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The benefits of an effective production
system are well understood. For

example, in manufacturing, the Toyota
Production System (TPS) produces high-
quality, low-cost automobiles and is wide-
ly credited with providing Toyota with a
significant competitive advantage. The
TPS is based on a set of development
rules [1], two of which are of particular
relevance to SPLs:
• Rule 1 – How People Work. Tasks

are rigorously specified yet the overall
processes are highly flexible.

• Rule 2 – How People Connect. Cus-
tomers and suppliers are connected di-
rectly and unambiguously, with defects
and schedules handled rapidly.
Just as producing automobiles is

Toyota’s focus, producing software-inten-
sive products is the main business of an
SPL organization. An SPL is a set of soft-
ware-intensive systems sharing a common,
managed set of features that satisfy the
specific needs of a particular market seg-
ment or mission and that are developed
from a common set of core assets in a
prescribed way [2]. This definition is con-
sistent with the one traditionally given for
any product line. But it adds more, putting
constraints on the way in which the sys-
tems in an SPL are developed. Why?
Because substantial production economies
can be achieved when the systems in an
SPL are developed from a common set of
assets in a prescribed way, in contrast to
being developed separately, from scratch,
or in an arbitrary fashion. It is exactly
these production economies that make the
SPL approach succeed in ways that earlier
forms of software reuse failed.

Building a new product (system)
becomes more a matter of assembly or
generation than one of creation; the pre-
dominant activity is integration rather
than programming. For each SPL, there is
a production plan that specifies the exact
product-building approach. And software
components are not the only thing being

reused across products. Other core assets
include requirements, architecture, de-
signs, documentation, budgets and sched-
ules, tools, process definitions, perfor-
mance models, testing artifacts, and much
more.

The organizations that we have stud-
ied1have achieved remarkable benefits that
are aligned with commonly held business
goals, including:
• Large-scale productivity gains.
• Decreased time-to-market.
• Increased product quality.
• Decreased product risk.
• Increased market agility.
• Increased customer satisfaction.
• More efficient use of human re-

sources.
• The ability to effect mass customiza-

tion.
• The ability to maintain market pres-

ence.
• The ability to sustain unprecedented

growth.
These benefits give organizations a

competitive advantage and are derived
from the reuse of the core assets in a
strategic and prescribed way.

Implied by the definition of an SPL
are two coordinated roles in product pro-
duction. The core asset developer creates
reusable artifacts that will be used to build
multiple products. The product developer
assembles products from these core
assets—not arbitrarily, but in a prescribed
way. In [3], the authors surveyed a number
of organizations and found that these two
roles are often embodied in separate
teams that are not co-located. The arti-
facts produced during production plan-
ning are intended to coordinate the inter-
actions of these two roles.

The core assets are designed to be
reused, and reused in particular ways that
accommodate the variation that is inher-
ent in separate products. Although the
product developers construct the prod-
ucts, they are constrained in what they can

do because of how the core assets are
designed. Production planning provides
the opportunity for technical planning on
how the core assets should be designed to
facilitate efficient product variation and
integration [4]. The production plan ulti-
mately describes how to use the core
assets to build products.

These described TPS rules illustrate
some of the implications of the SPL def-
inition for product production. In a prod-
uct line production system, the prescribed
way is intended to rigorously specify the
roles in the organization. This specifica-
tion is actually broken into pieces that cor-
respond to the individual core assets used
to build the products. Each asset is accom-
panied by a description of how to use the
asset in product building. This attached
process is used to populate portions of
the production process. As different prod-
ucts are defined and different assets are
selected for inclusion in the products, dif-
ferent attached processes are included in
the production plan and how people work is
changed.

In an SPL organization, the core asset
and product developers are connected by
a delivery process in which core assets are
made available to the product developers.
This is developed from a common set of
core assets from the SPL definition. An
explicit feedback mechanism allows the
product developers to inform the core
asset developers about any defects or to
request desired enhancements. This is a
realization of Rule 2 of the TPS.

In the following sections, we provide
an overview of our approach to produc-
tion planning, list several documented
production planning experiences in both
industry and the DoD, and describe a pro-
duction planning workshop we have used
with industrial and DoD customers. Due
to the size of the artifacts, readers should
examine the production planning artifacts
of the Software Engineering Institute’s
(SEI’s) Pedagogical Product Line [5]. This
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example SPL provides an extensive set of
product line artifacts in addition to the
production plan.

Approach 
Our production planning technique
involves three activities: context, prerequi-
sites for planning, and planning activities
[6]. Each activity produces an artifact that
plays a specific role in the production sys-
tem. We will describe the context in which
the activities are conducted, the prerequisite
actions that must occur prior to production
planning, and then detail each of the three
planning activities.

Context
Production planning occurs within the con-
text of the SPL, the product line organiza-
tion, and the narrower context defined by
the product and production constraints.
These constraints are identified during early
product line analysis activities.

Activities such as scoping and market
analysis identify production constraints.
The structure of the organization can also
impose constraints. The relationships
among the customers, program offices, and
contractors constrain production. These
constraints include required divisions in
process responsibilities brought on by the
geographic distribution of personnel and
legal divisions between the program office
and the contractor.

Required properties of the products
impose constraints. For example, the need
for DO-178B certification imposes the
requirement that the tools and processes
used to produce the core assets and prod-
ucts be approved for this level of quality.

Prerequisites for Planning
Production planning begins early in the
planning for the product line but it can only
be completed when certain prerequisites
have been met. The requirements for the
production system are captured in a set of
production scenarios. A production sce-
nario takes the form shown in Table 1.
Sufficient production scenarios are created
to cover the various ways in which products
will be produced.

Planning Activities 
The planning activities form a logical
sequence that move planners from deter-
mining the goals of the production system
to identifying the specifics of the produc-
tion schedule for each product.

Defining the Production
Strategy
The production strategy is a high-level

statement of how the organization expects
to achieve the goals of the product line.
The breadth and longevity of a product
line requires a goal-driven approach to
keep the organization focused. The tech-
nique for defining the production strategy
begins with the business goals of the prod-
uct line organization.

The SEI What to Build pattern [2]
focuses on defining which products are
part of the product line, its scope, and
developing a business case that justifies
the investment in the product line. The
business case is predicated on the organi-
zation’s business goals and identifies the
factors that are critical to the success of
the product line.

We use Porter’s Five Forces Model [7],
illustrated in Figure 1, and the critical fac-
tors output from application of the What
to Build pattern, to identify the strategic
actions that will be the basis of the pro-

duction strategy.
The boxes represent the market forces

and the arrows represent threats and
power. For example, potential entrants
into a market represent a threat while buy-
ers use their bargaining power to obtain
discounts or improved products. Here we
provide a brief description of each force:
• Potential Entrants. How can we raise

the cost to others of entering the mar-
ket by the means we use to produce
the products? In an SPL context, this
usually results in a strategic action to
automate as much as possible, amor-
tizing automation costs over the set of
products. This in turn increases the
cost of entry for potential competi-
tors. A flexible production method can
also respond to the needs of cus-
tomers faster than product producers
who have not yet entered the market.

• Substitutes. How can we differentiate

Source of Stimulus Who or what is initiating product production.

Stimulus The event or action that initiates product development.

Environment The state of the production environment of the product line at 
the time of this scenario (e.g., all core assets are completed
and available for use).

Artifact The production system artifact can be a product or a core 
asset.

Response How the production system responds to the request to
produce a specific product. For example, how long will it take 
to produce this product?

Response Measure The measure may be calendar days from purchase contract 
to deployment, cost in dollars or days of effort, etc.

Industry 
Competitors

Potential 
Entrants

Substitutes

Suppliers Buyers

Bargaining 
Power

Bargaining 
Power

Threats

Threats

Industry 
Competitors

Potential 
Entrants

Substitutes

Suppliers Buyers

Bargaining 
Power

Bargaining 
Power

Threats

Threats

Product Constraints

Production Constraints

Production Strategy

Production
Method

Production Plan

Production Process

+ + +
+

Project Details

Table 1: Production Scenario

Source of Stimulus Who or what is initiating product production.

Stimulus The event or action that initiates product development.

Environment The state of the production environment of the product line at 
the time of this scenario (e.g., all core assets are completed
and available for use).

Artifact The production system artifact can be a product or a core 
asset.

Response How the production system responds to the request to
produce a specific product. For example, how long will it take 
to produce this product?

Response Measure The measure may be calendar days from purchase contract 
to deployment, cost in dollars or days of effort, etc.

Industry 
Competitors

Potential 
Entrants

Substitutes

Suppliers Buyers

Bargaining 
Power

Bargaining 
Power

Threats

Threats

Industry 
Competitors

Potential 
Entrants

Substitutes

Suppliers Buyers

Bargaining 
Power

Bargaining 
Power

Threats

Threats

Figure 1: Porter’s Five Forces Model



Engineering for Production

8 CROSSTALK The Journal of Defense Software Engineering January 2009

our product from the substitutes
through the means of production?
The economies of scale of the prod-
uct line support a strategic action to
lower prices while the economies of
scope support an increase in features
to resolve the threat of substitutes.

• Buyers. How can we better respond
to buyers’ requests through attributes
of the production process? One strat-
egy action is to adopt short iterations
that provide enhanced functionality
quickly. Another is to provide buyers
with access to the status of defect fixes
so they can track those that are impor-
tant to them.

• Suppliers. How can we lower the
prices we pay suppliers by the produc-
tion techniques we use? The use of
open source software is one strategic
action. Another is to take advantage of
the economies of scale of the product
line to negotiate lower license fees for
specific components.

• Industry Competitors. How can we
gain advantage over the competition
by different choices of production
techniques? One strategic action is
building multiple versions of products
simultaneously. By establishing collab-
orative production arrangements with
suppliers where we obtain early copies
of future versions of their compo-
nents, our products can be released
much sooner after the release of the
new components.
The strategy that results from this

activity links the business goals of the
product line to a first, high-level statement
about how products will be produced. The
strategy provides an essential input into
the development of the production meth-
od. A detailed description of production
strategy development can be found in [8].

The DoD context adds a layer to the
usual customer/supplier relationship. The
customer and program office each have
goals for the product line and some of
these goals can be achieved through the
appropriate production techniques. The
production strategy is ultimately the
responsibility of the contractor who will

build the product line, but it must encom-
pass the goals of the customer and pro-
gram office.

Engineering the Production
Method
The production method [9] bridges the gap
between the production strategy and pro-
duction plan to provide a comprehensive
view of the entire SPL development. While
the production method is intended to
describe how to produce a product, it also
defines constraints on how the core asset
developers can design their assets. The
method becomes the vehicle for coordina-
tion between the core asset and product
development teams.

The method encompasses the process-
es, tools, and models needed to complete-
ly describe a development effort. For
example, the production method, in
response to the production strategy, might
adopt an Agile process model for pro-
ductbuilding teams. The method would
describe the roles and tasks for customers
or customer surrogates and development
team members. The method would define
work products such as user stories, unit
tests, and a software architecture, and
assigns responsibility for their creation to
specific roles.

The scope of the method varies from
one organization to another. The method
incorporates the processes and associated
tools and models for building products,
but the method may be expanded to

include processes for specifying products
and for product deployment. In some
product line organizations, the production
method may also include management
activities related to estimating and sched-
uling production.

Development of the production
method usually begins either with the sin-
gle system development method that is in
use as the product line organization is
formed or with a standard software devel-
opment method. Method engineering
techniques [10] are used to elaborate that
method into the full production method
that addresses the scale and variability of
the product line.

Developing the Production Plan
The production plan (shown in Figure 2) is
the product builder’s guide. It prescribes
how products are produced from the core
assets. It includes a process to be used for
building products (the production process)
and lays out the project details to enable
execution and management of the process.
The production plan is structured around
the product building process defined in the
production method. Just like a product
specification, the production plan includes
variation points; these include the variation
points in the product specification as well
as points related to the potential variations
in the production system.

The production plan gives a step-by-step
description of how to build a product. The
initial description is high-level, but it is par-
ticularized as choices are made at variation
points and core assets are selected to imple-
ment those choices. Each core asset is
accompanied by an attached process. The
attached process for an asset is the user’s
guide for that asset. The attached process
solves the common software reuse problem
of the learning curve for a new asset. The
attached process for a core asset gives a
step-by-step process for using the asset and
should provide sufficiently detailed infor-
mation to combat any difficulties in under-
standing how the asset works. The attached
process for a selected asset is added into the
product’s production process when that
asset is selected to be used to build the prod-
uct. By making core asset selections in the
prescribed order and adding the attached
process for each asset as it is selected, a fully
instantiated plan is developed just in time to
guide the product developer [11, 12].

Production Planning Experiences
Our experience has shown the value of
production planning:
• A survey was conducted of SPL Hall

of Fame members to capture their
experiences with production planning.
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Figure 2: Production Plan

“The production method
bridges the gap between
the production strategy
and production plan to

provide a comprehensive
plan of the entire
SPL development.”
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The full results of that survey are
available in [3]. The most important
result (for the purposes of this article)
is that production planning was found
to have a positive effect on the success
of the product line. Organizations that
did not sufficiently focus on produc-
tion planning wished they had.
Cummins, Inc. included more robust
architecture and production planning
practices in its second generation
product line [13].

• Paul Jensen describes Overwatch’s
experience with production planning in
a DoD context [14]. This experience
illustrated the need to plan for produc-
tion as early as possible. An attempt to
change tools in the midst of core asset
development was difficult and resulted
in inadequate tool support.

• In [15], the authors describe a user guide
that is essentially a production plan at
Rolls Royce. The user’s guide, for the
core asset base, describes how to use
the core assets to build products. It
was built as a core asset and delivered
with the core asset base.

• In [16], the authors provide a produc-
tion planning technique that relies on
the feature model. Production plan-
ning was decomposed into planning
about how to include each feature in a
product. By maintaining this traceabili-
ty, the product line production plan is
more easily transformed into the prod-
uct-specific production plan. As fea-
tures are selected during product defin-
ition, the production plan is composed.
The SEI developed a Production

Planning Workshop [17] in response to
requests for assistance on initiating a pro-
duction planning capability. The work-
shop is an intensive planning session that
is intended to expedite an organization’s
planning, providing a two-day introduc-
tion to the production planning process.
Our experience with the introductory
workshop has shown us that these two
days are very useful in accelerating the
production planning exercise.

Summary
A robust production planning tech-
nique—such as the one we have de-
scribed—produces a production plan that
is actionable and evolvable. The organiza-
tion extracts production goals from the
overall product line goals, creates a pro-
duction strategy that resolves the compet-
itive forces through the means of produc-
tion, elaborates the strategy into a set of
mutually consistent processes, tools, and
models, and finally operationalizes the
method in a detailed production plan.

This sequence of successive refinements
ensures that the production plan contains
sufficient detail for core asset and product
builders to accomplish their tasks pre-
dictably and efficiently. The traceability
provided by this approach ensures that
changes to product line goals or the dis-
covery of additional production con-
straints can be propagated through the
artifacts promptly.

A production system does not come
free with reusable components, services,
or even a product line architecture. A pro-
duction plan is necessary. Developing and
maintaining an effective and efficient pro-
duction system is critical to the success of
a product line.u
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case studies of successful product line
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