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Executive Summary

This report describes the results of an evaluation of the state of software product line practice
in industry today. Based on a composite of product line experiences, the report builds a
narrative description of a product line investigation. A fictitious manager, Anna Schumann,
conducts the investigation to answer five basic questions:

e What ismeant by product line development?
*  What are the approaches that other organizations are taking?

e What isthe business case (including costs, benefits, and timing) for following a product
line approach?

e What are the potential challenges and risks?
*  What arethefirst steps required to put product linesinto practice in her organization?

The answers to these questions, as discovered by Schumann, form the content for this report.
Managers wanting to discover the current state of product line development and the potential
for software product lines within their organizations may well ask these same questions plus
others. The product line approach to software development is an emerging technology. The
Software Engineering Institute’s (SEI's) Framework for Software Product Line Practice
[Clements 00]" forms the basis for answers to these questions, but, within the framework
structure, organizations are evolving new ideas and concepts to enhance their product line
technology. Thisreport explores current product line activity.

The investigation described in this report found product line practicesin place throughout the
software industry. A number of small, medium, and |arge organizations are moving to the
product line approach from the traditional, isolated, product-by-product approach to software
development. The market areas covered by these organizations span the commercial arena,
from medical equipment to aircraft avionics, and from automotive products to financia
analysis systems. Successful organizations report significant gainsin productivity, software
quality, and customer satisfaction by using the product line approach.

While there are barriers to product line adoption, these organi zations report that the major
barriers are not in the technical realm. Many specific technical hurdles remain that must be
surmounted, but they are not considered “show stoppers.” Practitioners consistently report
barriersin management and at the organizational levels, ranging from a concentration on
short-term goals to the lack of an adequate means of measuring devel oper performance.

1 Version 4 of the framework is contained in Software Product Lines: Practices and Patterns

[Clements 02].
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Technically, the state of the practice is vibrant and burgeoning; on the nontechnical side, the
stateis healthy, but till in need of improvement.

This report presents accounts of product line experience from a variety of sources, including
case studies and other technical reports. The Framework for Software Product Line Practice
[Clements 00] and Software Product Lines: Practices and Patterns [ Clements 02] provide
much of the materia for this report. The report blends information gathered from the
literature with data captured from a questionnaire based on the product line framework. A
product line workshop held at the International Conference on Software Reuse (ICSR), in
April 2002, also provided materia for the report. In presenting a state of the practice
evaluation, this report reviews the impact of earlier work by the SEI and others, and it
updates data from that work.

The product line questionnaire included both specific response and open-ended questions.
The entire questionnaire isincluded in Appendix A, with a summary of results in Appendix
B. The ICSR workshop brought together practitioners and researchers to consider responses
gathered from the questionnaire respondents as well as factors in successful product line
adoption. The results of both the questionnaire and workshop point out the interest and need
for amore detailed and broadly targeted survey. Such a survey would delve further into
particular product line issues and support statistical analysis according to organizational size,
maturity, product line market area, and product line approaches.
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Abstract

Software product lines represent a new and promising approach for fielding software
systems. Companies that have launched software product line efforts report significant
improvementsin cost savings, quality, productivity, and time to market. Technically, they
report a high degree of success in devel oping approaches that address the software
engineering and technical management of their product lines. Organizationally, these
companies report success as well as challenges that they must still overcome.

Thistechnical note reports on the state of software product line practice in industry. The
report uses a narrative approach, based on a composite of individual companies’ experiences
in implementing software product lines. The report blends a case study with the results of a
product line questionnaire that was sent to organizations with meaningful product line
experiences and with the results of a product line workshop held during the recent
International Conference on Software Reuse.
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1 The On-Board Driver-Monitoring Business Unit

Anna Schumann is afictitious software development manager for alarge automotive
manufacturer. She oversees the development of systems for the on-board driver-monitoring
business unit. This unit devel ops systems that monitor driver performance by checking the
status of the vehicle and provide data on driving conditions and problemsin various formats
to the driver. The devices can also report on unsafe driving habits such as extreme
acceleration, speeding, and erratic steering or braking to indicate drowsiness of the driver.
Licensing organizations may use the systems for driver training and certification. In more
advanced models, data are sent via wirel ess connections to the manufacturer’s diagnostics
center for early detection of anomalies and dispatch of possible corrective measures. The
software department of Schumann’s unit has a budget in the tens of millions of dollars.

In the past month, four different vehicle projects have come to her with the same problem—
how do we maintain the connection between the on-board systems and the Web-enabled front
end for our car-to-dealer maintenance system? After seeing this problem for the past month,
Schumann decided to meet with her staff and come up with acommon solution.

“Each of your systems has its own transaction and communication processing subsystem,”
she told them. “Every time our front end changes, we go ahead and rewrite the on-board
system four times, once for each of your vehicles.”

“Fivetimes,” someone chimed in from the other side of the table. “Don’t forget the SUV
[sport utility vehicle] processing. They’re scheduled for update next month.”

“That'swhat | mean,” Schumann said. “Why can’t we have a single processing system,
tailored to the needs of each individual system? Then, when change happens, we can adjust
the baseline and release it to each system, and there’'s a single point of maintenance at lower
cost and greater reliability.”

Schumann’s staff voiced various objections:

* One system was acquired as aresult of a corporate acquisition and had no common
legacy of processing with the other systems.

»  Two of the on-board systems interfaced with unique databases and evolved their
processing independently, but following the same diagnostic rules.

«  Thefourth system had monitoring capabilities distributed among other functions.

* No one knew how the SUV handled monitoring and processing.
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No one objected on principle to the concept of a common monitoring subsystem, but they had
been down that path before, with shared routines, common object libraries, frameworks, and
component-based solutions. They had experienced only marginal success. Schumann
resolved to devel op a business case to show that a common monitoring process, capable of
tailoring to system specifics, could be built. It could be retrofitted during major upgrades to
some of the legacy systems and would form the basis for new systems. But what approaches
that had not already been tried and rejected could achieve these results?

Many software managers in business today face this situation, for example

* A unit manager has two legacy systemsin dire need of upgrade. Both perform roughly
the same functions for different sets of users, but maintenance on each system has
become a nightmare. Thereis barely a budget for one upgrade, let alone two.

« A manufacturer produces a set of software products for other organizations that integrate
the products as part of alarger system. Each product is developed as a new start, though
they share much in common. How can they cut costs and get better delivery in terms of
time to market?

e A contractor winsthree awardsto deliver systems to different organizations. The systems
have much in common, but the contractor has no plans to capitalize on that commonality.
However, because it can’'t meet the schedule for all three systemsin paralle, the
contractor findsthat it must practice systematic methods that allow it to field all three
systems by sharing software across the three devel opment efforts.

Schumann and other software managers must address these issues to meet budgets, time-to-
market, or delivery schedules. They have multiple systems with common requirements, each
satisfying the specific needs of a particular market segment or mission. Yet the manager
wants to achieve delivery of the systems without independent development of essentially the
same software for each system. The managers may consider development from a common set
of core software, but they need methods to devel op the software for the systemsina
prescribed way. This problem statement is really a classic definition of a software product
line [Clements 02]. Within the product line, managers need ways to determine

what products they will need to develop to meet future market demands
* what common software (or assets) to develop

* how to develop the assets

e how to develop the products

« how to manage the evolution of assets and products

In addition to these technical concerns, managers must create a business case to justify

devel oping the software assets that will be used to develop systemsin the product line. The
managers must also identify potential challenges and risks as part of organizational planning
and risk management.
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To help answer her questions, Schumann must address four basic issues of product lines:

e What ismeant by a product line?

*  What product line approaches are organizations taking?
*  What are the benefits?

e What are the challenges and risks?

She will look at case studies and other technical reports, and she will examine the results of
an industry guestionnaire to determine the state of product line practice. Armed with this
information, she should be able to develop aplan for establishing a product line in the on-
board driver-monitoring business unit. She will be able to justify the expenses for putting the
plan in place through reduced development and maintenance costs and determine an
organizational structure to put the plan into effect.

1.1 Report Content

This report takes the form of a narrative describing Schumann’s product line investigation. It
describes the results of an investigation into software product line experience—the state of
the practice in industry today. Organizations considering a transition to the product line
approach are the audience for this report, especially those at the management level who must
make organizational decisions. By describing the path that Schumann takes to analyze
product line experience, this report will help managers understand key product line issues and
the state of the practice in addressing those issues.

Theinformation presented in this report uses accounts of product line experience from a
variety of sources, including case studies and technical reports. The Software Engineering
Institute’s (SEI's) Framework for Software Product Line Practice [Clements 00] (hence
referred to as the framework) and Software Product Lines: Practices and Patterns [ Clements
02] provide much of the foundation for this report. A study of reuse programs in Europe
[Morisio 00] provides guidance in structuring this report. The report blends information
gathered from Web- or print-based literature on software product lines with data captured
from a questionnaire based on the framework. A product line workshop held at the
International Conference on Software Reuse (ICSR) in April 2002 also provides material for
the report. In presenting the state of the practice, this report looks at the impact of earlier case
studies and reports, updating that material.

The questionnaire and workshop identified product line practices in place throughout the
software industry. There are a growing number of small, medium, and |arge organizations
moving to product line approaches from the traditional, isolated, product-by-product
approach to software development. The organizations cover many market areas within the
commercia arena, from medical equipment to aircraft avionics, and from automotive
productsto financial analysis systems. Organizations responding to the questionnaire
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reported significant gains in productivity, software quality, and customer satisfaction by using
the product line approach. While there are barriers to product line adoption, these
organizations report that the major barriers are not technical. Many specific technical hurdles
remain that must be surmounted, but the respondents do not consider them to be “show
stoppers.” Practitioners consistently report barriers in management and at the organizational
levels, ranging from a concentration on short-term goals to the lack of an adegquate means of
measuring devel oper performance. Technically, the state of the practiceis vibrant and
burgeoning; on the nontechnical side, the state is healthy, but still in need of improvement.

The product line questionnaire was circul ated within the software product line community.
Appendix A contains the questions from the questionnaire; Appendix B contains the
numerical results. The framework [Clements 00] served as the basis for formulating
questions. These questions asked for background information about the respondent’s
organization and role in that organization and covered the terminology, the product line
approachesin use, and the market areas of product lines at the respondent’s organi zation.
Other gquestions focused on organizational structure, practices, and goals, and on the results
of the product line effort.

The questionnaire gathered information regarding product line activities within industry. It
was not intended to represent a scientific survey but rather to gather current information from
organizations active in product line efforts. The population for the questionnaire was limited.
It went primarily to participants in previous software product line meetings including the
First Software Product Line Conference [Donohoe 00] and other conferences and workshops.
Respondents were primarily from industry (90%), with 7% from government and 3% from
academia, so the answers do reflect an industry perspective. However, the limited population
and respondent return rate of about 20% restrict reporting only to raw response numbers. We
cannot draw firm statistical conclusions; any correlation of results across the sample would
be misleading. The results do, however, show meaningful trends within industry.

The ICSR workshop in April 2002 brought together practitioners and researchers to consider
questionnaire responses as well as factorsin successful product line adoption. Appendix C
contains a summary of the presentations and discussions at the workshop. The results of both
the questionnaire and workshop point out the interest and need for continued investigation
and surveys to target specific areas within industry that are adopting software product line
approaches.
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1.2 Report Structure
Thisreport covers the following topics:

e Section 2—What is meant by a product line? This section presents basic definitions of
the term product line and reports on terminol ogy used by the questionnaire respondents.
It also provides Schumann’s interpretation of the term, given her product line
requirements.

» Section 3 —What approaches are organizations taking? This section discusses various
organizational structures and practices used in industry. The questionnaire and the
literature provide input to this discussion.

e Section 4 —What are the benefits? This section describes a business case approach to
assess the financial benefits of a product line approach. It also summarizes benefits that
the questionnaire respondents have achieved or hope to achieve through a product line
approach.

e Section 5—What are the challenges and risks? This section evaluates the possible
barriersto successful product line adoption and reports on those cited in the questionnaire
responses.

e Section 6 —How to proceed? This section lists five strategies to address challengesto
successful adoption and also provides a brief research agenda.

e Section 7 — Summary. This section summarizes the findings of the investigation.

« Appendix A — Software product line questionnaire. This questionnaire includes both
specific-response and open-ended questions.

e Appendix B — Questionnaire results

e Appendix C —Workshop report

CMU/SEI-2002-TN-017 5



2 What Is Meant by a Product Line?

A number of organizations are applying a product line approach to software systems. A
search on the Web and in literature provided a number of companiesin avariety of product

line areas. Table 1 summarizes the results of that search.

Table 1:
Development

Companies with Documented History in Software Product Line

Company

Specifics

Area: Automotive, real-time embedded software

Cummins, Inc.

Robert Bosch, GMBH  <http://www.bosch.de/k/en/start/index.htm>

Danfuss Drives <http://link.springer.de/link/service/series/0558/bibs/1951/19510030.htm>

Engine controllers
Engine controllers
Electronic components

Area: Automotive, telematics
Robert Bosch, GMBH <http://www.bosch.de/k/en/start/index.htm>

Omnifleet® <http://www.omnifleet.com/product_info/productfamily.html>
Visteon Corporation <http://www.visteon.com/bluetooth/intro.html>

<http://www.visteon.com/technol ogy/automotive/tel ematics.shtml >
Cummins, Inc. <http://www.cummins.com/na/pages/en/'whoweare/index.cfm>

Driver information
systems, sunroof/
window controllers

Fleet maintenance
software integration

Electronics systems

Electronic controls

Area: Traffic control systems
Raytheon Company <http://www.raytheon.com/c3i/c3i products/c3ihtms/wel come.htm>
Thales <http://www.airsysatm.thomson-csf.com/productshome.htm>

ALCATEL Transport Automation Systems, Spain
<http://link.springer.de/link/service/series/0558/bibs/1951/19510053.htm>

Highway control
Air traffic control
Rail traffic control

Area: Aerospace, real-time software

Boeing Company <http://www.isis.vanderbilt.edu/sdp/Papers/Papers.htm> (see: David
Sharp, “ Software Line Technologies for Military Systems”)

Honeywdll <http://www.telel ogic.com/downl oad/userpresentation/fall_steiglitz_2.zip>

Rockwell <http://www.rockwellcollins.com/gg/flight2sys/>

Avionics systems

Space-based navigation
systems

Cockpit management
systems

Area: E-commerce
Monetaire <http://www.monetaire.com/platform/>

Market Maker Software AG
<http://ww.market-maker.de/03.Produkte/01. Software/ MM />

TenFold <http://www.10fold.com/>
ALLTEL Information Systems <http://www.alltel.co.uk/demonstration.cfm>

Financial planning
Stock tracking

E-commerce solutions
Banking and finance
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Table 1:
Development (cont.)

Companies with Documented History in Software Product Line

Company

Specifics

Area: Other

National Reconnaisance Office (Raytheon)
<http://www.sei.cmu.edu/publications/documents/01.reports/01tr030.html >

Nava Undersea Warfare Center

U.S. Army Simulation, Training and I nstrumentation Command
<http://ctia.ideorlando.org/>

Lucent/Avaya L abs <http://www.research.avayal abs.com/department/softtech/>

Philips Research
<http://link.springer.de/link/service/series/0558/bibs/1951/19510199.htm>
<http://link.springer.de/link/service/series/0558/papers/2290/22900390.pdf >

SaabTech Systems
<http://www.sei.cmu.edu/pub/documents/96.reports/pdf/tr016.96.pdf >

Motorola, Inc. <http://www.motorola.com/MIM S/M SPG/Products OEM/FLEX Decoding
/index.html>

Nokia Group <http://link.springer.de/link/service/series/0558/bibs/1951/19510107.htm>
Hewlett Packard L abs <http://www.hpl.hp.com/reuse/ papers/index.htm>
SchlumbergerSEMA <http://www.1.slb.com/smartcards/>

Axis Communications AB <http://www.ipd.bth.se/msv/publications/299-055.pdf>

Siemens Corporate Research
<http://link.springer.de/link/service/series/0558/bi bs/1951/19510019.htm>

Satellite command and
control

Test range operations
Training systems

Various telecom

Medical eguipment,
consumer electronics

Navy command and
control (CelsiusTech)

Paging solutions

Céll phones

Medical, bank systems
Smart cards
Networking equipment
Patient monitoring

In addition to varying in terms of market segment, the organizations responding to the
questionnaire differ in their basic definition of the term product line. While most of the
organizations do use the term product line to refer to their approach for fielding products, the
industry questionnaire showed that the SEI definition has been adopted by 22% of the
responding organizations. All the other definitions provided were local to the specific
organization. Terms such as product family, application platform, and component-based

development are also common throughout industry.

The SEI provides the following definition for product lines:

A software product lineis a set of software-intensive systems sharing a common,
managed set of features that satisfy the specific needs of a particular market
segment or mission and that are developed from a common set of core assetsin a

prescribed way [Clements 02].

Most of the responding companies agree that, regardless of the term they use, they are
producing a set of related products. Some emphasi ze the specific approach they follow (e.g.,
mass customization [Krueger 01] or shared infrastructure [Batory 00]), whereas others
emphasi ze the asset base in terms of an application platform or product library with
components ready for assembly. The other feature of these definitionsis the importance that
organizations place on the use of a common architecture for their products. They also
consider the degree of variability among products to be an important factor—some of the
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organizations look for a minimum degree of variation among products, while others develop
aproduct line that encompasses a wide degree of variation.

Products generated by these companies vary in size. Some of the organizations produce
products that contain less than 100 KLOC (thousand lines of code). Others produce products
with millions of lines of code. The questionnaire results are fairly uniform across this range.
In addition to defining the productsin the product line, organizations need to determine the
extent and coverage of the assets. Again the terms vary here—some of the respondents use
asset base, while others use framework or components. Some organi zations devel op assets
that can cover amost an entire product, but the coverage varies between 50% and 90% for
the responding organi zations, meaning they must produce as much as 50% from scratch or
uniquely for each product they field.

Nearly al the organizations responding to the questionnaire (74%) develop their products
using specialy built in-house assets. Others (48%) use assets derived from legacy systems.
Many use both approaches. A few of the organi zations commission an outside group to build
assets for them, and others use commercial off-the-shelf (COTS) assetsin the form of
components. Some speciaize in developing products that other organizations use as assets for
their product lines and use their own assets for in-house tools or other products.

Schumann reviewed the literature and questionnaire results. She tried to characterize the
productsin her business unit in terms of the SEI’s product line definition, since it appeared to
be the single most commonly used definition. The information captured in Table 2 describes
the driver-monitoring product line according to that definition.

Table 2:  Product Line Definition for the On-Board Driver-Monitoring Unit

Part of Product Line Definition Examples

Set of software-intensive systems On-board driver-monitoring systems

Sharing a common, managed set of features | Features for sampling, comparing to
recommended limits, recording, reporting,
and displays

(The systems must)

satisfy specific needs of a particular On-board monitoring and reporting systems
market segment or mission

(and be) devel oped from a common set Monitoring assets including common

of core assets architecture and message formatting
In a prescribed way Use of SEI's framework practices
[Clements 02]

Use of PULSE™ [IESE 02]

™ PyLSE is atrademark of Fraunhofer-Gesellschaft.
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3 What Approaches Are Organizations Taking for

Asset and Product Development?

The product line definition calls for applying prescribed methods for devel oping assets and
products. Schumann’s next challenge was to ook at product line approaches and practices.
She needed to decide which practices to apply if she chose to adopt a software product line
approach. She aso needed to determine what is involved in managing her organization asit
makes the technical and organizational transition. The product line questionnaire gauged
product line practices within organizations, and it helped Schumann determine the
approaches that other companies are using.

The questionnaire responses to questions about product line practices define the scope of
activity necessary to transition to a product line approach. This section includes the practices
and overall approaches that the responding organizations have adopted to support product
lines. The section also examines two case studies of organizational approaches and concludes
with adiscussion of the questionnaire responses on tool support for the requirements,
modeling, and configuration management practices.

The framework identifies 29 essential product line practice areas, divided into software
engineering, technical management, and organizational management categories. To sample
approaches and practices, respondents were asked questions concerning 17 of the 29 practice
areas, selected from among all 3 categories. The remainder of this section covers many of the
software engineering and technical management practices used in asset and product
development. The responses on other practice areas are discussed as follows:

e “Building aBusiness Case” and “Market Analysis’ are summarized in Section 4.

e “Technical Risk Management” and “ Organizational Risk Management” are summarized
in Section 5.2.

e “Structuring the Organization” is summarized in Section 6.2.

According to the questionnaire results, nearly all the responding organizations apply the
following practice areas:

e “Scoping” — Determine what isin the product line and what is out. Establish the assetsto
be used to produce product line members.

e “Understanding Relevant Domains’ — Consider the areas of commonality within a
product line and why products vary. Devel op some representation of that understanding,
captured as use cases or some other requirements representation. Alternatively, an
architecture, tool, or generator may capture the variation.
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» “Requirements Engineering” — Within areas of commonality, provide a requirements
specification. This specification will apply to the assets built for the product line and to
individual products.

«  “Architecture Definition” — Use a common architecture for al products in the product
line. This architecture will include the components to be used to build products and the
connections between those components. The architecture also includes quality factors
(such as performance and availability) that may lead to variations among products.

e “Component Development” —Apply well-established software devel opment practices to
produce code-level components. These strategies may include design patterns or other
approaches from object technology.

» “Configuration Management” — Control the change process and evolution of both assets
and products. For product lines, configuration management includes controlling
evolution both in time (multiple releases of asingle product) and in space (addition of
new productsin the product line).

The questionnaire a so asked respondents about other software engineering and technical
management practice areas including the following:

» Architecture Evaluation

» COTS Utilization

* Teding

e Mining Existing Assets

« DataCadllection, Metrics, and Tracking
e Tool Support

The approaches that an organi zation usesin applying the practices will vary depending on a
variety of factors:

« market areasthat their products address
» size of the organization and maturity factors

* prior experience in the product line

To evaluate the effectiveness of these practices, participants in the ICSR workshop titled
“Industrial Experience with Product Line Approaches’ constructed a matrix that showed the
various product line approaches and the product line practices most commonly adopted. This
matrix, shown in Table 3, also includes information from product line case studies, such as
those developed for Cummins [Clements 02] and Philips [America 00]. The contents of a
column represent the practices applied by one organization following a specific approach,
based on the practicesin the framework. The matrix illustrates the variety of approaches that
organizations have used for successful product line adoption. Because of the mix of
participants at the ICSR workshop, the matrix shows a bias towards generator capabilities
where assets or products are commissioned from an outside organization. Thistrend results
from the biases within the workshop group and should not be taken as an industry norm.
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Table 3:

Examples of Product Line Approaches and Practices

Approach In-house Development of Commissioning Acquiring product
development of assets for other or purchasing line from outside
features and organizations assets vendor (Semantic
assets (Philips (Salion) (Programare) Designs, Inc.)

Practices M ed'C?J Systems,

Cummins, Inc.)

Scoping Organization Organization Customers request Manufacturer
recognizes need for | recognizesneed for | support in database | recognizes need for
producing multiple | supporting parts design. aproduct line of
systems and supply businesses Organization robot controllers.
determines and determines recognizes and Product line
boundaries for customer system defines need for organization defines
product line. capabilitiesthat it database schema scope of application

must support. definition. generator capability
to build controllers.

Understanding Analyzes current, Understanding Works with vendor | Domain iswell

Domains future, and legacy evolves as needs are | to define database defined in terms of
systems for addressed for structure and types of operations
common features growing numbersof | requirements performed and
and need for businesses. primitives.
variation

Requirements Develop database of | Uses GEARS tool Vendor defines Requirements for

Engineering requirements or from Big Lever to database members of product
models to capture support mass requirements, SQL, | lineare capturedin
common customization and application generator.
requirements for generator to
multiple systems. organization.

Architecture Defined common Evolved asaresult | Defined by database | Controller

Definition architecture with of developing generator capability | architectureis
specific points multiple systems; defined by
where variation may | now maintaining generator.
take place common

architecture asset

Component Develop common All common Component design Component design

Development components with components is captured in iscaptured in
variation pointsto developed by generator. generator.
accommodate organization;
variety of unique components
capabilities or may be developed
specialization of by organizations or
common by businesses if
capabilities. they acquire assets.

Configuration Internal Organization hosts | Vendor maintains Generator can

M anagement management of both | and maintains control of tool; reconstruct any
assets and system for organization instance.
configuration of businesses or controls specific
each product inthe | deliversfull database
product line capability to applications.

customer
businesses.
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Schumann considered the approaches taken by Cummins, Inc. and Philips as most closely
related to the goals she hoped to achieve. The relationship of their work to that of
Schumann’s business unit makes them a reliable comparison.

3.1 Practices at Cummins, Inc.

Cummins, Inc. isamajor producer of diesel enginesfor vehicles ranging from small trucksto
large earth-moving equipment. Engines are also used for electrical power generation,
maritime power plants, and various types of machinery such as drilling equipment,
locomotives, millers, and winches.

Over aperiod of five yearsin the early 1990s, Cummins transitioned from seeing itself asa
company producing iron (characterized as the “piston-head” mentality) to an organization
producing software (the “ digit-head” mentality). Cummins products contained little or no
software until the late 1980s, but by 2000 they included software systems for engine control,
each containing 100-200 KLOC. Until the mid-90s, each system requiring software was
devel oped uniquely and from scratch. With 12 engine families and 8 new fuel systems and
hardware controllers, this silo or stovepipe approach would eventually use all the company’s
resources. Cummins managers determined that they could no longer afford to concentrate
software development efforts on individual products [Dager 00].

The approach adopted by Cummins followed the application of key product line practices.
Cummins decided to build a set of assetsthat could be shared among the engine families, yet
would be tailorable to the needs of specific systems. They captured their understanding of
relevant engine controller domains, developed a common architecture definition, built
components to support engine controller implementation, and put in place a corporate-wide
policy that required business units to adopt a common development approach.

This approach decreased the “time to first engine start from 250 person monthsto just afew
person months” [Clements 02, pg. 432]. Cummins develops 75% of new projectsfrom
exigting assets. Quality hasimproved dramatically and projects are consistently on schedule.
Cummins has seen an increase in customer satisfaction, and developers are more flexible and
able to support new projects because their knowledge is highly transferable. The product line
approach also supported Cummins move in new business areas such as the industrial engine
market. The process has been embraced to the extent that individual business units are
motivated to create their own product lines, atrend that Cummins resistsin order to maintain
uniformity across the organization.

12 CMU/SEI-2002-TN-017



3.2 Practices at Philips Medical

Philips Medical supports a product line of medical imaging systems [America 00]. These
systems are characterized by

maturity and complexity
o lifecriticality
e small numbers of systems

» collaboration across many domains including hardware design, information technology
(IT) infrastructure for integration into hospital systems, medical application experts, and
mechanical designers

Philips has developed this product line consolidating the work of over 100 developers across
several departments. These departments previoudy developed products in isolation, with
little commonality in underlying concepts. These projects were devel oped over a period of
several years. Their complexity required a durable architecture that could survive changes
over their lifetime of 10 years or more.

Philips has formalized several practices for institutionalizing the product line approach,
including the development of various requirements and object models. Their models must be
independent of any single-system implementation to support their use across the product line.
Philips uses the term variation point to characterize the specific factors that will vary from
one system in the product line to another. A variation point also defines a high-level concept
and specializes that concept for individual instances. Variation points may exist for many
devicesin a specific system; while one system may have none, others may have three or four
of the devices. There may also be attributes common to the product line that take on different
values for each system.

Philips uses quality factors to characterize the architecture of its product line [Pronk 00].
Specifically, the architecture must be able to

e support integration of new functions and peripherals
e provide extensions of the system without a requirement for system-wide upgrades

* enable efficient testing that does not require the testing of all possible configurations of
functions and peripherals

Philips applies a component-based approach where components are tested and replaced in
isolation.

Philips has had limited experience with this approach. This approach appears to support the
isolation of updates that are required when peripherals are changed. Philips is confident that
the approach works in mature areas with well-defined requirements and relatively slow
evolution. The approach, which may not be appropriate in market areas with rapid changes
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due to new technology, supports variation in functions and capabilities for more powerful
hardware and peripherals.

3.3 Tools Applied to Practices

Software tools play arolein most of the product line practice areas. The questionnaire
examined tool support in two specific practice areas (“ Requirements Engineering” and
“Configuration Management”) and al so asked about modeling and design that spans severa
practice areas. Most of the responding organizations are using vendor-supplied tools to
support their development. The remainders use some combination of vendor or homegrown
tools. Table 4 provides the percentage of respondent organi zations using specific tools.

Table 4: Use of Commercial Tools in Product Line Practices

Product Line Practice Percent Using Tool

Requirements Engineering Requisite Pro® 26%
Doors” 19%

Slate 3%

Others or homegrown 50%

Modeling or Design Rational® Rose® 55%
Rhapsody® 7%

Artisan Real Time Studio® 3%
Others or homegrown 39%

Configuration Management Clear Case®™ 48%

CCC 3%

CM Synergy 3%

Others or homegrown 45%

The questionnaire a so showed that the respondents recognize the need to improve these tools
for use with product lines. Only 30% expressed satisfaction with their chosen requirements
engineering tools, and 65% reported the need for improvements in Rational Rose.

3.4 Approach for On-Board Driver-Monitoring Systems

Schumann examined these case studies and concluded that a product line approach has
benefited other organizations like her own. Her product line definition and scope (Section 2)
could be supported in a systematic fashion by specific product line practices. The
guestionnaire respondents a so gave her confidence that a product line approach could
succeed, and she concluded that a product line approach would be appropriate for her
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business unit. With five systems already fielded, she felt confident, given the Philips results.
Like the medical systems, driver-monitoring systems require interfacing to numerous
peripheral devices across abus. These devices vary in numbers and capabilities based on the
category of vehicle, but a common architecture should accommaodate the frequent changesin
these devices and the addition of new peripherals.

Schumann wants to develop an architecture that can survive several generations of these
devices so that the same system can be used for multiple model years. In this way, on-board
monitoring has similar architecture requirements to those of amedical product line.
Schumann was also encouraged by Cummins’ results that show the ability of an organization
in the automotive industry to produce awide range of products built on a common software
architecture. Schumann sees products in her product line varying in terms of device interfaces
and in use (i.e., in various applications such as driver monitoring, automotive performance,
routine maintenance, and special maintenance). The devices can aso report unsafe driving
habits such as extreme accel eration, speeding, and erratic steering or braking; in addition, the
devices may be used for driver training and certification.
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4 What Are the Benefits?

The benefits that Cummins, Philips, and other organizations have realized with product line
approaches are impressive. The questionnaire responses show that nearly all organizations
expect to benefit in increased productivity and lower devel opment costs by using a product
line approach. Many have realized these benefits. But Schumann wondered how to measure
the expected resultsin her business unit in terms of reduced costs. If we look at Schumann's
situation, she has the following needs:

» ared-time monitoring architecture that can be tailored for specific applications

e aneed tointerface through wireless connections to servers at deder, repair, and
manufacturer sites

* aWeb-enabled front end to the server to provide driver information at the above sites and
to the driver when not in the car

* reduced maintenance costs as the Web infrastructure is modified

* adedreto achieve the 75% level of reuse achieved by Cumminsin its products

= amarket of a least five systems today—some undergoing major upgrades and some
number of new systemsin the future

Given this context, building the cost data for the business case may not be easy, but these
points helped direct Schumann.

Schumann used an approach based on SEI experience [Clements 02, Section 6.1].2 The
business case approach, called the A-B-C method, |ooks at three factors in measuring cost
impacts:

« applications — number of applications to be built over a given time period
» benefits— projected cost savings or other return

e costs—actual costsincurred in using assets

Schumann’s business unit has five initial systems and assumes the production of three new
systems per year. These systems will be derived from assets at arate of 75%, meaning there
will be 25% product-specific software in each system. Current systems containing
approximately 125,000 delivered source instructions cost approximately $12 million to
develop. Over their expected life of 8 years, they accrue as much as $3 million per year in
mai ntenance costs. The business unit assumes that assets for these products will be
approximately 100,000 source ingtructions also costing $12 million. Schumann bases her

2 Thisinformation will also be documented in a future SEI report by Sholom Cohen to be titled

Developing a Business Case; Case Sudy.
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numbers on historic development costs within the business unit with some increased costs of
fielding assets for systematic reuse.

Table 5 shows the expected costs, based on historical data, for development and maintenance
over afive-year period. (Maintenance appears as “ Number of Yearsin Maintenance” in the
table, with maintenance costs beginning after the first year.) The redesign of the existing five
systems occursin the first two years, and then there are three new systems in the following
year. These data are devel oped assuming the business unit does not follow a product line
approach.

Table 5: Five-Year Development and Maintenance Costs of Monitoring Products

Program Lines of Development | Maintenance | Number of Total Cost
Name Code Cost (in  |Cost per Year| Yearsin (including
millions) (in millions) | Maintenance | Development
and
Maintenance)
(in millions)
Small vehicle 120000 12.0 3.0 4.00 24.00
Large vehicle 140000 14.0 3.5 4.00 28.00
Small truck 126000 12.6 3.15 3.00 22.05
Large truck 150000 15.0 3.75 3.00 26.25
Suv 150000 15.0 3.75 3.00 26.25
New 1 130000 13.0 3.25 2.00 19.50
New 2 130000 13.0 3.25 2.00 19.50
New 3 130000 13.0 3.25 2.00 19.50
Assets 100000 12.0 3.00 4.00 24.00

Using the values from Table 5, the costs of developing these systems are cal culated based on
systematic reuse of the assets under a product line approach, as shown in Table 6. The
cumulative costs include the costs of the individual products and assets, and their
maintenance costs. The 25% cost of reuse covers the costs of understanding the assets and
tailoring them for use in each system. This cost also includes changing the development
processes within the business unit.
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Table 6:

Possible Savings Using a Product Line Approach

Program Cumulated | Product Line| Cumulated | Cumulated | Cumulated
Name Cost Without|Savings (50%| Savings with | Product Line| Savings
Reuse (in | from assets, Product Costs over 5 years
millions) 25% cost) Lines
Small vehicle 24.00 9.00 9.00 12.00 -3.00
Large vehicle 52.00 10.50 19.50 12.00 7.50
Small truck 74.05 8.27 27.77 15.00 12.77
Large truck 100.30 9.84 37.61 15.00 22.61
Suv 126.55 9.84 47.46 15.00 32.46
New 1 146.05 7.31 54.77 18.00 36.77
New 2 165.55 7.31 62.08 18.00 44.08
New 3 185.05 7.31 69.39 18.00 51.39

Schumann determined that these results justified the investment. Starting with the $12 million
project to devel op assets, the cumulated savings would be over $50 millionin 5 years.
Schumann based this savings estimate on several relatively conservative assumptions:

e Schumann assumed that assets would provide 50% of the total software for each system
in the product line. If a product costs $10 million built totally from scratch, with product
line reuse, that cost would be cut in half. The program goal for asset use was 75% of each
product, so 50% seemed to be a safe assumption.

» Potential savings would be reduced by 25% to account for areuse cost. The reuse cost
means that the savings would be reduced by one quarter to allow for learning how to use
the assets, building tools, and making overall adjustmentsto the product line culture.
Using the example of $10 million, the actual savings realized would be $5 million minus
$1.25 million (the cost of reusing the assets). Again, she chose 25% because it seemed
like the most pessimistic cost of reuse from various product line articles.

Schumann planned to take these figures to her finance department to build in amore precise
business justification. Making the case precise would include taking into account discount
rates and other economic measures. At thisfirst level, however, the $50 million in savings
during the first 5 years did not seem like a bad return. Schumann also expects other results;
like Cummins, her business unit expects to realize high quality in the software products,
greater transferability of development staff, and the ability to expand its market for on-board
systems. The savings may be plowed back into corporate research to identify and begin
production of new products, the savings may be reflected as corporate profit, or the savings
may be passed on to customersin the form of lower costs for an advantage over the business
unit's competitors.

While there are obstacles to overcome (see Section 5), all the companies that responded to
the product line questionnaire reported some of the benefits shown in Table 7 [Clements 02,
Chapter 2].
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Table 7:  Reported Benefits from a Product Line Approach

Benefit Percent Reporting
Improved quality 52%
Reduced costs 45%
Improved productivity 39%

Improved ability to meet customization demands | 39%

Reduced time to market 30%

A project recently completed for the U.S. Department of Defense (DaD), the Control Channel
Toolkit (CCT), summarized measurable and intangible benefits [ Clements 01]. The DoD
recognized the results shown in Table 8 in the initial use of an asset base on an actual
operational system for ground-based satellite command and control. While benefits will vary
based on the particular characteristics of a product line and the devel opment organization, the
questionnaire respondents indicated that these benefits are generally achievable. Other, less
tangible benefits reported by CCT project staff included significantly lower staff attrition,
general satisfaction among devel opers with the CCT approach, praise from the asset users for
the selection of and support for the variation points, and greater professional satisfaction with
the product line approach. Devel opers thought that the pedestrian tasks had aready been
done and the focus was on the interesting, mission-specific capabilities. The risks of system
failure were felt to be fewer, and the pressure on the program was substantially lower.
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Table 8: Benefits of a Product Line Approach on a DoD Project

Factor Benefits
Quality One-tenth the typical number of discrepancy (defect) reports was
submitted for a system of thistype. The problems identified were all local
ones, with localized fixes, having no ripple effects and no effect on the
architecture.
Performance Use of the CCT improved performance over results predicted without it.

In identified places where reuse may lead to timing problems, CCT
variation points can be exercised to apply mechanisms that circumvent
CCT software and apply faster algorithms.

Integration time

Incremental builds were completed in weeks rather than months, as was
the case for the non-CCT portion. This approach is adirect carryover
from the incremental approach to development.

Code volume The number of design objects for subsystems using CCT islower than
planned by 34% to 88% with asimilar reduction in actual source-code
size. Total SLOC (source lines of code) developed by Spacecraft
Command and Control (C2) are 76% less than planned.

Productivity Smaller development staff required (15 versus 100 for other similar

systems)
Overall costs cut by 50%
Overall schedule cut by 50%

Documented flexibility in meeting requests for modifications by the
Spacecraft C2 System customer

CCT treated like a COTS product (Initial training was required; then
devel opment proceeded on the basis of domain specification, interface
definitions, and reuse guide.)
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5 What Are the Challenges and Risks?

From her study, Schumann could see that successful product line adoption correlatesto a
number of success factors. Some are technical, such as deep domain expertise, but most often
nontechnical factors, such as an early adopter mentality, contribute to long-term success.
Organizations that are succeeding in product line development exhibit one or more of these
factors. However, no technological innovation is without risks. Most of the companies
responding to the questionnaire identified reluctance of their organizationsto adopt a new
technology. This reluctance applied almost equally to devel opers (32%), management (36%),
and organization-wide staff (52%). Other organizations reported difficulties relating to the
largeinitial investment and the significant lead time necessary to realize benefits, while some
organizations do not believe that such an investment or lead time is required. This section
presents challenges to achieving successin product lines as well as the criteria most often
observed in companies that have succeeded.

5.1 Success Criteria

How does an organization define success? For Schumann, success includes achieving lower
costsin fielding products, adding new features to products, attaining more rapid time to
market, and expanding the set of products she can deliver. The benefits listed in the previous
section cover the range of goal s that organi zations set for achieving success in adopting a
product line approach. Organizations that have successfully developed product lines
generally share a number of common characteristics. While success can come without al
these criteria being met, success generally has come to those organizations that exhibit most
of the following characteristics to some degree [Clements 02, Section 12.3]:

e deep domain expertise: Organizations must have significant experience in developing
products before adopting a product line approach. This experience provides knowledge of
commonalities within the product line domains that are likely to yield significant reuse
possibilities. Often, organizations migrate to a product line, directly capitalizing on the
experience as they field new systems and capturing the knowledge in an architecture or
requirements database. Organi zations such as Cummins and Philips clearly have therich
legacy of successful product development and domain understanding necessary to field a
product line.

» processdiscipline: Developersin product line organizations must cooperate in the
development of assets and products. The processes they use must be applied consistently
both within asset creation and product devel opment. Some organizations choose to
concentrate asset development into an independent organization, while others disperse
asset creation among product groups [Bosch 01]. The product line questionnaire
responses revealed about an even split between these two approaches: 42% within the
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product group and 39% in independent asset groups. In either case, the groups must work
collaboratively and be able to share assets, tools, processes, and products.

» architectural excellence: Product lines are generally built around a product line
architecture that may either be built into a generator or be a separate asset. Successin the
product line requires an architecture that can support variation discovered in
understanding product line domains. The successful organizations use the architecture not
only as ablueprint for building products, but also as a mechanism for organizing
software devel opment, of both assets and products. Several questionnaire respondents
included comments about the extent to which architecture influences their overall product
line strategy. The architecture requires continuous improvement as products are fielded,
so it may also require reevaluation. Successful organizations must plan for the
sustainment of the product assets, especially architecture, and allocate resources to that
task.

e strong champion: Successful organizations must have one or more individuals who
maintain the product line vision through the development of assets and initial product
line products. Such a champion must understand the product line concepts and have the
authority to make change happen. Ron Temple clearly represented this individual at
Cummins [Clements 02].

* management commitment: A product line will not survive lacking strong management
commitment. The product line commitment may run against the demands of individual
product deliveries, but management must align those demands without sacrificing the
product line concept. Successful product line organizations often have put scarce
resources into asset development without seeing tangible returns for two years. On the
other hand, questionnaire respondents reported that management used product line
terminology but did not grasp the strategic nature of product line adoption or the
commitment required to achieve success. Product line adoption requires serious
management buy-in. Lacking this buy-in, however, the product line may never seeits
initial products, or it will soon see products that deviate from the product line architecture
and other assets.

« change of mindset: The organization must shift its thinking from product-by-product
devel opment to the product line perspective. Cummins has emphasized the importance of
this change. Devel opers, marketers, and management must realize that they no longer
create, market, and sdll individual, stand-alone products. Rather, they are creating,
marketing, and selling the product line; individual products are an outgrowth or even a
side effect of building and maintaining the product line. Everyone in the organization
must recognize the contribution that each makes to the product line and the benefits that
product line efforts bring to the organi zation.

Case studies reveal two final criteria, not only for success but also as strong motivators:

» desperation: The case studies for both CelsiusTech (now Saab Systems) [Brownsword
96] and Cummins [Dager 00, Clements 02] show that the necessity of adopting product
line approachesis a strong motivator for achieving success. In both cases, meeting key
business goal s necessitated adoption of an approach that could capitalize on the
commonality among a number of systems that were being fielded simultaneously. Once
they adopted product line approaches, both organizations reported that these approaches
were essential to their continued success.

e new companies: A new organization can often succeed where inertiawill drag down the
innovative elements within an older company. Salion, a company described briefly in
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Appendix C, organized itself to support automotive and other manufacturing
organizations. Its business model was to offer manufacturers an application service,
tailored to the manufacturer’s factory operations, that supports parts procurement and
delivery. From the start, Salion built its business around the ability to provide a core
capability with components tailorable to each user’s needs. An established company
would, no doubt, find it difficult to shift from individual productsto a product line
mentality, but as a new organization with an innovative mindset, Salion found it natural
to take on the product line approach. Companies entering new markets or devel oping new
ways of delivering their products, such asWeb-based delivery, may also find product
lines a natural way of doing business.

Schumann evaluated her situation against these criteria. Her situation wasn't desperate yet.
However, she could see atime when her budget could not continue to support so many
independent developments. It would be better to fix things now rather than wait until they
became critical. Schumann’s group contained significant expertise in several of the
monitoring areas, yet much of the expertise was located in individual products. Expertsin
several key areas were not in her business unit at al, but belonged to other technology
groups. She would face a challenge in bringing together the appropriate levels of expertise.

Schumann foresaw a problem in managing the software process as well. The degree of
independence among the development groups led to different devel opment approaches, not
unlike those at Cummins before it adopted a product line approach. In addition, several of the
devel opment groups came from organizations that Schumann’s company had acquired over
the years. These groups still maintained their own devel opment approaches. A moveto a
product line would require careful introduction of new sets of process, possibly inan
incremental fashion as new products fall under the product line.

Schumann had considerabl e authority to manage her organization and was developing a
vision of how product lines would provide benefits. However, a significant change would
require approval from higher level management. She would have to obtain this approval
through the business case that she was developing and the benefits that she would quantify
for senior management.

5.2 Challenges to Successful Product Line Adoption

While many technical issues pose risks, questionnaire respondents listed failure to achieve
buy-in throughout an organization asthe risk that most often interferes with product line
adoption. Schumann recognized this risk—the driver-monitoring product line would simply
not achieve its goalsif the organization did not accept product lines as away of doing
business. The success criteriaincluded the adoption of specific technical practices, especially
those that are required to achieve architectura excellence. While appropriate guidance exists
in these key technical practice areas, if they are not adopted and applied across the product
line organization, asset developers will create assets that are never used, or product

devel opers will assume design approaches for a new product that are a mismatch with the
assets. The product line organization may either fail to institute beneficial practices or
ingtitute practices that are not appropriate to the particular organizationa situation.
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Schumann’s study found the following as some of the more common risks that organizations
must address [Clements 02, Section 6.5.5]:

no identified product line champion: Without a champion given sufficient management
authority, product lines cannot succeed. All the documented product line success stories
had such a champion, at least through the adoption phase. The champion isthe individual
who communi cates the vision to management and devel opers, maintains the vision
throughout the adoption, keeps developers on track when difficulties arise, and maintains
ahigh level of enthusiasm. Where no single individual has these qualities and roles (i.e.,
there is no product line champion), adoption generally does not happen. (Thisis also the
case for technology areas other than software product lines.)

approach mismatch: Software product lines should be a strategy that meets specific
business goals. While they vary among organizations, the product line goals are always
predicated on exploiting systematic reuse among products. If the products being

devel oped do not have sufficient commonality to warrant a product line approach, any
launching effort will fail due to alack of tangible results. In other words, a product line
approach to software is ameans to achieve an end and is not the end itself.

inadequate management commitment: The product line champion must convince
management of the viability of a product line approach to obtain its commitment for
proper funding, staffing, or allocation of other resources. While pilot projects are often
used to obtain such commitment, they must focus on applications in the organization’'s
main line of business and generate real and immediate results. The champion must be
able to convince management to back effortsin high-visibility units with some of the key
personnd from those units. Without these key people, the pilot is not likely to succeed.
The champion must obtain commitment at the proper levels and within certain time
frames for successful adoption. Even awell-executed pilot in an obscure business unit or
an isolated domain may do little to advance the adoption effort. Management is less
likely to invest in a business unit that does not perform well or is not considered critical
to the company’s success. These efforts must focus on devel oping the commitment at
high organizational levels that may have more strategic perspectives on the business
situation and future needs.

insufficient staff commitment: The product line champion must also convince the
technical staff of the viability of a product line approach. Without the commitment of
technical staff, they will likely torpedo the effort. A major aspect of any product line
launch should focus on educating and achieving the staff's buy-in. As a mitigation step,
the organization must involve technical staff in the definition of plans and processes.

insufficient bounding: A frequent complaint among organi zations seeking to adopt
product linesis the long lead time and costly effort required to attain measurable benefits.
The plan for an initia product line capability must be timed to realize and justify the
investment. Some organizations limit the initial product line scope to create only high-
payoff assets and incrementally expand the scope of coverage. Others limit the market
focusto address a small number of productsin theinitial product and concentrate on
delivering valuable benefits within the needed time frame. Over time, they will bring
more products under the product line approach.

inappropriate levels of interaction: The product line approach must span organizational
boundaries. Management, engineering, and marketing staff must work collaboratively in
product line adoption and application. Inadequate collaboration among these groups may
produce unattainabl e goals, marketing of products that cannot be devel oped within the
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product line, or assets and production plansthat are insufficient to address rea needs.
Marketers must be aware of the product line's ability to support the needs of a new
customer, and management must set goal's within the adopted approach to limit
unsupportable deviations from the product line. Still, product line approaches should
ensure that the product line can evolve to accommodate future products.

e inappropriate standardization: Organizations often err in assuming that adoption of
standards will automatically support product lines. Unfortunately, if institutionalization
occurs too quickly, inappropriate or obsolescent standards may be instituted, and
innovation may be terminated prematurely. On the other hand, if standardization
opportunities are missed or delayed, there may be redundant or unnecessarily divergent
efforts. Too much of too many products will become system unique, and the organization
will miss opportunities for optimally effective practices.

« insufficient tailoring: Just as architecture or components require some degree of tailoring
across a product line, the organization must often tailor practices across development
groups or products. Applied inappropriately, practices within the organization may result
in suboptimal performance or unsupported deviations from the preferred practices.

» failureto evolve the approach: If the approach to software product linesis not
continuously improved over time, practices will likely become ineffective, and
unsupported deviations will arise out of necessity.

* ineffective dissemination: The product line champion must take responsibility for
developing and distributing the appropriate level and type of documentation, adequate
training, and effective product line support. These products are essential for a successful
product line launch. The launch will not occur in the planned form or produce the desired
outcomes in the required time frame if there is inadequate preparation.

No single organization will face all these risks, but results of the questionnaire showed that
al the responding organizations recognized at least three or four of the problemslisted in
Table 9. Other risks identified in the questionnaire included

e skeptical or uninformed customers
e impulse within the organization to fall back on traditional, one-at-a-time methods
* improper timing of product line introduction (e.g., midst of critical product release)

Table 9:  Risks of Product Line Adoption

Problem Per cent
Responding
Organizational resistance 52%
Management resistance 36%
Devel oper resistance 32%
Concerns over large investment 45%
Lack of properly trained staff 29%
Inability to measure impact 19%
Concerns of long lead time 18%
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6 How to Proceed

Next, Schumann had to decide how to proceed. What must an organization do to overcome
resistance while addressing the risks and achieving the benefits listed in the previous section?
Based on the success criteria cited in Section 5.1, Schumann determined that successful
organizations must address several key objectives:

» Have astrong product line champion to advocate the product line cause.
*  Prepare management and development personnel for the changes.
* Follow an incremental development approach that can show concrete results early.

» Make architecture the key asset and use domain understanding and requirements
engineering as the basis for generating the architecture.

» Makethe cost of opting out of the product line too high for the individua projects.

« ldentify applied research areas, both in development and process areas, to close the gap
between theory and practice.

6.1 Establish a Product Line Champion

Schumann saw hersdlf as the product line champion, leading the strategic planning and long-
term focus on outcome and payback. Adoption across the organization requires collaboration
among functions as diverse as management, engineering, marketing, sales, support, and
administration. Seeing an organization through the adoption process and initial operational
state requires aleader who is respected by higher level management, development
organizations, and customers. The leader must have technical knowledge to understand the
architectural and production issues and be an excellent planner and manager with skillsin
financia analysis and strategic planning. These characteristics are those of the product line
champion. The champion must also be committed, along with management, to a multi-year
effort from kickoff to routine production in the product line.

6.2 Prepare for Change

Many organizations are unprepared for the changes required for product line adoption. While
technically able and committed to minimize costs and time to market while maximizing
quality, they have been optimized to deliver single systems. The training, compensation, and
promotion criteria are al geared towards rewarding the success of managers and devel opers
of individual projects. The notion of sharing resources across an organization is foreign and
regarded as suspect. The product line champion together with the technical staff must develop
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adequate training and processes to support the product line approach and ensure their
dissemination.

The organization must also consider organizational structures. Table 10 summarizes the
questionnaire results for structuring the organization for product lines:

Table 10: Structuring the Organization for the Product Line Approach

Organizational Structure Per cent
Responding

Separate core asset development unit supplying assets to product groups 39%

Core asset development as part of product group 42%

Business units share responsibilities for asset development 13%

Hierarchy of core asset devel opment teams and product group asset teams | 3%

Other 23%

As product line champion, Schumann must also secure funding for the asset development
effort. She will use the results of her study and the questionnaire to prepare her business case
that will establish the scope of the product line and define the expected benefits. It will also
cite the successful achievements of other organizations and propose an organizational
structure for core asset and product development from within her business unit. Armed with
this support material, Schumann feels confident that she will be able to make a strong
presentation to management. Product lines represent a new and challenging approach for
attacking many of the software engineering difficulties that have plagued the industry, and
Schumann is committed to making the case for product line adoption.

6.3 Follow an Incremental Approach to Show Early Results

A good first step isto develop an example system to elaborate the possibilities for product
lines. A recommended approach [Weiss 99] is to gather some of the best development people
for ashort period (aweek or less) and work a design problem related to real project needs
that the organization faces. This study will provide the opportunity to examine various
techniques. The problem should exhibit a significant degree of variation and cross various
domains that apply to the organization’s products.

For Schumann'’s organization, the scope of design issues includes the family of systems that
would apply to both cars and trucks (one mgjor point of variation). Systemsin the product
line would be used for a variety of purposes:
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e on-board diagnosis

e driver performance (safety, economy, emission control)
e routine and specia maintenance

* driver training and certification

The example development effort will also examine a variety of subsystems or domains
including real-time monitoring, databases, displays, and others. In addition, the effort will
examine issues of variability along a number of views:

* domains - In addition to automotive expertise, what other domain experts are needed?

* methods - Employ groups to discuss variation methods that cut across domains, such as
automatic software generation or aspect orientation.

e product development - What types of assets are needed to build a variety of products, and
what approaches for product development should the asset base support?

Questions to address in this example system include the following:

» Isthe process of understanding variability within a domain the same regardless of
domains? In the driver-monitoring example, does database design require a different
approach from the real-time monitoring domain?

*  How does each group handle variation in the domain?

e What support can specialized tools provide?

The example development will investigate and bring out issues that cover requirements,
architecture, component design, testing, group organization, product development, and so
forth. The product will be areport for management and devel opment staff covering numerous
aspects of the product line plus instruction in possible methods for the asset-building phase.
From this starting point, an organization can devel op follow-up activities to begin putting its
own product line approach in place.

6.4 Establish Architecture as the Key Asset

While many elements within the product line organization will compete for resources,
product line architecture must be given priority. Based on an understanding of relevant
domains and requirements engineering, the architecture partitions the solution space, supports
development of assets and products, provides organization of development teams, enables
attainment of quality goals, and gives concrete objectives to plans and schedul es. |nadequate
investment in architecture will result in components that cannot work together properly and a
flimsy structure for product development; products will not meet quality factors and will not
be maintainable.

Organizations must establish a plan for exploiting architectural excellence within the
organization. Single-product devel opment tends to reward accomplishments on asingle
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project. The organization must make changes in the reward system to provide incentives to
product architects who use and strengthen the asset base. The organization must also

incul cate direct collaboration among projects in the product line. Enforcing use of the
architecture may require atraining program in asset structure and use for product
development groups.

6.5 Make Cost of Opting Out High

Many organizations decide to pursue a product line approach but, at the same time, let
individual projects make their own decisions about participating in the product line. The
success stories cited above required projectsto be a part of the product line or pay a stiff
penaty—usually paying a share of the product line development and sustainment costs out of
their own budget. For example, an organization may take asset development costs out of
individual project budgets. The understanding is that the projects will now have much of their
applications pre-built as product line assets. Projects not using assets will pay double for
those elements of their system, perhaps making it impossible for them to meet their own
budgets.

6.6 Research Topics

Respondents to the product line questionnaire most often cited architecture as the single
hardest element in aproduct line to create and record. At the same time, they regard the
product line architecture as essential to the product line's success. This suggests several areas
for applying research within the product line group. The following architecture issues were
among those cited by the respondents:

» developers not trained in architecture methods. One respondent described his devel opers
as expertsin assembly language, but not in large-scale project development practices.

e inability to evolve architecture with product. Keep component code and architecturein
sync.
» defining component interfaces. What architecture standards exist for defining the

interface and the required variations across the product line? What degree of variation is
allowed within the architecture, and what variation requires architecture change?

» closing conceptua gap between product line architecture and product architecture. What
isthe relationship of the product line's architecture to the individua product’s
architecture? How does the product group document its use of the product line
architecture to ensure adequate feedback of resultsto other product line developers?
What implementation decisions were made for each product?

A second major area of concern involves extracting and documenting commonality and
variability in acollection of existing systems and forecasting those characteristics for future
developments. The following issues were among those cited in this category of the
guestionnaire:

CMU/SEI-2002-TN-017 29



« ability to define adomain. What are the key areas of expertise required to develop a set
of related products? What techniques are useful in documenting domain understanding?

e closing the conceptual gap between domain understanding, requirements, and
architecture. Organizations find it difficult to record variability requirements, yet without
them they cannot identify the points of variation within an architecture. What tools or
approaches support domain modeling? How does one use models, use cases, or other
analysis results to make architectural decisions such as what elements of a component
asset interface must be exposed?

» variation mechanisms and when to apply them. Though not a direct response on the
questionnaire, organizations must distinguish variability as a characteristic or quality of
the architecture or other assets from variability mechanisms supporting specific types of
variability. Jan Bosch has contrasted variability mechanisms according to a product line
approach [Bosch 02]. Further research in this area could benefit the product line
organization.

A final areain need of further research includes practices for organizational management:

« Determine the essentia product line metrics. What metrics must an organization keep to
assess the impact of product lines? How are these captured and how are they reported?

« Establish funding and financial models. What funding approaches should an organization
consider? Should product line devel opment come from a corporate research program or
from technology programs within specific business units? Should the organization
capitalize the costs of developing software assets? If so, how should they be capitalized
and amortized?

»  Perform marketing and technology forecasting. How does an organization determine the
ideal scope for a product line, knowing that the product line must support products over a
multi-year period beginning some years out? What technology investigations are
necessary to maintain currency within the product line?

» Evaluate aternative organizationa structures. Can an organization compare dternative
organizational strategiesin advance of product line adoption? How might results differ
given centralized asset development versus asset development distributed to individual
business units?

« Determine the effect of product lines on operations. What stages must an organization go
through to realize the product line approach as its standard way of doing business? How
are managers, developers, suppliers, and customers affected by the transition?
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7 Summary

Schumann drew several conclusions from her investigation. Software product lines represent
anew approach for software development that can provide real benefits to an organization.
While not all situations are appropriate for a product line approach, certain factors generally
lead an organization to consider adoption of a product line approach:

« need for multiple products sharing similar requirements

» recognized expertise and a desire for market leadership (or the desire to maintain that
leadership)

e customer base to support products for some years to come
e strategic vision within the organization

These conditions were present in the case studies summarized in this report and the
characterizations provided by the respondents to the product line questionnaire. From the
technical perspective, many companies have been very successful in developing and fielding
products using a product line approach. Practices in the management area are |less mature but
are recognized as an area for further investigation.

While many companies have succeeded in adopting a product line approach as their standard
way of doing business, most of the questionnaire respondents are either beginning the
adoption process or are in transition. Few of the respondents have adequate data to show
meaningful results yet, but they remain committed due to the promise of financial and other
benefits. A future study of many of these companies ayear or two from now would reveal the
extent of product line adoption and the realization of those benefits. That study would also
give awider sampling of success factors, risks, and the critical first steps (or steps to avoid)
in product line adoption.

Several sets of studies have helped define the field and are frequently cited:

e Studies by Jan Bosch and colleagues. Bosch has concentrated on many of the
organizational issues including organizational structures for asset and product
devel opment, organizational maturity, and mechanisms for dealing with variability.

« Institute for Experimental Software Engineering reports. These reports cover methods for
product line scoping, domain anaysis, product line architecture, product devel opment,
and businessissues.

e SEl book and reports. The SEI Framework for Software Product Line Practice, asthe
name implies, provides a structure for describing essential software product line practice
areas, introduces patterns for applying those practices, and presents case studies of
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successful product line adoption. SEI reports cover the gamut of product line practices
from making the business case to component strategies.

« Information Technology for European Advancement (ITEA). ITEA is an eight-year
strategic pan-European program for research and development in embedded and
distributed software. The Engineering Software Architectures, Processes, and Platforms
for System Families (ESAPS) and Concepts to Application in System-Family
Engineering (CAFE) are two projects sponsored by I TEA that bring together leading
exponents of software product line practices.

»  Software Productivity Consortium (SPC). The SPC was an early advocate of software
product line approaches. Many of the consortium member organizations have applied

and benefited from the Product Line Management and Engineering (PLME) methodol ogy

developed by the SPC.2

Still, there are areas for further research. To identify the appropriateness of specific methods
for a particular situation, we must begin to correlate organizational, product, and practice
characteristics. The questionnaire provides ample evidence of the range of approaches that
organizations are taking, but a more systematic study could reveal the correlation between
those approaches, the size of the organization, the size of productsin the product line, and
such factors as the maturity of the product line. The results of that study would support the
organizational planning needed for making the strategic decisions of product line adoption.

% The SPC’s Web site at <www.software.org> contains numerous references and articles on its

product line approach, most of which are available to members only. Morisio, Tully, and Ezran

report on the application of SPC approaches by Thomson-CSF (now Thales) for training simulation

systems [Morisio 00].
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Appendix A Software Product Line Questionnaire

Industrial Experience with Product Line Approaches

This questionnaire will examine your current status in adopting software product line
approaches. The Framework for Software Product Line Practice serves as areference model
for the questions [Clements 02]. The results we obtain from this survey will be available to
the community and will help us organize subgroups at an upcoming workshop on Industrial
Experience with Product Line Approaches. We will hold the workshop at the International
Conference on Software Reuse, on April 16, 2002. Both survey participants and those who
did not participate but are interested in discussing the results are welcome to attend. The
workshop description is located at <http://www.sei.cmu.edu/plp/icsr_workshop/>.

The survey results should help us gauge the state of product line practice. We are looking
here for industry experience but are not limiting the survey to industry participants. We want
to understand the contributions coming from academic organizations or independent
researchers and consultants as well. We want to obtain information from four types of
organizations:

those who aready have product line activitiesin place
those working on transitioning to product line approaches
those considering the adoption of product lines

A WP

those who started a product line activity and later abandoned it for whatever reason

We hope that organizations will use the resultsto compare their progress with that of others
and to identify areas for further investigation.

There are also severd different business models that we want to examine:

» development of software products derived from a common asset base for use within the
enterprise

» development of a platform that serves as a baseline for tailoring and use by other
organizations

e commissioning of product line assets from an outside organization

e companiesthat have attempted product line practices, but have not yet succeeded in
widespread adoption or have abandoned the concept

CMU/SEI-2002-TN-017 33



We also want to examine specific aspects of your product line:

market or mission area
products already fielded
product line practices used
organizational patterns
economic or other benefits

factors leading to favorable (or unfavorable) conclusions

34
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Information About Yourself (Optional)

This information is optional. We will keep all responses anonymous, but if you would like us
to contact you or send you follow-up information, please supply information. We will keep it
confidential.

User Information
O May we contact you to follow up on the answers you are providing regarding
your product line activities?

First Name: Last Name:
Job Title: Company
Phone: FAX:
Email:

City: State:
Country: ZIP
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Information About Your Organization
(For consultants: the organization you work with)

How would you classify your organization?
industry

government
academia
consulting
other

|
L 2

(Y NN EE YN

What is the size of your software development organization?
1-50 persons

50-300
300-1000
1000 or larger

ooooU

What is your position in your organization? (check all that apply)
software manager

asset developer

product developer
organization policy setter
researcher

consultant

other

poooooo

|

L1 2l

What is the scope of the answers you are providing?
organization-wide

asset development level

single or multiple product development
combination of above or other. Please explain:

|
L 2

(MY Y EY N
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Product Line Questions

In your organization, what terms do you use for product line?
product line

product family

application platform

application framework
component-based development
other

|
L 2

oooopo

What is your definition of software product line or your alternate term?
Please use the forms below to provide your definitions. If alternate terms are used, please
include and define them. Also include any citations for your work.

3

Definitions

d | _.J;J

Citation(s)
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What is your stage in product line adoption?
currently operating multiple product lines. If so, how many in your organization?

=]
q j ll |
operating one product line

developing assets for first product line

determined to adopt product lines, but adopting new processes and organizational
structure
considering product line adoption

attempted to adopt a product line approach but did not succeed
(Please provide a brief explanation.)

3

U

o0 000

L o

Which best describes the focus of your product line approach?
We build (or plan to build) product lines using specially built in-house assets.

We built (or plan to build) product lines using legacy in-house assets.

We commission an external organization to supply assets based on our specifications.
We purchase assets (components, COTS) from external organizations.

We commission an external organization to supply assets and products.

We built assets or a platform used by external groups for developing their products.
Other. Please provide an explanation.

3

pooopoou

L o

38 CMU/SEI-2002-TN-017



What market or mission area do your product lines address?

poooooooo

aerospace (including embedded and avionics)

automotive (including embedded and telematics)
business, e-commerce

computer systems related (printers, routers, displays, etc.)
consumer electronics (entertainment related)
manufacturing

medical

telecommunications

defense weapon related or other (Please explain.)

3

L o

What technical product line practices are you using? Please provide details or citations below.

pooopoooo

oo

Scoping

Understanding Relevant Domains

Requirements Engineering

Architecture Definition (use of a common architecture for each product line)

Architecture Evaluation (use of a common architecture for each product line)

Component Development Strategies (sharing components between products)

Product Line Testing

Configuration Management. What percentage of code for a typical product is derived from assets?

e |
| 27
Legacy Mining
Data Collection, Metrics, and Tracking
Tools Support

Please provide any details or citations below.
(Examples: What variability mechanisms do you use? Do you use generator technology?)

3

L of
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What tools are you using for product line support? Please provide details or citations below.

Requirements Engineering

O Requisite Pro O Satisfied O Needs improvement O Unsatisfied
[ DOORS O Satisfied O Needs improvement O Unsatisfied
O SLATE O Satisfied O Needs improvement O Unsatisfied
[ Others or homegrown (Please provide any details or citations below.)

i
L4y o

Modeling

O Rational Rose O Satisfied O Needs improvement O Unsatisfied
O Artisan Studio O Satisfied O Needs improvement O Unsatisfied
O Rbhapsody (I-Logix) [ Satisfied O Needs improvement O Unsatisfied
O Others or homegrown (Please provide any details or citations below.)

i
g o

Configuration Management

O Clear Case O Satisfied O Needs improvement O Unsatisfied
O ccc O Satisfied O Needs improvement O Unsatisfied
O CM Synergy O Satisfied O Needs improvement O Unsatisfied
O Others or homegrown (Please provide any details or citations below.)

i
L4y o
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How would you characterize your product line organizational structure?

(I W W MRy W

Core asset development is performed within product group(s).
Business units share responsibilities for asset development.
Separate core asset development unit supplies assets to product groups.

Organization consists of hierarchy of core asset development units: corporate wide supplying assets
to domain engineering units within product groups.
Other (Please provide any details or citations below.)

g
1 o

What led you to adopt your product line approach? Please provide details or citations below.

(I W O Ry WA iy N

reduce time to market

increase market share

improve productivity in features per new product per time period
reduce costs

improve ability to meet customization demands

improve quality

Other (Please explain.)

Please provide any deta