.

4.2.2 Product Line Development Situations

40

We can distinguish different situations in which product line development hap-
pens depending on whether we are doing development for reuse or with reuse.
In addition, we can differentiate different starting situations, depending on
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whether some software already exists and if so, in what state it is. If we take the
development of software for a specific system additionally into account, then
we can classify the product line development situations along the following two
dimensions:

e development approach
— development for specific system (one-at-a-time development; single sys-
tems are developed)

— development with reuse' (using an existing reuse base a new system is
developed - this is also called application engineering)

— development for reuse (reusable assets are developed — this is also called
domain engineering)
e starting situation

— nothing exists (development from scratch)

— reusable asset exists

— implemented in a different product (needs adaptation)
— implemented in legacy system (needs reengineering)

These two dimensions define the matrix given in Table 22.Using this notation we
can write:

QpaselSit(f, P, P) = Qp (spec, new, sit(f, P, P"))

The core reason for distinguishing between the different situations using such a
matrix is that the actual processes enacted will vary depending on the situation

and thus also the influence of the quality will change accordingly. As the specific
activities will actually vary from company to company, we discuss here prototyp-
ical, high-level categories of activities.

reusable asset development from implemented in implemented in
scratch different product legacy product
Reuse New Adapt Reeng

system-specific development Qpy(spec,reuse,sit(f,P) | Qp(spec,new;sit(f,P)) | Qp (spec,adapt,sit(f,P,P")) | Qp (spec,reeng,sit(f,P,P))

development with reuse (with) | Qp (with,reuse,sit(f,P)) | Qp (with,new,sit(f,P)) | Qp (with,adapt,sit(f,P,P")) | Qp (with,reeng,sit(f,P,P’))

development for reuse (for) Qpy(for,reuse,sit(f,P)) | Qp(for,new,sit(f,P)) | Qp (for,adapt,sit(f,P,P")) | Qp(for,reeng,sit(f,P,P"))

Product Line Development Situations

1 Note, that in the development with reuse specific system parts may also be developed as system specifics,
i.e., they are developed from scratch, but they are developed in the context of developing a system mostly
from reusable pieces.

2 Note, that a mode is actually described using two parameters: mode = (X, y). As a notational simplifi-
cation we write Qp (%, y, sit(f)) instead of Qp ((X,Y), sit(f)) .
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As discussed above, there are some process steps, which have an impact on a
quality aspect, which cannot be easily attributed to a single feature. A prototyp-
ical example for this is the development of a reference architecture and the rela-
tionship of this activity to effort.

In the case of single system development (spec), we can identify the following
main activities, if we assume that implementation happens via the successive
integration of features:

e General requirements gathering
e Detailed requirements gathering (can be attributed to individual features)

e System architecture development

e Detailed design (can be attributed to individual features)
¢ Implementation (can be attributed to individual features)
e Unit test (can be attributed to individual features)
e Integration (test) (can be attributed to individual features)

Besides the basic development phases, we also want to take into account the
maintenance phase. Here, we focus on pure problem correction:

e Problem correction (can be attributed to individual features)

The activities given above apply for the starting situation new. They have to be
adapted for the other starting situations accordingly. However, the identified
infrastructure activities stay the same in this case. When looking at the categori-
zations as “related to individual features” vs. “general activities” given above,
one should keep in mind that depending on the specific quality under study the
categorization may look somewhat different.

Similarly to the categorization given above, if we look at the product-line based
development of software, we can in a matching form identify general activities
and activities that can be attributed to individual features.

If we look at the standard product line process given in Figure 10, we can distin-
guish the following activities for the two life-cycles (here, we count scoping as
part of the domain engineering life-cycle).

As two different main life cycles exist (domain engineering and application engi-
neering), we have to distinguish the identified main activities accordingly:

Domain Engineering:
e Product line mapping

e Scoping
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Figure 10: Product Line Process lllustration

e Detailed Domain Analysis

Application Engineering

(can be attributed to individual features)

e Development of reference architecture

e Detailed design

e |Implement feature reusable
e Unit test

e Problem correction

e Product rebuilding’

(can be attributed to individual features

can be attributed to individual features

can be attributed to individual features

)
)
can be attributed to individual features)
)
)

(
(
(can be attributed to individual features
(

The product rebuilding step is specific to a product line development approach,
as in this case if a generic asset is updated, we need to integrate the new

instance of the component into all systems, so that the problem correction is

integrated everywhere.

Similarly, there is the application engineering life-cycle. Here, we have again two
main process variants, depending on whether a reusable asset for this feature

already exists or not. In the case that no reusable asset for the system part exists,
the process is rather similar to the process for single system development.?

1 Is performed only as a consequence of problem correction.

2 Note, that in the case that non-reusable sub-systems become as small as individual features, we have a di-
rect mapping to the quality impact also for “generic” activities.
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(per feature)
per feature

per feature

(
(
(per feature
(
(per feature
(

)
)
)
per feature)
)
)

per feature

Parts that are reusable

General requirements gathering

Details for system-specific adaptation

Derive product instance architecture

Retrieve feature implementation

Instantiate feature implementation

Component implementation

Unit test

Integration (test)

problem correction done in

domain engineering

Parts that are not yet reusable

Detailed requirements gathering

Detailed design

problem correction

Again, we have specific variants of these processes for the situations where
already products exist which can be adapted or reengineered.

If we look at the steps that have now been identified as general infrastructure
steps we find that these are the high level analysis (requirements, scoping) and
development (architecture) steps. In addition, general activities like configura-
tion management may play a role, but this is outside the scope of this study.
Based on the discussion above, we can derive the list of activities given in Table

3:

reusable asset

development from scratch

implemented in
different product

implemented in
legacy product

Reuse New Adapt Reeng
system-specific a) Detailed requirements a) Detailed requirements* | a) Detailed requirements**
development b) Detailed design b) Identify F in P’ b) Identify* Fin P’
(spec) not ) Implement F ¢) Recover code from P’ ) Recover* code from P’
applicable d) Unit test d) Adapt Code for P d) Adapt* Code for P
e) Integrate F in P e) Unit* test e) Unit*™ test
d) Integrate™ Fin P f) Integrate™ Fin P
development | a) Detailed requir. a) Detailed requirements* | a) Detailed requirements a) Detailed requirements
with reuse b) Instantiate feature | b) Detailed design* b) Identify* F in P’ b) Identify** Fin P’
(with) b) Retrieve F <) Implement* F ) Recover* code from P’ ) Recover** code from P’
b) Integrate F in P**** | d) Unit* test d) Adapt* Code for P d) Adapt** Code for P
e) Integrate* Fin P e) Unit** test e) Unitt** test
f) Integrate** Fin P f) Integrate™* Fin P
development a) Detailed domain analysis | a) Detailed domain analysis* | a) Detailed domain analysis**
for reuse b) Detailed design** b) Identify** F in P’ b) Identify*** F in P’
(for) not ) Implement** F ) Recover** code from P’ | ¢) Recover*** code from P’
applicable d) Unit test** d) Make code generically d) Make code generically
reusable reusable®
e) Unit test*** e) Unit test™***
Table 3: High-level Development Activities Based on Product Line Development Situations
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If we want to look at the total quality for a specific feature (or product) then we
will usually have to take contributions from different modes into account (e.g.,
feature is developed for reuse, later it is reused in different products).

In the above table many activities can happen in different modes leading to vari-
ations of how the activities will be performed and this may consequently have
different impacts on those qualities. In order to distinguish between the same
activity in different modes, we mark multiple occurrences with [=] and *. We use
(=7 to differentiate among instances of the same activity in different starting sit-
uations and * to differentiate among instances of the same activity in different
development approaches (e.g., integrate).

4.2.3 Cost Modelling

So far, we discussed our reference framework for product line quality models in
a rather generic manner. However, for some qualities (e.g., reliability) still today
models are missing in a single system context that allow to derive forecasting
models [Fre00]. In the context of single system development the most successful
— and most investigated — thread has been the development of cost models.
This is motivated by the importance particularly costs have for development
decisions. Thus, we did also focus in our work on cost models for product family
situations [Sch02]. From our experience we propose in a way similar to Pfleeger
[Pf196] to develop cost models in a context-specific manner. A basis for the nec-
essary breakdown of the development activities can be found in the reference
model we described in Table 3. In addition, we need to understand the various
cost drivers of product line development. While this is very hard to do in general,
we provide a list of the key cost drivers we could identify in Appendix B. Of
course, according to the notion of GQM, we do not propose to use them as is,
but to rather use them as basis for derivinng a situation-specific characteriza-
tion.

4.3 A Framework for Strategy Control and Implementation

In the previous two sections we discussed the general concerns that need to be
taken into account for controlling the success of a product line strategy. Now,
we will discuss on this basis a specific framework (the PuLSE Strategy Control
Framework), based on GQM, that supports the identification of the necessary
metrics for controlling the success of a strategy.

If the implementation of a product line strategy fails, this can have two reasons:
either the strategy was inappropriate for achieving the desired results (like
increased revenue) or it was inappropriately implemented. Thus, we define two
levels of strategy control in our approach:
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1 Controlling whether the strategy brings about the desired results

2 Controlling whether the strategy is adequately implemented

Refinement of the Product Line Strategy

The first part focusses on the question whether we can observe the intended
results from strategy implementation with sufficient reliability. Key to this analy-
sis is an adequate refinement of the high level strategic goals to an operational
level. We consider this refinement actually a main and integral aspect of strategy
definition. If we do not know in concrete terms how success of the strategy
would look like, we have not defined the strategy in sufficiently tangible terms
in the first place.

For deriving a sufficient and measurable refinement we use the approach of a
goal-directed operationalization, similar to the GQM-approach [BCR94]. How-
ever, we perform a step-wise operationalization to bring in the various concerns.
As an example for illustrating this approach let's consider the following strategy
goal:

A highly innovative company that operates in a fast moving market (e.g., in
the telecommunication industry), that it should aim at being time-to-market
leader. That is, its strategy should be to be the first on the market with new
functionality. This should result in being able to get the highest margins on

its products.

Thus, we can define the strategy as:

Strive to become leader in terms of time-to-market for new features in new
products.

The first step for clarifying this strategy is disambiguate it, by answering the fol-
lowing questions:

e \What exactly is the market? (Is it mobile phones or professional mobile
phones, does it include non-mobile phones and so forth)

e \What exactly are the products? (This strongly relates to the previous ques-
tion, but especially for innovation strategies this can entail a strong shift of
focus, e.qg., if we discuss mobile phones, are mobile PDAs part of the strat-
egy? what about mobile Tamagotchis?)

This refers to the main distinction we made in Section 3 between growth and
innovation strategies. Remember that we decided to focus on growth strategies.
This simplifies our task considerably, as it enables us to more easily identify met-
rics that by assuming larger numbers testify that the strategy was successful.
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As the next step of refinement, we use the four perspectives described by the
balanced score card approach (cf. Section 3.4):

¢ Financial

e Customer

* Internal Processes

e learning and Growth

From each of these perspectives we can refine the goal and identify criteria that
help us to identify whether the strategy was successful and whether it was suc-
cessfully implemented. In principle, all four perspectives contribute to answering

both questions. However, there is in general one of the four perspectives that is
more closely related with one of the questions. In general we can say that:

e the customer perspective focuses more on the success of the strategy

e the perspectives internal processes and learning and growth focus more on
the success in implementing the strategy

¢ the financial perspective combines the result of both aspects: the costs of
bringing about the results and the result in revenues this generates

The fact that in principle both aspects can be applied to all four strategies leads
to the following table, which we filled in with some refinements.

Perspectives Success of the Strategy Success of Strategy Implementation
Customer We gain market share, particularly with ~ |We are able to offer products with new
the products that have unique features features that no other company has
Internal Processes |We ship more products The total time from project start to delivery
of new features is reduced
Learning and We become better at identifying features |Already existing features from other prod-
Growth that lead to sales boost ucts can be reused with very little effort
Financial The margin and overall revenues of prod- |The overall costs of new products
ucts increase decreases, a larger share of the money is

spent on developing new products

Example of Strategy Refinement for Market Leadership in Time-To-Market

Of course the different metrics already imply some measures for achieving the
strategic goals (cf. Section 3.4). Here, we assume that the key idea is to achieve
the goal by embarking on a product line approach, which should enable the
organization to focus on the development of new features and to save effort on
existing features.

Besides the four perspectives that are used in the traditional Balanced Scorecard
approach, some authors propose an additional perspective: the people or
employee perspective. We do not follow this approach, but rather go a step fur-
ther. We add a viewpoint to our analysis schema, similar to the viewpoint in
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GQM. This enables us to take into account the multitude of different viewpoints
that are relevant to a strategy implementation and it enables us to make the
strategy consistent across the various viewpoints. This is particular important in
the context of product line development, as already many product line attempts
did fail due to inconsistencies among different perspectives (e.g., the direct
goals of the project manager, who focusses on immediate delivery of his prod-
ucts, do not fit with the goals of the core asset manager, who focusses on long
term growth of his asset base). Only through comprehensively eliciting, under-
standing, and transforming these goals is it possible to define an overall consis-
tent strategy.

The specific viewpoints that are developed in the operationalization of a strategy
are organization-specific as they are strongly related to the target organizations
structure. Thus, we provide only some prototypical roles, here:

e Company management

¢ Financial management

e Customer relationship management

e Software development management
e Product line management

e Project manager

® Project development management

e Project sales representative

e (Core asset development management

e Key account manager

Of course such a list can never be complete on one hand, while on the other
hand generating a complete goal operationalization for all possible viewpoints
will in practice be forbidding. Thus, specific viewpoints for an organization must
be selected for the specific situation at hand. In this process, however, care
should be taken to be complete in the following ways:

e A sufficiently broad range of roles need to be covered, if the strategy is only
described for the top-management, we will not be able to identify where the
strategy breaks down within the organization (if it breaks).

e Even people serving the same roles may have strongly different viewpoints.
Thus, if more than one person serves a role, the input from more than one
person should be sought (in particular, for controlling, we need of course
acquire the input from all people serving a role).
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¢ If a sub-ordinate role (of another role) is brought into play, all sub-ordinate
roles must be represented (e.qg., if project management, which is sub-ordi-
nate to product line management, is brought in, than core asset manage-
ment should also be involved).

Of course some roles are more specific to product line development than others.
Based on the roles above, prototypical roles are: product line manager, project
manager, and core asset development manager. Let's suppose for the sake of
the example that these roles are filled from a software development perspective
in our example. If we assume this, we can refine the internal process perspective
from the point of view of effectiveness of product line strategy implementation
in the following manner for the three viewpoints:

* Product Line Management: How many new features with market rele-
vance are available in products per year?

* Project Manager: How long does the development of my project take, how
fast can we react to new features demanded for this project?

¢ Core Asset Manager: How many new features become available in the
asset base per year?

Of course, these goal decompositions are just examples, but they are appropri-
ate to demonstrate the main points: the various viewpoints together are
required to ensure an adequate implementation of the strategy and the views of
the lower level managers (here project and core asset manager) are actually
refinements of the higher level view (here product line manager). We call this
refinement by organization as the underlying schema is based on the organi-
gram.

4.3.2 Operationalization of the Strategy

The steps outlined above already bring about a strong refinement of the core
strategic goals. However, it is here not our key goal to define good company
strategies, rather we want to specifically focus on the product line situation. This
entails a much stronger focus on software development. On the other hand
how much detail is appropriate in a specific situation strongly depends on the
availability of certain metrics. For example, in an organization that is already at
CMM level 3 and thus has a strong metrics program [Dym96], we can expect
that most metrics we will need are already available. On the other hand for most
organizations at CMM level 1 providing the necessary metrics will be very hard.
In particular, process metrics on a more fine-grained level are often very hard to
come by for such an organization.

Especially for the quality of the strategy implementation and for the improve-
ment of it, we need such information, as we need to analyze how good product
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line software development works in the organization and how well it is aligned
with the overall strategy. Thus, we are focusing from here on mainly on the stra-
tegic goals that take the internal point of view (i.e., controlling whether the
strategy is adequately implemented).

In order to introduce more strongly the software development perspective, we
need to refine the various strategy goals from the point of view of:

e product vs. process perspective

e life-cycle phase

Regarding the life-cycle phase we use the different process steps according to
Table 3. One should note that not all process steps will be compatible with all
viewpoints. For example the core asset development manager will mostly focus
on the development for reuse perspective.

In order to derive specific metrics for the analysis of product line development,
we first need to concisely define the characteristics of a strategy aspect we want
to formalize:

Strategy Goal: what exactly is the goal that shall be achieved by the strat-
egy; is it an optimization or an innovation goal; which part should we
measure

Market Aspect: what is the market situation (expanded, contracting, new or
stable); do we perform market-driven or customer-driven development

Metrics Level: do we aim at a market or software development type of met-
ric; at which level according to the reference model (cf. Section 2.2)
should the metric be defined

Company perspective: what is the specific goal of the measurement from a
company point of view; to which BSc dimension does it belong?

Role: from the perspective of which role shall the results be quantified (this
also defines the organizational granularity)

Product/Process: shall the characterization be performed from a product or
a process point of view

Granularity: at which level of granularity (of the product / process metric)
shall the metric be defined

Using this schema we can characterize a product line measurement goal and
derive metrics in a similar way as this is done in the GQM-approach [vSB99]. In a
similar way the specific metrics needs to be adapted as well to the specific situa-
tion of the organization. Here we provide some simple guidelines on defining
the specific metrics:
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The awareness of measurement in the organization will influence the possi-
ble metrics, the less awareness exists, the more coarse grained will the mea-
sures be. Usually measurement awareness can be correlated with the CMM
level.

In general some metrics will already be available like the times for product
releases, the overall effort available for an organizational unit — and so forth.
It will in general be necessary to overlap these already available metrics, with
the required metrics in order to be sufficiently effective.

The specific form of component development has a strong impact on the
development of the necessary metrics. If there is a dedicated organizational
unit for the development of reusable components, then it is much more easy
to gather specific metrics on development for reuse.

In general one should aim at a good coverage of the various perspectives in
order to develop a comprehensive set of metrics that enables to catch any devi-
ations from the strategy early on and to identify the reasons for this.
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5 Evaluating the Future

So far, we dealt with prodcut line strategy as if the future could be planned for.
Of course this is not true. This forces us to make strategic decisions in the face
of uncertainty. In this section we will describe analysis techniques for determin-
ing the future value of decisions. This will require a transition from evaluation a
single scenario to evaluating a complete range of scenarios

5.1 Overview of Approaches

52

Whenever we want to look ahead into the future, we need to face the concept
of risk: things may not turn out as we hope or expect them to be. In order to

come up with a realistic evaluation of our strategy we need to take risk explicitly
into account and must determine the value of the strategy under this constraint.

There are two different types of risk that we must address:

Systematic risk or market risk — these are risks that are of a general
nature and are extrinsically to the organization performing the analysis.
These risks usually affect all players in a market in a similar manner. Typical
examples are an economic downturn or a raise in interest rates.

Unique risk — these risk are specific to the organization and particularly to
the strategy.

Many different approaches to risk analysis have been developed. However, most
approaches in software engineering focus on the identification of unique risk
[Boe89, Kon01]. In its qualitative form, we can address risks by identifying the
different scenarios that may occur if the risk manifests. This point of view is very
close to game theory [SimQOQ].

In game theory, we see the economic situation as a game with different players
involved (the different risks correspond to moves of certain players). Through
analysis of the different situations and potential game outcomes we can identify
the next move with the highest value. In game theory the different moves are
usually treated as having the same probability. This approach of analyzing
potential actions and appropriate counteractions is also the basis for decision
tree analysis [Wit96].

Of course the different risks are not equal. Rather the probability with which
they can occur can vary considerably. This can be taken into account in decision
tree analysis as we will discuss below. Besides analyzing the different possible
cases directly, we can as well perform option analysis. This approach is more
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appropriate for analyzing specific possible, individual occurrences or chains of
events.

5.2 Decision Tree Analysis

5.2.1 The Concepts of Decision Tree Analysis

The key idea of decision tree analysis is to develop a game tree of possible risk
situations and counter-measures that can be taken. This is shown in Figure 11.

[} C

original Cadditional

1-q

Action node @ State node

Figure 11: Example of a decision tree [Wit96]

Stop

In a decision tree we can distinguish two main types of nodes:
e Action node — at these points certain decision and actions must be taken

e State node — at these points certain information becomes available

Next to a state node we also write the expected probability for the correspond-
ing alternative. At the leave nodes, we write the values we expect to arrive at.

Decision trees are typically evaluated in a step-wise manner, working backwards
from the leaves towards the root node [HES*02]. In the example shown in
Figure 11 this leads to the following computation:

If S > C,qgitional We Would choose the upper branch at decision node two, which
would give this option the value of S — C,4yitiona)- More precisely this would have

the net present value (NPV) of this case (with using the time it takes for realizing
the benefit S after reaching state A. Similarly, if S < C,qgitionas We would of

course make the decision to not invest thus, in this case the value of two would
be 0 (no cost, no return). Now at the state node A, we need to combine the two
possibilities, leading to:

* g*S~(1-0)*NPV(S - Cyqditional ) - in case S > Cygditional
* g*S—(1-9)*0, in case S < C,qgitional
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In addition at the point of action node 1, we need to add —Cigina and to dis-
count it additionally by the corresponding time. Of course this process can
become rather complex for larger decision trees.

5.2.2 Applying Decision Tree Analysis to Product Line Strategies

Decision tree analysis can now be applied to the various decision situations we
face in product line development, e.g., the need to set up a product line, the
potential to add a further product to the product line, the possibility of develop-
ing a specific asset for reuse, etc. While, of course, the specifc decision trees are
highly situation dependent, we can outline some typical nodes that may occur.

Setting up a Product Line

This is of course the most complex and the most comprehensive kind of decision
tree that might be developed. Here the different action nodes might correspond
to:

* building certain products

e developing certain assets for reuse (in specific ways)

the state nodes will typically correspond to:

e different market conditions

e successes in different product line development steps

Of course the setup of the product line can in turn be defined based on the

decisions necessary for adding a product to a product line and the decisions
required to developing reusable assets.

Adding a Product to a Product Line

Adding a product to a product line is often seen as an indivisible step. This is
also how it will be represented in a decision tree for setting up a product line.
However, if we look at the situation in more detail, it is usually possible to
develop a specific product in certain sizes, which may depend on the costs
incurred, technical difficulties and so forth. Correspondingly we will usually see
the following action nodes:

e Developing certain (reusable) assets

e Adding certain user-visible functionality (in different ways)

the state nodes will typically correspond to:
e technical problems

e changing market conditions
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e financial problems (e.g., changes in licensing costs)

e most types of risks identified by risk assessments can be listed here

Just like in a risk assessment [KonQ1], it is virtually impossible to fully identify all
different possibilities. Consequently, it always represents an approximation of
the real value. However, it implies the advantage that it allows to quantify the
impact of the identified risks on the value of the project.

Developing a Reusable Asset

Developing reusable assets is an intrinsic part of the product line development
situation. However, this can again be seen as a sequence of steps. This becomes
particularly visible if we take into account that the necessary functionality may
be developed incrementally, perhaps even with a prototyping approach. Corre-
spondingly we will usually see the following action nodes:

e @Generalize the assets

e Develop prototype or partial implementation

the state nodes will typically correspond to:
e technical problems

e changes of customer requirements

e expanded generalization required

e most types of risks identified by risk assessments can be listed here

This decision tree describes the incremental development of reusable assets. Of
course, in order to describe the costs required for building the various steps of
the assets we can use the model of product line development, we described in
Section 4.2.

Decision tree analysis is a very powerful tool as it allows to perform a detailed
analysis of the potential outcomes of a project and enables us to identify an
adequate strategy from a value point of view. Moreover, it supports the use of
NPV (net present value). However, it is simplistic in at least two ways:

* it makes the assumption that certain probabilities can be adequately esti-
mated up-front

e it assumes that all necessary possibilities are known up-front

These problems of decision tree analysis can be partially resolved by using
options approaches. Moreover, option approaches can be combined with deci-
sion tree analysis to value individual paths, thus leading to a more appropriate
picture of the overall value of the decision tree. This we will discuss in the fol-
lowing section.
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5.3 Options

5.3.1

Figure 12:
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Options are a well known construct from financial theory. They represent “the
right without the obligation to perform a discretionary action in the future”. In
the context of finance this is usually the right to buy or sell a financial asset (e.qg.,
a stock). This fundamental idea has been extended beyond the financial markets
into the concept of “real options” [AK99], implying any kind of discretionary
action on non-financial assets. Some authors even propose that a key basis for a
successful strategy is the disciplined development of options [Wil99b].

The value of financial options has been thoroughly studied in finance, leading to
a rather elaborate theory. With the extension to real options, the full power of
this theory can now be brought to bear on real options as well. As some authors
did point out [FF99, Erd02], reuse investments can also be seen as investments
into real options.

A Brief Overview of Options

There are two main forms of options: put and call options. A put option enables
the buyer to sell an asset at a later time at a fixed price. A call option enables the
buyer to buy an asset at a later time at a fixed price. Consequently, the price of
both types of options depend on the price of the underlying asset (underlying) in
an inverse manner. This is shown in Figure 12. As this graphic shows, the value
of the option is non-symmetrical relative to the value of the underlying asset.

This non-symmetrical property is key to the value of an option. However, it also
makes it rather complex to determine the value of an option. Below we summa-
rize the key terminology relevant to discussing the option concept:
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Option: The option can either be a put or a call option.

Underlying: the underlying is the asset, the option refers to (e.g., for a IBM
Call, the underlying is the IBM stock).

Strike price: the price at which the option can be exercised.

Strike time: the time at which the option can be exercised. One needs to
note an important distinction here: there exist European and American
options. While the former can only be exercised at the strike time, the latter
can be exercised at any point in time up to the strike time.

The key question is now: how can the option concept help us in valuing a prod-
uct line strategy?

5.3.2 Options in a Product Line Situation

Product line options can be seen as a particular form of real options [AK99,
FF99, Erd02]. Real options in turn come in many different forms:

Growth / expansion option: a growth option characterizes a situation
where the possibility for future investment exists. For example a small
investment now enables a further investment latter. This is modelled as a
call option.

Exit / Abandon option: the possibility to abandon a certain path of actions
(e.g., investments in products that turn out to be non-profitable creates
value in its own right). This is typically modelled as a put option.

Defer / Wait-to-invest option: the defer option enables an organization to
perform a certain investment later. This option is created by a situation
where deferring a path is possible. (This does not necessarily take an
investment to acquire.)

Flexibility / Switch: the switch option enables to exchange certain parts.
This might be the flexibility of switching certain components against dif-
ferent implementations, as well as the possibility to switch suppliers. This
is typically modelled as a (set of) call options.

Learning option: the learning option is an investment that allows to per-
form some initial steps first before fully immersing into the next step. This
is typically modelled as a call option.

In the reality of business decisions options appear in many different disguises.
However, if we step back and examine them from a more abstract point of view,
they are typically a form of put or call option, sometimes actually a combination
of several options.
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If we look at the product line situation, then we see a large number of different
activities that can be interpreted as options." Some of these activities are:

e Component replacement [Erd02]
e Prototype first, generalize later
e Product Elimination

e |earning about the products

One should note that the addition of a product or a feature will usually not be
modelled as a an option, although it carries potential (an option) for further rev-
enue. Rather it is usually more appropriately modelled as an invesment and val-
ued based on its NPV.

Component replacement refers to the situation that in a structured architecture
one component is replaced by a different component, that can at least supply
the same functionality. This may happen for several reasons like the replacement
of a custom-developed component by a COTS component or the replacement
of one COTS component by another. The following situations are particular to
product line development:

e replacement of a component by a more general implementation. This is par-
ticularly relevant if some functionality is first build for a single product and
later generalized (see also prototype first, build later)

e provision of an alternative implementation for a feature (e.g., a component
for Fax communication while an E-mail component already exists). This is also
related to the situation of feature addition.

Component replacement is always modelled as a call option. The price of the
option corresponds to the additional investment required to achieve the neces-
sary modularity for easy replacement of the component. The underlying is the
benefit that can be achieved from such a replacement. The strike price is the
cost of acquiring the replacement component. Consequently, the achievable
benefit is characterized by the amount by which the benefit exceeds the costs.?

Prototype first, generalize later refers to the strategy that is often used in prac-
tice to first develop components specifically for a single product that is currently
under development and to generalize these components later when the value of
additional generalization becomes clear. However, in order to successfully per-
form such a strategy sufficient additional investments into the modularity of the
platform must be made. This investments can be seen as the price that needs to

1 Here, we will focus only on the options that are developed in the continuous evolution of the product line.
The transition to a product line is beyond the analysis of this study.

2 Avery interesting treatment of the value of being able to replace components in an adequately structured
architecture has been given in [SGCHO1].
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be paid for the option. Again the strike price corresponds to the cost of develop-
ing the general component. While the underlying asset corresponds to the cost
saving in developing the additional products.

Eliminating the products is a typical part of any product life-cycle. In a product
line situation this occurs as well, however, the platform itself is not lost, but can
be used in further product development. These additional value aspects are cap-
tured by the growth options that result from them. Under certain circumstances
there might be further value aspects that must be managed (e.q., if we offer the
platform itself to second source partners, etc.). In these cases a put option or
abandon option exists that manifests the fact that some value pertains although
the basic product has been abandoned.

Learning about the products is enabled by the fact that in a product line situa-
tion we will usually start out with developing general infrastructure, which by
definition is rather flexible with respect to the specific products that can be built
on top of it, while later on, we will develop the specific assets that determine
the individual products. This delays the decision on the specific product features
considerably. Time that can be used to understand much better the market con-
ditions and thus, the specific products that need to be built. We discussed this in
more detail in [SJO1].

After qualitatively discussing the various options that arise in product line devel-
opment, we will now turn to the detailed qualitative treatment of options.

5.3.3 The Option Formula
Besides the basic parameters discussed above, further parameters are necessary
to determine the value of an option:
— 'V, the current price of the underlying
— S, the strike or exercise price of the option
— T, the strike time (number of days until expiration)
— RF, the risk-free interest rate (e.g., the interest rate of the treasury bills)
— STDDEV, the instantaneous standard deviation of the underlying’s returns
We did already discuss S and T. As we are dealing here not with traded assets
(like stocks at the stock market), we will usually need to estimate the current
price of the underlying. As this poses no problem particular to option analysis,
we refer to the typical estimation processes that are made in product develop-

ment. Typically, this will lead to an NPV analysis. The parameter RF is also very
easy to estimate, as this actually refers to aspects of widely traded assets (i.e.,
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treasure bonds). The only severe problem here is the need to determine STD-
DEV, i.e., the standard deviation of the underlying’s returns.

This standard deviation can only be estimated by adequately looking back in
time. How did the expected value from such an asset, e.g., from such a product,
change. This is very difficult to estimate as usually, the current moment of evalu-
ation is the first time people think about the value of the asset and there is no
real track record in the real options case (as opposed to a stock). However, some
general references to estimates of the market at large will usually help (e.g.,
how did the market of internet products develop over the last 5 years). As a
higher standard deviation increases the value of an option, when in doubt the
standard deviation should be estimated smaller so as not to exaggerate the
value contribution of the option. A typical rule of thumb is to use 30%-60% for
a project.

Let us now analyze a specific situation in order to illustrate this approach to val-
uation. Company A has already a product line in place. Now, a new customer
comes in, however, he insists that he needs a different kind of user interface,
which is not yet covered by the asset base. This leaves the management won-
dering whether it should generalize the user interface in a way that allows easy
exchange. How much would be the value of performing such a generalization
(or modularization) of the architecture over a specific adaptation for the next
customer?

So the benefit that can be accrued here (the growth option) actually comes from
the potential of saving costs in developing further products with new user inter-
faces. (Note, that we can not use the whole value of the product as the underly-
ing as it would still be possible to perform a specialized adaptation of the prod-
uct again. However, we can take into account the added complexity of future
maintenance.) Usually, we will take here the NPV of the expected value of the
cost savings as a basis.

Of course, it is again difficult to estimate the standard deviation. As two extreme
scenarios we estimate that it can either never occur again that such an adapta-
tion is necessary or that it may happen twice a year. We use a very simplistic
approach to determining an estimate for the standard variation: we use a
sequence of 0, 40, 0, 40 (a projection over four years). This leads to a standard
deviation of ~23." This standard deviation of course grossly overestimates the to
be expected returns, as we used rather extreme values. As could be expected
from our initial estimate (it could happen twice a year or not at all), the standard

1 Note, that an more appropriate modeling would be the sequence would be 80, 120, 80, 120; meaning at
80 return there would be no benefit in this year, while at 120, the benefit of modularization could be ac-
crued twice. This modeling, however, would lead to an identical standard deviation. Note, that the most
accurate modeling of gaining several times the full value for a lower cost cannot be modeled directly with
a single option.
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deviation is rather high. This point illustrates a very important issue: a high stan-
dard deviation may easily result from unclear information of the situation and
not only from an intrinsic risk of the situation.

If we now assume that the additional cost for a modularization that would allow
the easy replacement of the user interface is about 0,1 of the cost of replacing
the user interface directly (leading to a total value of 1.1 times the value for a
direct replacement of the user interface), then we get the following parame-
ters:1 V: 100, E: 80, T: 360 (days), RF: 0,05, STDDEV: 0,23 (we have to give the
percentage). This yields an appropriate option value of 25. This value, however,
already includes the value for the already contracted product of 20. This return
was already included in the original estimate, thus we need to subtract it here,
leading to a value of 0.05 the cost of the user interface to match with the cost
of the modularization of 0,15. Thus, the value of the option is actually lower
than what we would pay for it. Thus, in the analyzed situation we would usu-
ally not perform the additional investment, as the value of the option turned out
to be lower than the cost for acquiring it over the expected time horizon.

As we will discuss in Section 5.4, this may for example change if we change the
analyzed time horizon as the option value is strongly dependent on the parame-
ters (especially the standard deviation).

The situation gets even more difficult if we take into account that additional
options are available.

5.3.4 Combining Options and Decision Trees

In the situation above we actually have more than one option. We could just as
well plan to develop a generic component that would enable us to develop the
various products at even lower costs. For example, let’s assume that we would
be able to develop a generic component, which would enable us to develop a
specifically adapted user interface for only 30% of the cost. However, on top of
any specific user interface development, this would cost us about 200% of a
single user interface. If we take a time horizon of two years and an expectation
of about 1 product per year that needs such a user interface (consistent with our
estimate above), than we would arrive at a value for the corresponding option
(i.e., reuse investment) of about 150% (V: 200, E:60, T:720, RF:0,05, STDDEV:
0,81)2. This is lower than the required investment, thus, no such investment
would occur. But, of course, this estimate critically hinges on our estimate of the

1 Note, that in order to get the full value of the next implementation, we still need to pay 80% of the price,
i.e., in order to get 100, we still need to invest 80. In order to simplify the presentation, we will not take
the need for discounted cash flows into account, i.e., usually we would need to perform a discount on our
base values.

2 Computations were made with the options plug-in by Ray Steele [Ste], based on european options.
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Figure 13:
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frequency of such products. Thus, we need also to take into account the situa-
tion that our estimate is too low. If for example, this situation occurs on average
1,5 times a year, than this will of course impact the overall value strongly.

If we compare this possibility, then we get the following parameters (we assume
a smaller standard deviation in this case as well): V: 300, E:90, T:720, RF:0,05,
STDDEV: 0,7. This leads us to an option value of 225%. This would be a clear
reason to perform the infrastructure investment. However, this is not compatible
with the current estimates, thur from the current perspective it is not a recom-
mended path of action.

This opens a third possibility: perform the modularization now, then observe the
market over the next year and determine the most adequate estimates. Based
on those determine again whether the necessary reasons for infrastructure
investments exist. This is shown in Figure 13.

This possibility of performing the investment into a reusable Ul implementation
has again a value of about 24% of the total value of an Ul implementation. (V:
140, E:200, T:360, RF:0,05, STDDEV: 0,7). However, one may not simply add
the two options, as they we can only exercise them in one of the two ways.
Thus, we need to estimate as well the likelihood of an increase in the estimate.
In Figure 13 we estimate this to be about 20%. Thus, we need to fold back the
tree, as we discussed earlier. This leads to a total value at point A (and as we dis-
regard discounting for now) at point 1 of 0.3*24+0.7*5 = 10.7. This is actually
higher then the required investment. Consequently, we would rationally decide
to perform this action.

Then after a year, we can reevaluate the situation and either continue to per-
form the single development or develop a reusable implementation.

Continue with specific
developments

o change
in estimate

! gperTorm

modularization
Develop reusable Ul

Estimate implementation

increases

Action node @ State node

The staged investment with options

3 Here, the value would be value of a full component 100 (in two years), at a cost (E: 60); further we get
STDDEV: 0,81, if we analyze a sequence of (60, 200, 60, 200).
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5.3.5 Product Line Options from a Market Perspective

So far we did only take into account cost savings in our options analysis. How-
ever, especially, if we look at time-to-market the impact of product line develop-
ment is much broader: it can lead to more rapid development, which in turn
may raise the worth of the products, particularly, if we are in a market-driven sit-
uation. In our options terminology this implies that the acquisition of the prod-
uct line itself can increase the value of the underlying. Current option pricing
theories do not address such cases.

Thus, in order to take this value increase into account in our analysis above, we
would need to add the additional product value to the cost saving. This would
of course increase the value of the corresponding option. It should be noted
that sometimes the main value contribution for product line development may
come from this time-to-market advantage. In this case the option modeling
needs to include the potential variation of the product values.

54 Consequences of Option Creation for Strategy Implementation

As discussed in the previous section, the influence of the created options on the
value of a certain strategy can be decisive for determining the appropriate path
of action. However, working out the detailed mathematics for each situation is
not a simple thing to do. Thus, we will focus in this section on some general
guidelines that can be deduced from our option analysis.

A key distinction that we need to make in order to discuss option value is the
distinction between options in the money, i.e., where the underlying is currently
at a higher value than the strike price, and options out of the money, i.e., the
underlying has currently a lower value than the strike price. (For put options
these terms are reversed.) In addition we call options where the underlying has
the same value as the strike price at the money.

Some initial heuristics emerge, once we analyze the parameter sensitivity of the
option formula:

Strike price vs. Underlying: For options in the money the value of the
option is mostly dominated by the difference between strike price and value
of the underlying (the further in the money, the smaller in proportion is the
added value). For options out of the money, the further the option is out of
the money the smaller is the value of the option (however, it always remains
positive).

Standard deviation: The value of an option strongly depends on the volatil-
ity of the underlying. For an option which is at the money, we can easily get
a fifth of the value of the underlying at a standard deviation of the underly-
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ing of 0,5. Moreover, for at the money options the value of the option is
roughly proportional to the standard deviation.

Time: The further away the expiration time of the option, the higher is the
value of the option.

Risk-Free Rate: The higher the risk-free rate, the higher is the value of the
option.

The above parameters are roughly sorted based on their impact. (The exact
impact may depend on the exact relation among the values.)

We can now turn to the question of what these parameters mean for product
line reuse:

e \Whenever the strike price is lower than the current value, it means, that the
investment into reuse is expected to pay off right away. So it will usually be
appropriate to invest in reuse right away. However, this may easily destroy
some other options, thus lowering the value.

e \When the value gained from reuse is expected to be lower than the neces-
sary investment, than it is key to analyze the implied options. A value differ-
ence of a fifth of the investment can easily be made up by the generated
option value for realistic parameters (STDDEV: 0.5; T: 3 years; RF: 5%).

e The higher the uncertainty involved in a product line situation, the higher is
the value of the generated options! Thus, any investment that increases the
future flexibility (and thus creates options) is encouraged, while any invest-
ment that reduces the flexibility is discouraged. In this sense any refactoring
activity and any development of reusable assets, that are still open to a large
number of products leads to a strong increase in the value. On the other
hand, even the development of reusable assets, that can only be applied in a
limited number of systems actually reduces the value as it will usually destroy
additional value. We can thus conclude:

— High uncertainty favors general infrastructure investments
— Low uncertainty favors the investment in specific reusable assets that have
a limited range of applicability

e The further we can look ahead in time (the pay back horizon for investments
usually depends on company policy), the higher will be the value of any
options.

The rules given above have been derived from analyzing the parameters from a
single call option. This corresponds to the basic growth option. We can also look
at other types of options:

e The waiting and the learning option, typically go hand in hand. We wait until
events unfold in order to learn more about the market situation. Sometimes
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we will explicitly prototype some technology or some products in order to
learn more. In order that here an option is created, we need to leave our
investment open in the sense that we focus on building rather general assets.
This has been already illustrated in the example in the previous section,
where developing specific assets for a reusable user interface were not
worthwhile, while the investment in some modularity that would later on
allow such an expansion lead to positive results. The advantage of such a
deferring strategy is the higher, the higher the uncertainty is.

e An exit option is typically created by being able to abandon a certain path
while still being able to recover part of the investment. This is typically the
case when the components built as a basis for a certain product can be
reused in a wide range of circumstances. The worth of this exit option
strongly depends on the uncertainty of this specific kind of product (or type
of product). Moreover, when valuing it one needs to take care not to value as
well the additional possibilities that are created as this would entail to take
the option into account twice.

e A switch option, i.e., the possibility to replace a component by another one is
very important if we do not yet know the specific functionality that is impor-
tant for a future product. Thus, if we need to commit, but have uncertainty
about the specific functionality that is needed, we are better of when creat-
ing a switch option when building the component.

While the above heuristics give some insight in the potential benefits of creating
options when building systems, there is still the difficulty of exactly determining
the benefits. In general, we thus propose the following path of action: deter-
mine the various actions that are possible (including deferring the decision) and
determine the options that are created in the course of action. If some path has
some high positive pay-off, these are the key paths. Out of those, select the one
with the highest number of options (unless the pay-offs are too different).

If some of the options are at the money, expect them to contribute about 10%
of the total value (for high uncertainty increase this value, for low uncertainty
decrease it). Usually, in this situation again the path of action with the highest
number of contributing (at the money) options will be the most favorable ones.
It should be noted, that this heuristic would have led to the same approach that
we determined by thorough mathematical analysis in the previous section.
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Successfully establishing a product family is not an easy feat. Supporting it con-
sistently over many years is even less so. In this deliverable with addressed the
basis for the successful, continuous operation of a product family by addressing
the need of an underlying strategy in which the product family must be success-
fully embedded. As the situations in which a product family can be successfully
applied are rather diverse, there can not be a single, fixed model of costs and
investments, that describes them all. Rather, a framework is required that
enables a product family organization to establish its situation specific criteria
for product family investments. This report provides a basis for this.

We propose a model of product line economics that collects the major influence
factors that exist for product family value and describes their interrelation. This
model provides a basis for the development of product family strategies. We dis-
cuss approaches for the derivation of product family strategies, focussing on
portfolio approaches and the balanced scorecard technique for characterizing
the strategy systematically in a numerical way. We even extend this technique by
providing a systematic manner for deriving the necessary metrics that are
required for controlling adherence to the product family strategy. As it is neces-
sary in the evaluation of future benefits to take uncertainty into account, we
also discuss the existing state of the art in evaluating future benefits.

In order to identify appropriate investments, it is not only required to estimate
the potential benefits, we also need to determine the necessary costs. We did
also address this aspect by providing a reference model for product family devel-
opment, that can be used as a basis for the analysis, especially when combined
with the GQM-approach [BCR94].

As a result, this report provides a basis for the strategic management of ongoing
product family development. However, as transitioning to a product family adds
major concers that have not been addressed in this deliverable, we see the need
to focus on this aspect in the context of our future work.
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Identification of Quality Drivers

B Identification of Quality Drivers

The quality drivers (or in this case more appropriate: the effort drivers) have
been identified from a number of sources. First of all, we need to differentiate
between situations that can be mapped to the classical situation of single-sys-
tem development. For this case we made use of existing collections of effort
drivers.

Based on the different reuse situations we subdivided the description of the
quality drivers into four main sections:

e Standard software development — these cost drivers are non-specific, they
apply for any software that is developed anew from scratch as system-spe-
cific, but they will also apply in addition in all the other situations mentioned
here.

e Adaptive reuse — these cost drivers are supposed to be relevant in the con-
text of white-box reuse, i.e., in case we take existing assets and modify them
in an appropriate manner.

e Development for reuse — an implementation is developed which is supposed
to be reusable in a generic manner.

* Development with reuse — given an existing asset, reuse does not come for
free. The factors impacting the cost of reusing are captured here.

B.1 General Cost Factors

In this section we describe some cost factors that are of general relevancy. As
this matches the context of classical single-system development, we do not aim
at providing a comprehensive list, rather we refer the reader to existing surveys
and cost estimation approaches [Boe81, BEM*98]. Rather, we give a short list of
factors that we found particularly relevant in the context of setting up a feature-
based cost-estimation effort.

As these factors can easily be found in other literature, we provide only a list
without further description.

—_

Novelty of functional requirement

N

Complexity of hardware-software interface

w

Importance of performance requirements
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Complexity of data structures and data management operations
Complexity of device dependent operations

Complexity of control operations

Importance of software reliability requirements

Importance of security requirements

Extent of memory constraints

Adaptive Reuse Cost Drivers

In this section, we describe some cost factors that impact the cost of white box
(i.e., adaptive) reuse. These factors where identified based on interviews.

Throughout this appendix we will refer to P" as the product that was the basis
for the development of the asset and P will denote the product P that is the aim
of reuse.

1

Match of functional requirements for the Feature F in P and P'.

Definition: the degree to which the functional requirements for feature F in
P and P’ differ.

Clarification: The larger this difference, the more rework is required to
adapt F from P’ to suite in P, the smaller the percental savings from imple-
menting F from scratch.

Externally visible from the user’s point of view.

Consideration: \Ways in which such differences can be manifested include:
- no differences, identical interfaces

- minor differences such as small cosmetic changes for the output

- some additional functionality has to be implemented

- profound differences.

Match of architectural embedding of features for implementation of feature
finPandP'.

Definition: The degree to which paradigms and implementation strategies
underlying the design and implementation of F in P* match those in P.
Clarification: The larger this difference, the more rework is required to
adapt F from P’ to fit for P, the smaller the percental savings.
Consideration: Examples of issues that constitute a mismatch include:
Different design programming paradigms (e.g., procedural vs. OO)

Different communication patterns: event-based vs. direct interaction, CORBA
vs. DCOM

Quality of documentation: scope / extent / completeness of documentation.
Definition: The degree to which design / implementation of feature F is doc-
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umented.

Clarification: The smaller the scope/extent/completeness of documentation,
the more work is required to complete the documentation, the smaller the
percental changes.

Consideration: Benchmark to assess the quality of the documentation are
the documentation guidelines for the target system. |.e., we consider how
much of the documentation that will be required for Feature F in P is already
available in P'.

Quality of documentation: Clarity / understandability of documentation
Definition: The ease with which the documentation of feature F can be
understood.

Clarification: The higher the understandability, the less effort is required to
judge to which degree F in P’ needs to be modified to fit in P, the larger the
percental savings.

The higher the understandability, the easier it is to identify in the design /
implementation of P'.

Consideration:

Quality of documentation: Traceability of design to code

Definition: The ease of which artifacts in the design can be traced to corre-
sponding artifacts in the code.

Clarification: The higher the traceability, the less effort is required to identify
the implementation of F in P’, the higher the percental savings.
Consideration:

Coupling to environment

Definition: The degree to which the implementation of F in P’ references
external resources.

Clarification: The more the implementation of F depends on external
resources, the more difficult it is to isolate the implementation and port it to
the new environment in P.

Highly coupled features are more fault-prone, hence will require higher effort
for testing, and fixing faults.

Consideration: external references can occur in the form of usage of global
variables (data interactions), invocation of functions / methods (functional
dependencies).

Only external references that are relevant to the performance of F's function-
ality required in P need to be considered here.

Percentage of new code

Definition: The percentage of code of the implementation of F in P that
needed to be added to what was recovered from F.

Clarification: The higher the percentage of code that needs to be added,
the higher the effort to develop the code and test the code. Thus, the smaller
is the percental savings as compared to directly implementing F in P.
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Consideration: New code may be due to new functional requirements, or it
may stem from interface considerations (e.g., implementation of a wrapper).

Complexity

Definition: The data, control, and functional complexity of feature F. This
impacts cognitive complexity imposed on the developer when analyzing/
designing/implementing/testing feature F.

Clarification: The more complex the Feature, the higher the percental sav-
ings that can be expected, as we can reuse a more “effort-loaded” asset,
that we do not need to re-implement.

Consideration: Understandability, structural complexity;

Interactions: with degree of difference.

Re-testing policy and need

Definition: Is there an established policy when a reused and modified fea-
ture needs to be performed.

Clarification: Such a policy helps to decide if a feature F in product P is
tested or not, which of course affects the percental savings that are higher if
the feature need not be retested. (This holds of course only under the
assumption that the policy is meaningful, i.e., retesting is only skipped if only
few errrors have to be expected.

Consideration:

10 Availability and knowledge of modification techniques and tools

Definition: Availability / Knowledge of modification techniques and tools to
support modification of F in P’ so that it fits in F.

Clarification: The use of such tools (e.g, for refactoring) can reduce the
effort required to perform the necessary changes. Such tools must 1) be
available and 2) the developers need to know them and how to use them.
Consideration:

11 Trust in implementation of F in P’

Definition: the degree to which the developers are convinced that the
implementation of F is reliable and efficient.

Clarification: The higher the confidence in the implementation, the less
resistance will there be to reuse the implementation of feature F, less effort
will be spent to look for other solutions. Also, it is likely that less effort will be
spent on regression testing then.

Consideration: Questions such by whom was the feature implemented, or
how extensively was it tested will play a role here.

12 Locality of implementation of Fin P’

Definition: Whether the implementation of F in P’ is one contiguous block,
or whether it is scattered over various places.

Clarification: The more the implementation is scattered, the more effort it
takes to cull these bits and pieces together, and intergate in P, The smaller
are the savings vs. implementing F from scratch.

Consideration:
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13 Formality of requirements

Definition: The degree to which the functional requirements are formally
expressed.

Clarification: The higher the degree of formality, the easier it is to assess the
match of functionality of F in P .and P’, and the easier the required modificta-
tions can be implemented. (The more formality, the easier the reuse).
Consideration: This factor is likely to be equal for all features

14 Match of quality (nonfunctional requirements) for F in P and P’.

Definition: The degree to which the nonfunctional requirements for feature
Fin P and P’ differ in that P has stricter requirements.

Clarification: The larger this difference, the more rework of F is required,
the smaller the effort savings from reusing F.

Consideration:

15 Availability of a domain model or domain model concepts.

Definition:

Clarification: Availability of a domain model helps during the requirements
phase (match candidate). The larger this difference, the more rework of F is
required, the smaller the effort savings from reusing F.

Consideration: This is not feature specific.

16 Domain-specifity of feature F.

Definition: The degree to which feature F is specific to the domain of prod-
uctP /P’

Clarification: The more domain-specific the feature is, the easier the feature
is to reuse (people are likely to be familiar with concepts and ideas underlying
the design/implementation of F).

Consideration: This is especially true when a domain model is available.
(Interaction with previous factor!).

17 Availability of experts for the domain, the old system, and the new system.

Copyright © Fraunhofer IESE 2003

Definition: Degree to which experts of the domain, the old system, the new
system can be meaningfully consulted (quality and availability of their exper-
tise).

Clarification: If experts are available, their expertise will speed up the reuse
process and reduce the risk of errors being made (avoiding pitfalls in the first
place, false assumptions etc.)

Consideration: Interaction with “Quality of documentation”. If excellent
documentation is available, additional availability of experts is not as benefi-
cial as when there is no or poor documentation.
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Cost Drivers for Reusing

Even in case we already have a rather generic implementation available, costs
may be incurred from reusing. The cost drivers in this section deal with this situ-
ation.

1

Adaptability of the generic implementation

Definition: The ease with which the generic implementation of F can be
integrated in product P.

Clarification: The easier the reuse is possible, the higher the realtive savings.
Consideration: Ease of adaptability, can reach from “verbatim reuse” - i.e.,
reuse without any modification, to parameterized reuse (where only some
parameters have to be selected), to implementing wrapper/glue code (in
varying amounts).

Residual variability (fine requirements)

Definition: Any functional "fine-grained" requirements for F in P that are
not captured by the generic implementation of F.

Clarification: The more requirements the generic implementation is missing,
the more effort is needed to integrate F in P, the smaller are the percentual
savings.

Consideration: This aims at functional aspects, whereas the first factors
aims more at the different reuse mechanisms.

Degree of complexity and abstraction of the domain context

Definition: The level of abstractions, objects behind them, that need to be
considered to make the transition from the generic to the specific case.
Clarification: The more complex the identification of necessary adaptations
is (e.g., for developing glue code), the lower the percentual saving.
Consideration:

Understandability

Definition: Degree to which the contents of the reusable asset is under-
standable..

Clarification: The harder it is to understand what is “inside” the reusable
asset, the more effort is required to integrate it in P, the smaller the percen-
tual savings.

Consideration:

Cost Drivers for Development for Reuse

In general the cost of development for reuse is higher than the cost for single-
system development. How much higher is impacted by various factors. Here we
capture these factors:
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Availablity of domain information

Definition: The degree to which information about the domain is available
Clarification: The fewer domain information is available, the larger the addi-
tional percentual effort for implementing F generically is, as this information
still has to be discovered/deducted.

Consideration: Two important sources of domain information that need to
be considered:

- Existence of a standard model for the domain

- Availablity of domain experts

Added functionality in the generic case

Definition: The added functionality of feature F in the generic case as com-
pared to the functionality of F in P.

Clarification: The higher the added functionality, the larger the additional
percentual effort for implementing F generically, and for testing the added
functionality.

Consideration: Two things need to be considered:

- the amount of added functionality (consider functional requirements across
all products in which F is implemented)

- the complexity of the added functionality

Feature complexity

Definition: The data, control, and functional complexity of feature F. This
impacts cognitive complexity imposed on the developer when analyzing/
designing/implementing/testing feature F.

Clarification: The higher the complexity, the more fault-prone is the the
implementation, the more faults have to be identified and corrected, the
higher the effort spent on this acitivity.

Consideration:

Wrapping the feature

Definition: The effort required to wrap the feature so that it can be used
easily in all products.

Clarification: The higher the effort to wrap the feature to make it generic,
the higher the overhead vs just implementing F in one product.
Consideration: \Wrapping up the feature involves isolation of the interface,
in order to generate a clean API.

Reuse implementation method

Definition: The method that is used to implement F generically.
Clarification: This can come in many different forms from domain specific
languages, to Frames, to components. The specific approach chosen will con-
siderably change the underlying effort model.

Consideration:

Performance constraints
Definition: Constraints on the CPU usage and memory usage of the imple-
mentation of feature F.
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Clarification: The generic feature must match the performance demands of
all products in which it will be integrated. Therefore, the most restrictive
memory/CPU usage requirements across all products must be applied. The
stricter these requirements are when compared to those for a feature F, the
larger the additional effort for implementing F generically.

Consideration:

7 Connectivity of F ("Vernetzung")
Definition: Degree to which F interacts with other features
Clarification: The more a feature F is connected, the more difficult it is to
implement F generically.
Consideration:
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