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Dale R. Peterson

Convergys Corporation
Cincinnati, OH 45202 USA
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Abstract. Software Product Lines (SPL) offer tremendous potential to
improve a company’s competitive position and responsiveness to chang-
ing market needs. However, unless the full benefits and costs are well
understood by executive-level stakeholders, the probability of success
will be low. An SPL economic analysis framework is presented that is
based on the author’s experience with SPL adoption at Convergys. While
derived from the Convergys experience, it is hoped that this framework
will be of value to other companies contemplating a transition to an SPL.

1 Introduction

The transition from traditional software development where products are devel-
oped independently from one another to an approach that is based on multiple
development groups working in a collaborative fashion to deliver products to
market requires a massive change in how things are done. The investment costs
and risks, as well as the downstream benefits can be significant. Gaining execu-
tive stakeholder buy-in to making the investment requires a business case that
translates the qualitative benefits so often cited for software product lines into
concrete business benefits. The business case process can be an effective decision
making tool for not only deciding whether an organization should transition to
an SPL, but also how best to make the transition a success. An understanding
of the size and timing of the cash flows will enable the organization to assess
its transition strategy, and determine the degree to which it should adopt an
incremental and iterative approach. This paper describes the approach that was
used at Convergys1 to assess the financial impact associated with its transition
to an SPL. While it is based on the Convergys experience, it is hoped that it
will be of value to others considering a similar transition.

This paper is organized as follows. Section 2 provides the context behind
the Convergys initiative. This context should enable others to determine its
potential applicability outside of the original setting. Section 3 contains a high
level description of an heuristic model for quantifying the economic benefits.
Section 4 provides a qualitative discussion of the major cost elements, and time
and cost drivers associated with the transition project. Section 5 contains an

1 Convergys (R) is a registered trademark of Convergys Corporation or its wholly
owned subsidiaries.
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example economic analysis that is based on a simple transition project scenario.
Section 6 describes a set of metrics that could be used to track business case
results against the economic model predictions. Section 7 contains a summary
and set of conclusions. The Appendix contains a more detailed derivation of the
benefits model.

2 Context

The scenario that this framework is based on is as follows.

Existing Product Family There is a family of products already in existence.
While there may be an opportunity to deliver new products in the future, the
focus is on improving the way existing products are developed and delivered.

Independent Product Development The starting point for the transition is
a set of products that are independently developed by different organizations
that utilize a diverse set of platforms, technologies, development processes,
and product architectures.

Large, Complex, Mission-Critical Systems The products are large, com-
plex systems with footprints that span multiple application domains. The
systems must meet stringent requirements for performance, scalability, avail-
ability, and operational cost.

Preserve Existing Software Assets There continues to be a significant in-
vestment in the existing products. The time and cost to build a product
line based on new components is prohibitive and/or the risks are too high.
Therefore, the decision is made to mine the existing asset base, possibly with
new development in selected (and small) domains.

Component-Based Product Line Architecture The strategy is to adopt a
component-based product line architecture, consisting of a common set of
platform technologies, middleware components/frameworks, and business-
level application components.

Very Large-Grained Components Because the strategy is to mine existing
assets, the approach is to start with very large-grained components, and to
subsequently break down the large components into smaller components.

Component Factory The vision for the software factory is a set of component
groups that act as suppliers to the product groups.

Figure 1 shows a conceptual model of the envisioned software factory. Individual
products serve specific vertical markets. The market needs are translated into
requirements against the various products, and new features are allocated by
a common architecture group to the different components (in general, a given
feature will span multiple components). The common component groups deliver
new releases to the product groups, which then extend, adapt, configure, and
integrate the components to deliver new product releases.
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Fig. 1. Conceptual model of the component-based software factory.

3 Financial Flexibility

The benefits that motivated the SPL approach at Convergys are:

R&D Investment The ability to leverage the R&D investment across the
product family by reusing a common set of components.

Subject Matter Expertise The ability to leverage subject matter experts across
the product family by concentrating domain subject matter experts with
similar skills and knowledge into centralized groups that serve all products.

Productivity and Quality Improving productivity and quality by breaking
large, monolithic applications into smaller, more manageable projects, and
by utilizing components that encapsulate their functionality.

Time to Market Increasing the rate of delivery of new capabilities to market
and enabling new products to be delivered faster by reusing well established
components.

People Mobility Provide employees with more career development opportuni-
ties by standardizing on the development environment and processes, thereby
reducing the learning curve associated with a move to a new project.

Supplier Relationships Standardizing on the platforms and development en-
vironment enables a more effective leverage of supplier relationships.

Geographic Flexibility Standardizing on component-based development facil-
itates the distribution of development responsibilities across locations.

Sourcing Flexibility A modular architecture enables greater flexibility to build,
license, or acquire software.

E C O N O M I C S  O F  S O F T W A R E  P R O D U C T  L I N E S
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Product Refresh A modular architecture facilitates the process of refreshing
the product family as new technologies and/or software components become
available.

Given the anticipated size of the investment, it was necessary to go beyond the
qualitative arguments listed above, and to develop a quantitative statement of
the benefits. The approach taken was to focus on the benefits associated with
productivity improvement and leverage associated with establishing a common
set of components upon which members of the product family would be based.
Over the years, numerous software reuse economic models have been developed
(cf. [1–3]). Most of the models focus on the benefits associated with cost re-
duction or cost avoidance. Others have taken a more strategic view of product
line economics in the context of a company’s overall business strategy and mar-
ket goals[4]. The motivation for developing yet another model was the desire to
relate the concepts of commonality and variability, which are fundamental to
software product lines, more directly to the economic benefits.

To motivate the benefits model, consider Fig. 2 below. It depicts the set of

Fig. 2. A Venn diagram illustrating market needs overlap for a family of three products.

needs for three distinct markets. In general, there will be needs that are unique
to each market. However, there will also be an overlap between those needs.
Some needs will be common to two of the three markets, while other needs
will be common to all three markets. The question then becomes, is there an
architecture that enables common components to be built that incorporate the
common needs, but also allow for variations and extensions to accommodate the
unique needs? Based on an understanding of the requirements commonalties and
variabilities, as well as on the component architecture, it should be possible to
quantify how much of the development work will be performed by the component
groups versus the product groups.

The Appendix describes a model that quantifies the benefits associated with
improved productivity and the use of common components, based on the con-

E C O N O M I C S  O F  S O F T W A R E  P R O D U C T  L I N E S
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cept of overlapping market needs. The first version of the model considers the
people savings associated with eliminating redundant software development and
increasing productivity. The result is (for a single component):

∆S =
[
1− 1

(1 + δp) (1 + (Nλ− 1) ω)

]
S̃ (Reduce Cost Version) (1)

The notation is as follows. First, S̃ stands for the number of developers required
in the case of independent development (no reuse, no productivity gain). Next,
N stands for the number of products using the common component. The param-
eter δp stands for the relative change (positive or negative) in productivity (for
example a value of zero means no improvement, while a value of 1/4 means a
25% increase). The parameter ω quantifies the commonality among the product
requirements. In terms of Fig. 2, a commonality of one would mean a totally
overlapping set of requirements, while a commonality of zero would mean the
set of requirements for the different markets would be completely disjoint from
one another. Finally, the parameter λ is a measure of the leverage that the prod-
uct groups gain from the work performed by the component groups. The reason
for this parameter entering the model is that not all features developed by the
component groups will benefit all of the product groups.

Note that the cost to reuse a component is not explicit in the above equa-
tion. The cost of reuse in this model enters in two ways. First, the productivity
change, δp may be negative. This would be the case if the productivity improve-
ment associated with the component approach is offset by the resulting overhead
due to the component groups building for reuse rather than a single product, as
well as the management, governance, and coordination overhead that accompa-
nies the collaborative development paradigm. Second, the costs associated with
establishing a common set of reusable components enters by way of the invest-
ment needed to reengineer the existing product family, which is the subject of
the transition cost model.

This version of the model corresponds to the ”decrease the development effort
per product” hypothesis discussed in [5].

We note that for the special case where δp = 0, ω = λ = 1, this equation
reverts to the simple form:

∆S =
(N − 1)

N
S̃ (2)

The second version of the model looks at the benefits associated with increasing
the throughput of the software factory (i.e. by doing more work with the same
number of people):

∆S̃ = [(1 + δp) (1 + (Nλ− 1)ω)− 1] S̃ (Increase Throughput Version) (3)

This expression is derived by allocating the staff savings from equation (1) back
to the component and product groups, and comparing the resulting throughput
with the baseline (independent development) case. The expression above then is
a statement of how many additional people would be needed in the baseline case

E C O N O M I C S  O F  S O F T W A R E  P R O D U C T  L I N E S
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to obtain the equivalent level of throughput as is realized by the new software
factory. The figure below illustrates the relative benefits associated with the
two versions of the model. Intuitively, increasing throughput should result in a
more competitive set of products, which in turn should drive revenue growth
and market share. However, we have taken the more conservative approach to
quantifying the benefits. This version of the model corresponds to the ”develop
more features with a given amount of money” hypothesis discussed in [5]. In

Fig. 3. Graph showing relative cost avoidance benefit for selected parameters.

general, the savings associated with increasing throughput are greater than the
savings associated with staff reductions.

To summarize, the model suggests that the adoption of a common set of
components provides financial flexibility2, i.e. the ability to reduce investment
while maintaining the same rate of delivery of new capabilities to market; or
the ability to increase that rate of delivery without increasing investment levels.
Combinations of the two approaches are also possible.

4 Transition Time and Cost

For many organizations, transitioning to an SPL is a complex and investment-
intensive undertaking (cf. [7–13]). The complexity derives from the many, simul-
taneous changes that must occur to the organization, processes, architecture,
and software assets associated with the product family. These changes must be
coordinated in such a way as to minimize the disruption to ongoing product
development projects.

This section contains a qualitative discussion of the types of costs that the
Convergys business case had to account for, along with a discussion of the major
2 See reference [6] for another view of flexibility.
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factors that we have seen drive the size of the effort, and their duration. Time is
important because the business case in general will be sensitive to the relative
timing of the costs and benefits. We begin with a high-level description of the
major cost elements. Next, we outline some of the key factors that have driven the
transition cost level and time duration. Finally, we show the mapping between
the cost elements and the drivers.

4.1 Cost Elements

The cost elements are grouped into four categories: architecture, process, orga-
nization, and implementation.

Architecture This category covers all costs associated with establishing a tar-
get product line architecture, technology standards, and an architectural evolu-
tion strategy and plan.

Domain Analysis Domain analysis is concerned with understanding and doc-
umenting the requirements commonalties and variabilities. This is a key
input to defining the target architecture.

Target Architecture The target architecture specifies the common component
boundaries, scope, interfaces, and variation points.

Technology Standards A common set of technology standards must be agreed
on that deal with operating systems, programming languages, data base
management systems, graphical user interface technologies and user in-
terface look and feel standards.

Current Architecture In order to establish realistic architecture migration
plans, an understanding of the current architectures employed across the
product family are needed.

Migration Strategy and Plan The architecture migration strategy and plan
is the roadmap for evolving the existing product family to the target
architecture. It addresses how and when architectural modifications will
occur across all products and domains.

Process This category covers all costs associated with establishing a target
process architecture and set of process standards, as well as establishing a process
migration strategy and plan.

Target Process The transition may require a major overhaul to existing pro-
cesses. Critical areas to examine include the software release planning,
specification, and commitments process (a given product group will de-
pend on the timely delivery of new component releases from multiple
components groups, and the component groups will find themselves hav-
ing to meet the needs of multiple product groups); capacity planning and
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management (allocating staff between the product groups and component
groups is a complex production scheduling problem); software support
(defining the technical support tiers and support service level agreements
between component and product groups); and technology coordination
(coordinating the upgrade to third party software, such as operating sys-
tem upgrades, new releases of data base management systems, etc.).

Current Process An understanding of the suite of existing processes across the
organization is needed to develop realistic process migration strategies and
plans.

Process Standards Standards that must be agreed to by the various compo-
nent and product groups to ensure the smooth operation of the software
factory (for example, component documentation and packaging standards,
establishment of a common set of artifacts, especially artifacts that cross
component-product boundaries, such as requirements specifications, and
project status tracking and reporting).

Tools Standards Establishment of development environment standards, such
as requirements and design documentation, testing, and configuration
management.

Metrics Establishment of a common set of process metrics.

Technical Governance The establishment of a set of processes and infrastruc-
ture to ensure conformance to the architecture, technology, and process
standards.

Migration Strategy and Plan Establishment of a process migration strategy
and plan that addresses how and when the new processes will be deployed
within the organization.

Organization This category covers all costs associated with organizational
architecture, training, change management, and overall transition planning and
management.

Strategic Planning Development, communication, and enrollment in the SPL
vision and umbrella transition strategy.

Program Management Managing the inter-organizational and inter-project
dependencies during the transitioning effort, communicating status, progress
and jeopardies to the major stakeholders.

Change Management Focused on enrolling the organization in the need for
change, fostering awareness, communicating success, and working organi-
zational change management issues throughout the transition.

Training Curriculum Curriculum development that addresses critical skills
gaps within the organization, such as domain analysis, component-based
development methods, and process design, as well as curriculum develop-
ment associated with the new software development processes and process
standards.

E C O N O M I C S  O F  S O F T W A R E  P R O D U C T  L I N E S
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Organizational Design Mapping the target process architecture into an or-
ganizational structure.

Migration Strategy and Plan Developing the overall organization migration
strategy and plan.

Implementation This category covers all costs associated with implementing
the strategies and plans for transforming the organization, process, and software
assets to conform to the target architecture.

Components Instantiation of the components defined in the target component
architecture through a combination of reengineering, mining, new devel-
opment, and licensing/acquisition.

Products Instantiation of members of the product line based on the target
architecture and common components. This work involves some combina-
tion of reengineering existing products to use the common components,
and/or retiring existing products and building new ones from the common
components.

Process Implementing the new processes, conducting process pilots, training
the organization on the new processes, process standards, and tools.

Organization Restructuring the organization to operationalize the new soft-
ware factory.

4.2 Cost Drivers

The factors that we have seen influence costs are as follows.

NP - Number of Products The number of products within the existing fam-
ily will have an impact on all four of the cost categories.

NC - Number of Components The number of components that are within
the scope of the product line have an impact on the architecture and
implementation categories.

PC - Number of Product-Component Combinations There are some el-
ements that are sensitive to the number of product-component combina-
tions.

AQ - Architectural Quality Adherence of the existing software assets to such
architectural qualities as modularity, maintainability, etc. can have a ma-
jor impact on the architecture and implementation efforts.

TS - Technology Standardization Level The level of technology standard-
ization across the existing products (the number and variety of platforms,
programming languages, use of third party software, adherence to indus-
try standards, etc.) can have a major impact on the architecture and
implementation costs.

PS - Process Standardization Level The level of software process standard-
ization will impact process and implementation costs.

OS - Organizational Size The size of the development organization will im-
pact the process, organization, and implementation costs.

E C O N O M I C S  O F  S O F T W A R E  P R O D U C T  L I N E S
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DP - Software Development Practice There are a number of software de-
velopment practice areas that can have a major impact on the effort to
architect the product line. In particular, the existence of good require-
ments and architecture documentation practices will greatly facilitate the
domain analysis, current architecture, and architecture migration plan-
ning efforts. Lack of good practice in these areas may require that these
artifacts be re-constructed as a precursor to making forward progress.

4.3 Time Drivers

In general, the cost drivers discussed above also have a direct impact on the
time its takes to transition to an SPL. In addition to these drivers, there are
drivers that, while not having a major impact on the cost, nevertheless can have
a dramatic impact on the time it takes to effect the transition. Since the business
case depends critically on the timing of the cash flows, these drivers should be
factored into the SPL timeline as much as possible. The factors that we have
seen influence the transition timeline are as follows:

SM - Subject Matter Expertise Availability of subject matter experts (peo-
ple with specific skills, such as architects, or people with specific domain
knowledge) is a major factor across all categories. It is insufficient to have
the investment dollars. Subject matter experts will be needed in the ar-
chitecture, process, organizational, and implementation areas. However,
subject matter experts are typically a scarce resource that are needed to
support the existing product development projects. The inability to assign
these resources to the SPL transition can have a negative impact on the
rate of progress.

RD - R&D Constraints The company will have to decide between the level
of investment in the SPL versus investing in its existing business. This
issue tends to surface when the transitioning effort becomes investment
intensive, i.e., during the middle phases of the project.

CL - Culture The SPL approach requires the organization to establish a com-
mon set of cultural values and a common way of doing things. Organiza-
tions that have a tradition of independence can find it difficult to let go
of the established norms, and resist change on any kind. Thus, lack of a
culture that is conducive to the SPL paradigm will have a major impact
across all categories.

LE - Lexicon Organizations that have worked independently from one another
tend to establish their own terminology to describe concepts relevant to
their application. Thus different terms are used by different groups to
describe the same concept. When these groups attempt to work together
to conduct, for example, a domain analysis, a communications barrier may
exist due to a single term having multiple conflicting interpretations, or
due to multiple terms that refer to the same concept.

GE - Geography A highly distributed development organization presents a
number of challenges that are not unique to SPL, yet need to be factored
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into the transition timeline. In particular, communications and coordina-
tion can be a major challenge if the organization is highly distributed.

LC - Learning Curve The SPL approach requires a new set of skills not typ-
ically found in the development community, such as domain oriented soft-
ware engineering, component-based development, and formal architecture
methods and practices. The lack of experience in these areas can have a
major impact on the architecture and implementation timelines.

4.4 Element to Driver Mapping

The table below summarizes the mapping between the various cost elements and
time and cost drivers.

Cost Element → Mapping

Category/Element NP NC PC AQ TS PS OS DP SM RD CL LE GE LC

Architecture
Domain Analysis x x x x x x
Current Architecture x x x x x x x x
Target Architecture x x x x x x x x x x
Technology Standards x x x
Migration Plan x x x x x x

Process
Current Process x x x x x
Target Process x x x x x x x
Process Standards x x x x
Tools Standards x x x
Metrics x x
Technical Governance x x x x x
Migration Plan x x x x x

Organization
Strategic Planning x x x x x x x x
Program Management x x x x x
Change Management x x x x x x x x x x
Training Curriculum x x x x x x
Organizational Design x x x x x x x
Migration Plan x x x x x x

Implementation
Components x x x x x x x
Products x x x x x x x
Process x x x x x x x
Organization x x x x x x x

Weighting factors have not been applied in the table above, therefore not all ”x’s”
are of equal importance. The major cost drivers are architectural quality, tech-
nology standardization level, organization size, and the number of components.
As can be seen from the table, availability of Subject Matter Experts (SME’s)
is a major driver of transition time. An important benefit of the SPL approach
is that it alleviates the problem associated with a limited supply of SME’s, how-
ever, during the transition period, the transition project actually worsens the
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problem since it results in an additional drain on these limited resources. In ad-
dition, R&D constraints have a major impact during the implementation phase,
since the investment requirements become most intensive during this period. As
with subject matter experts, the SPL goal is to lessen the R&D burden, however,
the investment requirement during the implementation phase has the opposite
effect.

5 Economic Analysis

The derivation of economic measures such as Net Present Value, Internal Rate of
Return, and Payback Period involves modeling the cash flows associated with the
investment[1]. The cash flows are based on the benefits as discussed in Section
3, while the costs are those discussed in Section 4. In this section, we present
a simple transition scenario in order to illustrate the application of the benefits
model. While simplistic and idealized, it nevertheless provides insight into the
types of issues that the business case must address.

We start with some assumptions that simplify the analysis. First, we assume
that the number of products is constant over the planning period. Further, we
assume that the loaded cost per person per year is fixed. Finally, we assume
that the investment is additive to the existing investment, and that people with
the necessary skills can be added to work the transition without impacting the
existing product development efforts. In what follows, we will use the more con-
servative approach to quantifying benefits (constant throughput, cost avoidance
in terms of staff reductions).

We divide the business case planning period into four sequential phases.
The first phase (”Ramp”) involves a linear ramp up of staff to work the SPL
transition. This phase is all costs - there are no benefits. The duration of this
phase will depend on how quickly people with the right skill set can be added
to the project. The next phase (”Engineering”) is where most of the transition
effort occurs. We assume a constant staffing level during this phase. No benefits
accrue during this phase - only costs. The third phase (”Deployment”) involves
the successive introduction of the reusable components into the product line,
and the completion of the SPL transition. During this phase, costs decrease
from their maximum run rate at the beginning of the phase to zero at the end.
On the other hand, the benefit run rate progressively increases from zero at
the beginning of the phase to its maximum value at the end. The last phase
(”Steady-State”) begins with the completion of the SPL transition and runs
until the end of the planning period. During this phase, there are no transition
costs, and the benefit run rate is constant. Figure 2 shows the different phases
along the planning timeline. We assume a five year planning horizon. We consider
the scenario summarized in the table below.

E C O N O M I C S  O F  S O F T W A R E  P R O D U C T  L I N E S
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Fig. 4. Planning timeline and milestones.

Model Example - Baseline Parameters

Parameter Value Units

Number of Products 4 -

Total Independent Staff Level 100 People

Loaded Cost 10,000 $ Per Person-Month

Planning Horizon 60 Months

Total Transition Effort 600 Person-Months

Maximum Transition Staff 25 People

Ramp-Up Time 6 Months

Component Deployment Interval 3 Months Per Product

Cost of Capital 12% Per Year

Commonality 2/3 -

Leverage 3/4 -

Productivity Improvement 1/4 -

Independent Investment 12 ($1,000,000) Per Year

Total Transition Cost 6 ($1,000,000)

Engineering Complete (TE) 21 Months

Deployment Complete (TD) 33 Months

The economic measures are summarized below.

Model Example - Baseline Measures

Measure Value Units

Net Present Value 7.7 ($1,000,000)

Internal Rate of Return 64 % Per Year

Payback Period 41 Months

The Net Present Value and Internal Rate of Return are satisfactory. However, the
Payback Period of 41 months suggests a high risk associated with the investment.

We next consider the sensitivity of the results to variations in the key input
parameters. The table below summarizes the sensitivities for selected variations.
The parameter being changed, along with its new value are shown in the first
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two columns. The remaining columns show the new values of the measures as
well as their change from the baseline case. The top half of the table shows
downside scenarios (more pessimistic assumptions), while the bottom half shows
the upside scenarios (more optimistic assumptions).

Model Example - Sensitivity Analysis
Parameter Value NPV ∆NPV iIROR ∆iIROR TPB ∆TPB

Total Effort 750 3.7 -4.0 34.8 -29.0 51 10
Maximum Staff 20 5.0 -2.7 47.3 -16.6 48 7
Ramp-Up Time 12 6.4 -1.3 59.2 -4.6 45 4
Commonality 1/2 6.5 -1.2 59.8 -7.1 43 2
Leverage 1/2 4.1 -3.6 40.9 -22.9 47 6
Productivity Improvement 0 5.8 -1.9 52.5 -11.3 44 3
Total Effort 450 12.0 4.3 110.0 46.1 32 -9
Maximum Staff 30 9.7 1.9 76.1 12.3 37 -4
Ramp-Up Time 3 8.2 0.4 63.8 0 41 0
Commonality 3/4 8.2 .0.5 66.7 2.9 41 0
Leverage 7/8 8.9 1.2 70.8 6.9 40 -1
Productivity Improvement 1/2 8.5 0.8 68.0 4.2 41 0

Not surprisingly, the results are highly sensitive to the total transition effort.
An increase of 25% in the total effort yields marginal results with a very long
(four year) payback period. Note that, even with a 25% reduction in the total
effort, the payback period is still 32 months. Changes to the staffing level also
result in significant changes to the results. The baseline scenario assumed a
staffing level equal to 25% of the total size of the development organization (a
rather optimistic assumption). A decrease of 25% in the maximum transition
staffing level versus a 25% increase results in a swing of almost $5,000,000 in
the net present value, and an eleven month swing in the payback period. This
result must be kept in mind in the business case process, since diversion of
skilled and knowledgeable developers from existing product development efforts
to the transitioning effort is problematic at best - the transition projects are best
carried out by people who have an in-depth understanding of the existing code
base. Unfortunately, these are also the same people who are in greatest demand
to support existing projects. The results are also sensitive to the productivity
improvement, commonality, and leverage parameters. Since the entire business
case rests on a reasonably accurate estimate of these parameters, the impact of
over estimating them should be closely examined to determine how robust the
business case is against estimation error.

In addition to examining the effects of changing a single parameter, we have
developed a practice of defining ”scenarios” by which groups of parameters are
changed simultaneously to see their combined impact on the measures.

In summary, the results indicate a long pay-back period, even though the net
present value and internal rate of return are reasonable in the baseline scenario.
Of course, the major drivers behind the pay-back period are the total transition
effort and staffing profile. In order to mitigate the risks associated with the
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investment, a different strategy may be in order. The transition strategy that
this example is based on can be characterized as the ”big bang” approach, since
all of the costs are incurred up front, with the benefits following during the later
phases. This suggests the need to look for alternative strategies that spread
the costs out over time, and that deliver smaller, more incremental benefits
earlier. This type of strategy will result in a much lowered investment risk, which
will facilitate gaining stakeholder buy-in to the project. On the down side, an
incremental approach could result in a very long investment cycle, along with
compromises to the product line architecture and associated software assets.
Further, the incremental approach can be more costly in the long term, since
multiple iterations are needed, with each iteration requiring re-integration and
certification of the deliverables. There is no clear-cut strategy that is optimal in
all cases. However, the above example does stress the need to carefully examine
the effect that the strategy will have on the cash flows and end results.

6 Metrics

Critical to success is a set of metrics that allow the organization to track progress
against the predictions documented in the business case. By providing a feed-
back mechanism, the business case can be updated based on positive and nega-
tive variances from the anticipated results. The benefits model is based on the
concept of ”cost avoidance.” Unfortunately, it is not feasible to directly measure
whether or not costs were avoided without conducting some sort of experiment
with a control group that continues to develop the old way, and comparing the
control group results with the SPL results. Furthermore, business conditions are
constantly changing, R&D investment levels fluctuate from year to year, and
new products are brought to market while others retire, etc. Finally, the com-
pany may have other initiatives underway that target areas that overlap with
the transition, such as quality and productivity improvement projects. However,
there are some metrics that follow directly from the economic model that allow
for an indirect measure of the economic impact. The metrics are summarized in
the table below. In addition to these metrics, standard quality metrics such as
defect density and defect removal effectiveness are essential, however, since these
metrics are not unique to the our approach, they are not considered here.

Recommended SPL Economic Metrics

Metric Units Scope

Staff - Product-Component

Throughput FP/Year Product

Throughput FP/Year Component

Productivity FP/Person-Year Product

Productivity FP/Person-Year Component

Commonality Percentage Component

Commonality Percentage Product-Component

Leverage Percentage Component

Leverage Percentage Product-Component

The implementation of the commonality and leverage metrics requires a measure-
ment program that properly accounts for the demand across all product - com-
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ponent combinations. In particular, the front end of the development process will
need to be modified to include a categorization of new enhancement requests ac-
cording to which products and components are impacted. Function point counts
need to be tracked for component-product pair. The Convergys approach is cen-
tered on large-scale components, therefore, the number of component-product
combinations is manageable.

7 Conclusions

The stakes associated with a transition to an SPL are high - the investment
requirements and risks, as well as the downstream benefits can be significant.
Therefore it is essential that a business case be developed that properly accounts
for the costs, benefits, and risks. A good understanding of the size and timing
of the cash flows will enable the organization to assess its transition strategy,
and determine the degree to which it should adopt an incremental and iterative
approach. An understanding of the cost elements, and the cost and time drivers
is an important input to this process. During the early phases, the business case
will by necessity be at a high level. As the transition progresses, the strategies,
plans, costs, and benefits will become more specific and accurate. Therefore, the
business case should be updated on a regular basis to incorporate new infor-
mation and feedback in terms of actual versus predicted results. A good set of
metrics and associated measurement program will be needed to implement the
feedback loop. In summary, the business case can be an effective tool for not
only helping an organization decide whether to transition to an SPL, but also
how to make the transition in such a way as to maximize return and minimize
risk.

Going forward, the SPL benefits model requires validation. Additional work
is needed in defining a standard measurement process for the metrics that have
been recommended.

In closing, it should be stressed that there are additional considerations be-
yond pure economics that must be taken into account before the decision is made
to transition to an SPL. The most important consideration is that the SPL ap-
proach requires massive change to the organization. In particular, the culture
typified by the Independent scenario, where each development organization con-
trols all of the resources, and is used to making decisions totally optimized for
their particular product, is not conducive to an approach where development
groups must depend on one another for their success. Organizations usually re-
sist change of any significance. An effective awareness and enrollment program
is needed to address stakeholder concerns, and to articulate why the change is
needed. A clear vision and practical implementation strategy for achieving the
vision are essential to addressing the SPL skeptics. Therefore, effective change
management, organizational leadership, and persistence are critical to success.
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A Model Concepts

The economic model is based on the comparison of software product development
costs in two scenarios. The first scenario (”Independent”) is based on a family
of products developed independently from one another. In this scenario, each
product has its own dedicated funding source and development organization.
This scenario represents the baseline ”business as usual” case for economic com-
parison purposes. The second scenario (”SPL”) assumes that assets common to
multiple products are developed and supported by a ”component factory,” which
delivers new component3 releases to the product groups. The product groups are
responsible for integrating the common components, and adapting/extending the
3 We use the term ”component” to mean a set of software programs that encapsu-

altes it’s functionality, and has well-defined and documented interfaces that define
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common component functionality to deliver new products/product releases that
meet the needs of specific vertical markets.

A.1 Requirements Demand

We begin by considering the requirements (both functional and technical) placed
on a family of products. Let N denote the number of products in the product
family. For now, we confine ourselves to a single application ”domain.” The
extension of the model to multiple domains will be discussed below. We confine
ourselves to some planning period of length TP . In what follows, the index k
will label products (k = 1, 2, ..., N). Let Rk represent the set of requirements
associated with product k. The set of requirements for the entire product family
is the union of the requirements for the individual products:

R =
⋃

k

Rk (1)

We partition the set R into disjoint subsets in such a way that all require-
ments in a given subset apply to the same set of products. Let {π} denote the set
of N - dimensional vectors that satisfy: |π| > 0; πk = 0 or 1. Then a partition,
Rπ ⊆ R, is defined as:

Rπ ≡

 ⋂

{k|πk=1}
Rk


⋂


 ⋃

{k|πk=0}
Rk




C

(2)

where the complement is defined relative to R. In general, there will be 2N − 1
such partitions. Fig. 1 below illustrates the case for N = 3. In this example, R100

represents the requirements unique to the first product, whereas R110 represents
the set of requirements shared by products 1 and 2, but not shared by product
3. In general, a ”1” appearing in the kth position means the kth product is a
member of the partition, whereas a value of ”0” indicates the product is not a
member of the partition.

We define the partition ”weight” as the number of products that are members
of the partition: n(π) ≡ ∑

k πk. Thus, in Fig. 1, the partitions (R100, R010,
R001) have weight n(π) = 1, (R110, R101, R011) have weight n(π) = 2, and
the partition (R111) possesses a weight of n(π) = 3. For a given N , the number
of partitions with a given weight, n, is given by the binomial coefficient,

(
N
n

)
.

Application domains for which there is significant overlap in requirements are
good candidates for the SPL approach. However, in order to take advantage
of these overlapping requirements, an architecture is needed that capitalizes
on the commonalties, accomodates the variabilities, and still provides sufficient

services provided and services expected. There is no implicit assumption regarding
component size. Components can be small-grained, or very large-grained. Further,
there is no assumption regarding how components are implemented.
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Fig. 5. A Venn diagram illustrating requirements partitions for a family of three prod-
ucts. There are three partitions (R100, R010, R001) that contain requirements unique
to a single product, three partitions (R110, R101, R011) that contain requirements com-
mon to two of the products, and a single partition (R111) that contains requirements
common to all products.

system scalability, performance, and operational cost-effectiveness. Accordingly,
we define a mapping which associates a number for each partition:

Mπ = M (Rπ) (3)

It is understood in the above equation that architectural/design constraints may
limit the size of Mπ. The units that we shall adopt for Mπ are function points
(FP).

The demand function is then defined as the average rate of new requirements
that are placed on the product family during the planning period:

Dπ ≡ 1
TP

Mπ (4)

The demand function has units of function points per unit time (e.g. FP/Year).
In the Independent scenrio, each product group must develop, enhance, and

maintain its own code base to meet the set of requirements, even though other
products may share many of those requirements. For a given domain, the demand
placed on a given product is given by:

Dk =
∑

{π}
k̂ · π Dπ (5)
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where the factor k̂ · π ensures that only demand relevant to the kth product is
included in the sum. Here, k̂ is the unit vector whose components are all 0 except
for the kth component which is equal to 1. The total effective demand across all
products in the Independent scenario is then:

D̃ =
N∑

k=1

Dk =
N∑

k=1

∑

{π}
k̂ · πDπ =

∑

{π}
n(π)Dπ (6)

By contrast, in the SPL scenario, functionality for a given partition is imple-
mented once. The total demand in the SPL case is then:

D =
∑

{π}
Dπ (7)

The Independent demand function carries a weighting factor equal to n(π). This
weighting is a measure of the demand redundancy inherit in the Independent
scenario. In order to quantify this redundancy, we introduce the concepts of
”commonality” and ”leverage.”

A.2 Commonality and Leverage

We start by assuming that, in the SPL scenario, functionality common to two or
more products is developed by the common component factory, while functional-
ity specific to a vertical market is implemented by the product group responsible
for that vertical. Let {π}c represent the set of partitions which apply to two or
more products, and let {π}v represent the set of partitions that are unique to
a single vertical market product. Then {π} = {π}c

⋃{π}v. Next, we define the
common demand and vertical demand functions as:

D̃C ≡ ∑
{π}c n(π)Dπ; D̃V ≡

∑

{π}v

Dπ (8)

DC
k ≡ ∑

{π}c k̂ · πDπ; DV
k ≡

∑

{π}v

k̂ · πDπ = Dk̂ (9)

DC ≡ ∑
{π}c Dπ; DV ≡

∑

{π}v

Dπ = D̃V (10)

Then:
D = DC + DV ; D̃ = D̃C + DV (11)

Here, DC
k is the size of demand on the kth product that is served by the common

component group, while DV
k is the size of the demand on the kth product that

is met by the product group itself. DC is the total demand that is common
to two or more products, while DV is the total demand unique to the various
products. Similarly, D̃C is the size of the demand that is common across the
product family, weighted by the redundancy factors, while D̃V is the size of the
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total demand unique to the various products. The redundancy weighting factor
for the vertical market partitions is one, therefore D̃V = DV .

Next, we introduce the commonality parameters:

ωk ≡ DC
k

Dk
; ω ≡ DC

D
; ω̃ ≡ D̃C

D̃
(12)

The interpretation of these quantities is as follows. ωk is that fraction of demand
placed on the kth product that is shared by other products in the product family.
ω is that fraction of demand that is shared by two or more products - it represents
the total demand placed on the component factory in the SPL scenario. Finally,
ω̃ represents the fraction of demand in the Independent case that is shared by
multiple products, properly weighted by the redundancy factors.

Next, we introduce the notion of leverage:

λk ≡ DC
k

DC
; λ ≡ 1

N

∑

k

λk (13)

The parameter λk represents the fraction of new capabilities produced by the
component factory that benefit the kth product, hence the term ”leverage.” λ is
just the numerical average of the leverage factors across all products.

We are now ready to quantify the demand redundancy in the Independent
scenario. Based on the above definitions, we have:

DV = D̃ − D̃C = (1− ω̃) D̃ = D −DC = (1− ω) D ⇒ D̃

D
=

(1− ω)
(1− ω̃)

(14)

Also:

λ =
1
N

∑

k

λk =
1
N

∑

k

DC
k

DC
=

1
NωD

∑

k

ωkDk =
D̃ω̃

NωD
⇒ D̃

D
=

Nλω

ω̃
(15)

Hence:
D̃

D
= 1 + (Nλ− 1) ω (16)

Note that the redunancy increases as the number of products, commonality, and
leverage increase.

A.3 Productivity and Throughput

Software development organizations respond to market demand by delivering
new releases of their product that enhance its value to potential customers. Let
∆F k represent the average size of new product releases (in function points) over
the planning period, TP , for product k. Also, let S̃k, Sk, represent the average
staffing level associated with product k in the Independent and SPL scenarios,
respectively. The productivity is then defined as:

p̃k ≡ ∆F k

S̃k
Independent Case

pk ≡ ∆F k

Sk
SPL Case (17)
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The throughput (Independent scenario) is defined as:

T̃k ≡ p̃kS̃k (18)

Throughput has the same units as demand: function points per unit time.

B SPL Benefits

B.1 Relationship Between Independent and SPL Staffing Levels

Having introduced the basic concepts, we now quantify the SPL benefits. In the
SPL case, the development staff is allocated between the common component
factory and the individual product groups. Let S and p represent the total staff
and average productivity, respectively for the SPL scenario. Let SC denote the
common component staff, and let SV denote the product (vertical market) staff.
The allocation of the two will be in accordance with the relative demand:

SC = ωS; SV = (1− ω)S (19)

In addition, SV will be split between the various products as:

SV
k =

Dk̂

DV
SV (20)

To determine S, we require that the SPL scenario provide the same level of
throughput as the Independent scenario:

Tk = T̃k (21)

The SPL throughput is:

Tk = p
(
λkSC + SV

k

)
= p

(
λkω +

Dk

DV
(1− ω)

)
S (22)

In the above, the leverage factor, λk accounts for the fact that not all of the
component factory output benefits the product in question. Setting the SPL
throughput equal to the Independent throughput, and summing over all prod-
ucts, we obtain:

p (1 + (Nλ− 1)ω)S = p̃S̃ (23)

Hence:
S

S̃
=

p̃

p

D

D̃
(24)

Thus we see that the SPL staffing is reduced due to the elimination of redundant
demand (assuming Nλ > 1), and due to an increase in productivity (assuming
p > p̃). Letting r ≡ p̃/p, and using the result from equation (25), we obtain:

S = r [1 + (Nλ− 1) ω]−1
S̃ (25)
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Equation (34) suggests that we can lower staffing levels and still maintain through-
put equivalent to the Independent case. Expressing p as p ≡ p̃ (1 + δp), and
letting Λ ≡ (Nλ− 1)ω we obtain the following expressions for the staff savings:

∆S ≡ S̃ − S =
[
1− 1

r (Nλ− 1) ω

]
S̃ ≡

[
1− 1

(1 + δp) (1 + Λ)

]
S̃ (26)

The break-even condition is obtained as follows.

∆S > 0 ⇒ (1 + δp) (1 + Λ) > 0 (27)

B.2 Financial Flexibility

The SPL approach has a lower staffing requirement than the Independent ap-
proach. Let L represent the fully loaded cost per person per year. The annual
investment requirements are:

Ĩ = LS̃ Independent; I ≡ LS SPL (28)

Therefore, the cost avoidance per annum due to improved productivity and the
elimination of redundant development is:

∆I ≡ Ĩ − I = L∆S =
[
1− 1

(1 + δp) (1 + Λ)

]
Ĩ (29)

Thus, the obvious way to quantify the benefit is in terms of the cost avoidance
implied by equations (39) and (40).

However, there is another way to look at equation (35). Instead of reducing
the staffing levels, the staff can be re-allocated back to the component groups
and product groups in order to increase throughput. Assuming that the staff is
allocated in the same way as in equation (28), we obtain a higher throughput
level:

T −→ T + ∆T = (1 + δp) (1 + Λ) T̃ (30)

To achieve this higher throughput level in the Independent scenario, we would
have to add staff (and increase the investment level) by:

∆S̃ =
∆T

p̃
= [(1 + δp) (1 + Λ)− 1] S̃ ⇒ ∆Ĩ = [(1 + δp) (1 + Λ)− 1] Ĩ (31)

Comparing equations (39) and (42), we see that:

∆Ĩ

∆I
= (1 + δp) (1 + Λ) > 1 (32)
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B.3 Time Dependence of the Benefits

During the period when the component is being deployed to the various prod-
ucts, the benefits will have a dependence on the number of products using that
component. Let n(t) represent the number of products using the component at
time t. Then we have:

∆I(t) =
[
1− 1

(1 + δp(t)) (1 + Λ(t))

]
Ĩ(t)

∆Ĩ(t) = [(1 + δp(t)) (1 + Λ(t))− 1] Ĩ(t) (33)

where:

δp(t) =
n(t)δp

N
; Λ(t) = [1 + (n(t)λ− 1) ω] ; Ĩ(t) =

n(t)
N

Ĩ (34)

B.4 Multiple Components

For the case of multiple components, we attached a component subscript (α) to
all parameters, where α = 1, 2, . . . Number of Components).

∆Iα(t) =
[
1− 1

(1 + δpα(t)) (1 + Λα(t))

]
Ĩα(t)

∆Ĩα(t) = [(1 + δpα(t)) (1 + Λα(t))− 1] Ĩα(t) (35)

Then the total benefits are given by:

∆I(t) =
∑
α

∆Iα(t); ∆Ĩ(t) =
∑
α

∆Ĩα(t) (36)
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