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1 Introduction

Software product lines (spls) are an emerging paradigm, which can help to increase
the efficiency of software development, thereby, decrease the development costs
for a single system within a given domain. That is achieved by exploiting similari-
ties between systems of a whole family of systems while managing their variability
in a systematic manner. The orientation towards spls is a strategical decision, which
affects the whole organization. This is because the setup of an spl needs initially an
high investment. Afterwards, the effort to build a system out of the spl is signifi-
cantly smaller compared to a single system development (cf. fig. 1). Hence, a num-
ber of systems needs to be build — and of course sold — out of the spl until the
break even point, the point where an investment generates positive profit, is
reached (cf. fig. 1).
The profit (1I) is defined as the difference between revenue (R) and cost (C)
I=R-C.

This definition implies two possibilities to expand profit: The first one is to reduce
costs, which is a major concern of spl research (Cohen 1999; Czarnecki 2005;
Krueger 2006; v. d. Linden et al. 2007; Schmid and Verlage 2002; Schmid 2002a;
Whitey 1996). The other lever is to raise the revenue, which is made by increasing
the sales or by implementing a higher price on the market without disproportional-
ly reducing the sales. This approach seems to be of minor importance for the spl
research community even though the price is a primal mean to recover the in-
vested effort. Sewerjuk (2008) directly addresses the pricing of spls, however,
without proposing a comprehensive method for price setting. Others (Chastek
2009; Helferich et al. 2006; Helferich et al. 2006a; Kang et al. 2002; v. d. Linden et
al. 2007; Miller 2009) discuss some marketing concerns of spls but without directly
bespeaking pricing.
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Figure 1: Break even point for spl investment (Schmid and Verlage 2002,

p. 51)
However, what is the profit-optimal price for a spl vendor? To answer this, one is

faced with the special properties of software or digital goods in general (Buxmann
et al. 2008, p. 1). Amongst others there are two important facts: At first software
raises high fixed costs for the first copy but low marginal costs for any further
copy sold. The fixed costs are due to analysis, design, implementation, and testing
of the software system. The variable costs for any further copy mostly raised by
pressing a software CD or DVD, printing the manual or maybe running a server,
which offers the software for download (Shy 2001, p. 53). The fixed costs are
mostly sunken costs — that means the costs cannot be influenced after they are ac-
crued (Buxmann et al. 2008, p. 19).

The constellation of high fixed cost and low marginal cost implies that cost
based pricing is not feasible. Because every price above zero results in, caused by
marginal costs near zero, a positive total contribution margin (Shapiro and Varian
1998, p. 24). Another pricing approach is required. One approach is to set the
price according to the customers' idea of a desired price level. Albeit the sales
quantity can be increased, the overall profit would be forced down because the
price would generally be under the true willingness to pay of the customers. To
avoid this hassles value based pricing has been proposed (Kotler and Armstrong
20006; Nagle and Hogan 2006; Shapiro and Varian 1998).

Value based pricing means that the price of a product is set according to the
true value it has for the customers. Optimally each customer pays exactly the price
he or she is willing to pay — the prices are totally differentiated. However, the ques-
tion arise how to implemented value base pricing in practice? In order to achieve
this a method needs to determine:

Initial investment
.

Break even
eak eve Number of products

e the customer-attached value of the product,

e the market segments to address,

e the structure of the price,

e the appropriate price setting procedures and tactics and,

e has to integrate current state-of-the-art pricing methods and tools.
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The last point addresses the extensive body of literature that comprises several
aspects of pricing (e.g. Belleflamme 2006; Deneckere and McAfee 1995; Kuenne
1998; McAfee 2007; Monroe 1990; Phlips 1983; Vives 2000; Wilson 1993). How-
ever, each addresses the competitive forces (i.e. customers, competitors, suppliers,
entrants,substitutes) (Porter 1998) differently and hence cannot be mixed without
considering existing interdependencies. The orientation towards spls is a strategic
decision. This has to be complemented by a s#razegic pricing approach, which raises
the profitability of a spl over its whole life cycle. A generic approach, which firstly,
addresses value based pricing strategically and, secondly, incorporates different
pricing tactics in a comprehensive framework is suggested by Nagle and Hogan
(2006). The framework lacks of a formal description and a specialization for spls.
Hence, it needs a formalization and a specialization to spls.

To get a pricing method which is applicable for as much as possible spl prac-
tices a general approach should serve as a basis for the description of the depen-
dencies between pricing and spl practices. Clements and Northrop (2007) describe
such general practices.

The depicted problem area implies some challenges which have to be mas-
tered. First of all, the pricing method of Nagle and Hogan (2006) needs a formal
description in order to relate its activities to roles and processes of spl practices.
One promising way to do so is method engineering (Brinkkemper 1996). Second
of all, the specialized pricing method needs to be integrated into the overall spl
development process.

The paper is going to present the key points of a formal description of the
framework, specialize it, and relate pricing with existing spl practices. A conclusion
summarizes the discussion and points to ongoing research activities.

2 The Pricing Framework of Nagle and Hogan

Nagle and Hogan (2006) propose a framework to implement value based pricing.
The application of such a strategy requires:

e data about competitot's offers and its prices,

e data about the customers and their product's valuation as well as

e an understanding on how the value differs across market segments.
This enables setting unique prices for each market segment. The strategy is
proactive because it educates the customers and also the competitors instead of
reacting to their moves. Due to existing information asymmetries between custo-
mers and producers, customers are often not aware of the true value a software
product spends. Hence, it is crucial to communicate its value to them. Many cus-
tomers are well informed about price rules and margins and pursue aggressive
negotiation tactics. Thus, consistent and clear pricing and discounting policies are
pivotal.
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A value-based pricing strategy consists of five levels of activities, which are based
on each other (Nagle and Hogan 2006, p. 16). On top is the final price level.
However, the determination of this level entails four more levels which lay the ba-
sis.

The floor level is laid by value creation. A firm has to gain a deep understand-
ing on how its products are differentiated to the offers of its competitors and how
they create value for its customers. Additionally, it is decisive to know how the
product creates value across different market segments.

If sufficient knowledge about a product's value has been built and market seg-
ments and their properties are identified, the next step is to align the price with the
value delivered to the different segments. Therefore, two techniques have been
described, namely price metries and fences. Price metrics are the units by which a
price is applied to a product. Fences are used to separate different segments from
each other. They are criteria that customers must meet to qualify for discounts and
reflect the value as well as the cost created by the sold product. For pricing of spls
mainly bundling and tie-ins are interesting, but segmentation by customer characte-
ristics or geographical regions are also promising tactics.
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Figure 2: Process to implement a value-based pricing strategy

It is not sufficient just to implement metrics and fences which reflect the value and
the segments of the considered product. In particular the prices must be justified
based on the value the product creates for different customers. If the value com-
munication fails, price sensitivity will increase. This holds not only for private cus-
tomers but also for business customers. Business purchases are largely driven by
economic value the product spends. Hence, the sales force needs effective tools to
communicate the true value of the product. Such tools range from selling sheets to
product customization tools (Nagle and Hogan 2000, p. 21). Domain specific
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languages help to realize a product customization tools for customers as well as for
the sales force.

Pricing involves the management of the expectations of customers. These ex-
pectations are affected by the company's commitment to enforce pricing policies.
Pricing policies are defined by an pricing steering committee, which consists of
managers of all departments affected by pricing decisions. If the policies are only
weak enforced, customers are taught to aggressively negotiate on prices.

There is one ultimate goal for pricing: align it to the competitive forces in or-
der to maximize profitability. The final price level is influenced by several factors.
The selling volume, the cost to cover, the market share, competitors, and the ex-
pected long-term profitability. These different factors are differently weighted by
the several company departments. For example the marketing department weights
long-term profitability and customer satisfaction higher than the finance depart-
ment which on the other hand weights costs to cover higher. It is vital to incorpo-
rate all these sources systematically into one decision model.

A overview about a pricing process for spls derived from the findings Nagle
and Hogan (2006) depicts fig. 2. Even though the description of the model refer-
ences spls, the activities of the model purely focus on price setting. How to incot-
porate these activities into the spl practices is subject of the next part. Which is
going to present the idea of spls at a glance.

3 Software Product Lines

Spl practices increase the efficiency of software development by systematically ex-
ploiting commonalities between software systems of a family of related systems
while managing their differences in a systematical manner (Clements and Northrop
2007, pp. 5-6). It is important to distinguish between a product line and a product fam-
ily. A product line “is a group of products sharing a common, managed set of fea-
tures that satisfy the specific needs of a selected market” (Whitey 1996, p. 15). On
the other hand a product family “is a group of products that can be built from a
common set of assets” (Whitey 1996, p. 13). Sometimes a product line is called a
marketed software product line and a product family is called an engineered software product
line (Helferich et al. 2006a). To foster reuse a product line needs to be based on a
product family.

Several methodologies to develop software within a spl exist (Bayer et al. 1999,
Bockle et al. 2005; Kang et al. 1990; Kang et al. 1998; Czarnecki and Eisenecker
2000; Schmid 2002). They all comprise three main processes: domain engineering, ap-
plication engineering, and management (cf. fig. 3) (Clements and Northrop 2007).

The domain engineering — sometimes also referred to as core asset develop-
ment (Clements and Northrop 2007) or product line engineering (Kang et al.,
2003) — is development for reuse. Within this process the domain of interest is
analyzed, designed, and finally implemented (Czarnecki 2005). The domain analysis
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process serves two important purposes. The first is to select and to define — to
scope — the domain of focus (Schmid 2002) and the second is to collect relevant
information and organize it in a coherent domain model. One part of the domain
model describes common and variable features, mostly in form of a feature model.
A feature model is used to describe the commonalities and the variability of sys-
tems in a domain by means of features — “a distinguishable characteristic of a con-
cept that is relevant to some stakeholder of the concept” (Czarnecki and Eiseneck-
er 2000, p. 38). The result of the domain design is a common architecture for a
family of systems and a production plan, which describes how to produce concrete
products out of the core assets. Finally, the architecture, the reusable components,
and the production plan are implemented in the domain implementation activity.
Application engineering — sometimes also referred to as application develop-
ment (Clements and Northrop 2007) or product development (Kang et al. 2003) —
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is development with reuse. Within this process concrete products are produced by
means of customers requirements which are used to specify the desired product.
Afterwards, this specification can be used to manually, semi-automatically, or
automatically configure a system (Cohen 1999). After configuration the system is
tested and integrated into the production environment.

The third process is management. Clements and Northrop (2007, pp. 45) iden-
tify two main categories: fechnical management and organizational management. Technical
management oversees domain engineering as well as application engineering and
tracks the development progress. Organizational management is responsible for
allocating resources and — eventually — for the overall entrepreneurial success of
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Figure 3: Software product line practices
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the company. It has to integrate “development, production, and marketing of
products that meet customer needs” (Niehaus et al., 2005). Furthermore it is part
of the interface to the customer and therefore responsible for analyzing markets,
define roles in the specification process, implement processes to govern customer
interactions, and finally selling the configured and tested product (Clements and
Northrop 2007, pp. 219, 2306).

4 Incorporate Pricing into Software Product Line Practices

With the outline of the specialized pricing method and a quick survey on spl prac-
tices at hand the combination of both can be approached. Figure 4 depicts the ap-
proach. The general pricing method of Nagle and Hogan (2000) is deductively spe-
cialized for spls in sec. 3. Afterwards, this specialization is connected to the spl
practices. This results in specialized practices for spl development.

Nagle/Hogans Pricing Method Software Product Line Practices

Pricing Method for SPLs —’{ SPL Practices With Pricing

Figure 4: Combination of pricing and spl practices depicted as
a UML class diagram

The subject of this section is the compositional dependency in fig. 4, which implies
that the activities of the pricing method need to be mapped to the subprocesses,
activities, and roles of the spl practices. These mappings are described next.
Concept creation, value estimation, and market segmentation are activities that
match to the activity domain analysis. While concept creation is part of scoping,
the value estimation has to be performed within the domain modeling activity be-
cause in this phase all relevant stakeholders are at hand. Additional market research
should be done by the organizational management in subprocess management to
verify the results of the first steps. With an idea about the different valuation of the
spl features, the next step is to segment the market. This is mainly done by the or-
ganizational management as part of the management subprocess. Nevertheless, it is
worthwhile to consult the domain analysts to get feedback, to double check the
results, and finally to gave the domain analysts the newly gathered data to refine
the domain model. Hence, the feedback loop has to be implemented between the
scoping activity and the domain modeling activity of the domain engineering sub
process. Before the features of the spl can be implemented, the price structure
needs to be developed. A price structure at hand gives an idea about the possible
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profit margins of the features to implement and therefore a good rationale to pri-
oritize the implementation of the features. The development of an appropriate
communication strategy is in the responsibility of the organizational management
and is approached after the development of the price structure and in parallel to
the domain implementation activity.

The rules of the pricing policy are defined by the pricing steering committee,
which is part of the organizational management. Additional relations depend on
the type of product configuration. If the product configuration is semi-
automatically or even automatically, pricing has also be automated to preserve the
scalability of the whole spl approach. Hence, within domain design it must also be
considered to design a tool which organizes the price components of all features.
The tool needs to allow price differentiation between market segments by consi-
dering feature selection. Based on a given feature selection, a pricing policy, and a
identified market segment the tool needs to have the capability to calculate a final
price for a concrete product of a spl. This tool is a software artifact and needs to
be implemented during domain implementation. The pricing policy as well as the
tool are used while product specification to negotiate the price and the received
value (i.e. the product features) with the customer in the application engineering
sub process.

The final price level for the different features and feature combinations for the
identified market segments are based on the data collected before, as activity of the
management sub process by the organizational management. To optimize the price
organizational management needs feedback from the application engineering sub
process about the customers reaction on the prices. If this feedback cycle ought to
be automated and an automated price optimization technique (Nagle and Hogan
2006, pp. 140) is desired, this has to be considered during domain design and do-
main implementation.

The final activity is to communicate the prices and price policies to external as
well as to internal stakeholders. This is part of the management sub process and
done by the organizational management du to its relations to both groups of
stakeholders and its authority to enforce the pricing decisions.

The feedback loop to adjust the pricing policies is triggered by the sales force
and consultants, which are both part of organizational management. Consultants
are also involved in the application engineering process because of the support
they give to customers during product specification.

5 Conclusion and Future Work

The previous section presents a promising combination of pricing and spl practic-
es. Currently, no integrated approach for pricing spls is available. Thus several
problems need to be solved until such an approach is present.
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The above mentioned mapping relies on the description of Clements and
Northrop (2007). As stated before there are several, detailed spl engineering
methods described in the literature. It has to be investigated whether and how the
described mappings could be integrated into these methods as well.

The specialized pricing method presented in this paper considers only the first
phase of a software product's life cycle. It seems to be important to analyze how a
pricing strategy covers transformations between all life cycle phases (Nichaus et al.
2005). Especially software maintenance is a emerging source of profit for todays
software vendors. Strategies are required, which help to engage customers on the
costs of evolving a spl. Initial ideas from the traditional software industry are main-
tenance contracts. Against a fee the vendor guarantees to maintain the sold soft-
ware for a period of time.

Particularly spls with many features generate high effort to assemble concrete
products out of the core assets. Hence the assembling has to be automated or at
least semi-automated to reduce this effort. In such situations the effort can be tre-
mendous to decide for a concrete derived product what price aligns to the pricing
strategy and follows the price setting policies. To preserve the scalability reached
through the automation of the product assembly it is crucial to automate the man-
agement, calculation, and tracking of the prices as well. The question is, where to
provide the prices of the features for the different segments and how to design a
tool which helps managing the prices in a comprehensible way. A promising way
are feature models (Kang et al. 1990).

Finally, the last question is, how to ensure that the described method is feasible
and will effectively increase the overall profit of a company? Empirical evidence is
needed to convince the industry of the helpfulness of the described approach.
Pricing comprises critical and even risky decisions for every business. Therefore it
will be unlikely to find a firm that bears the risk of the first adopter to implement a
case study. Other ways have to be found to generate confidence. One idea is to set
up an experiment based on the findings and approaches of the field of experimen-
tal economics.

To summarize, the paper presents a method to price products of spls, which is
based on a general pricing method. This method is mapped to processes and ac-
tivities of spl practices. The raised research questions point to further research top-
ics which need to be studied to finally end up with an integrated pricing approach
for spls.
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