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Software Engineering Institute

Who We Are: Applied R&D laboratory situated as a college-level
unit at Carnegie Mellon University, Pittsburgh, PA, USA

Purpose: Help others make measured improvements in their
software engineering practices

First objective: Accelerate the intraduction and
widespread use of high-pay off software |
engineering practices and technology
identifying, evaluating, and maturing
promising or underused technology
and practices.

YWe are a small organization. Ye
have to pick these practices carefully.

COne we have chosen is
software product lines.
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What is a Software Product Line?

A software product line is 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
assets in a prescribed way.

« Product lines in manufacturing have been

around for centuries.
+ Software product lines have not.
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Why software product lines?

Because of the high-payoff results they make possible in
practice:

lmpraved prnductivit%/
by as much as 10x

Decreaszed tirme to market
by as much as 10x

Decreased cost
by as much as B0%

Decreased labor needs
by as much as 10% fewer software developers

Increased quality
by as much as 10X fewer defects
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Real-world examples

muccessful software product lines have achieved these results

= across multiple domains
- Maobile phones
- Command and control ship systems
- Ground-based spacecraft systems
- Avionics systems
- Pagers
- Engine control systems
- Billing systems
- Wehghased retail systems
- Printers
- Consumer electronic products
- Acquisition management enterprise systems

= in large organizations and small

= in Government and private sectors
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Product lines — building a family of products from
interchangeable parts — have existed for centuries.

A thousand years ago, Li Chieh, the state architect of
the Chinese emperor Hui-tsung, published a set of
building codes for official buildings:

+ Standard parts and ways to connect the parts

+ Parameterized variations: lengths, loads

+ Dptions for components

+ Finishing with brackets, decorations

This book defined a set of reusable designs: a
“product line” of buildings.

22006 hy Camegie Mellon Onlverdb page 13
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A large, modern example
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These two very different aircraft were
designed together and have about ED% a W
ﬂiﬂﬁl@lﬁﬂlﬂ C.';'mmﬂﬂ L wwiwbosing.com

ole Ml page 1a

Previous Next Exit Slide Show

1234567891011 121314 1516 1718 19 2021 22 2324 25 26 27 28 29 30

http://www-preview.sei.cmu.edu/activities/productlinesl/library/presentations/set/set2005_8.htm [12/5/2008 8:32:59 AM]


http://www-preview.sei.cmu.edu/productlines/presentations.html

Software Product Lines: Past, Present, and Future (Page 9)

—— Carnegie Melbon
Software Engineering Institute
“A commimoh type-rating enahles pilots qualified to fly.any.
faf or f6f to.fly all the others with minimal-aeeitional
familiarizationy saving trainingtime and costs.Fhed5f/ 767
allows crews tn*-iTy-mpl:E models with a g-[-eater variety of
g*' g@e widthsseapacitie's, and.cdng E.Bﬂ{-\ﬂ.hlhtles an.any.

= f cof

Previous Next Exit Slide Show
1234567891011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

http://www-preview.sei.cmu.edu/activities/productlinesl/library/presentati ong/set/set2005_9.htm [12/5/2008 8:33:00 AM]


http://www-preview.sei.cmu.edu/productlines/presentations.html

Software Product Lines: Past, Present, and Future (Page 10)

CarnegieMelbon
Software Engineering Institute

Another Example:
The Airbus A-320 Family

« 100-200 seats + Same wing

+ 103-14& feet in length + Same flight deck

et RS COFY
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Yet another example of a product line

e i
.....

Dihl. hamburger

What are the core
assets hera?

What do these
products have
If COMmmon s

Diouble cheesebhur@®r VYeggie burge

Source; waan burgerking. com
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Questions

VYWwhat does a company gain from producing a product line
of sandwiches? Of commercial passenger aircraft?
+ Simplified production of components
+ Simplified management of inventory
+ Simplified training
+ Streamlined production facilities and
Process
+ Market recognition and mind share
+ Flexibility — ability to add news
products quickly
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Examples are everywhere!

Manufacturing technology — particularly the principle of
interchangeahle parts — makes the product line concept
appear almost everywhere.

Look around this room. How marny product lines do you
sSeeY :

In 1964, IBM introduced the
Systemfabl family of computers.
Each model differed widely in
performance and features, but
they all ran the same programs.
The operating system was also a3
farmily.
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What about Software?

Software engineers knew about interchangeable parts.

Ve knews itwas better to avoid designing and building
software from scratch,

In otherwords, it seemed that reuse was the way to
achieve greater productivity.

Ve hegan with small-scale reuse.
+ Subroutines were the first example.
« VWe recognized that different systems shared common
parts.
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Moving to Large-Scale Reuse

Most organizations produce families of similar
systems, differentiated by features.

Reuse should pay off.
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But reuse has a disappointing history

1990°s

1980°s

1970's : Components
1960°s MModules ﬂhjE[:tS P
Subrotines

Focus was small-grained and opporunistic.
Results fell short of expectations.
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“If you busld it. ..

... they will come.”

It turns out they don't.

The ogpoorunistic model

of reuse has heen a
thorough failure. FIELDoF DREAMS
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Some companies were trying a new approach

CelsiusTech's Shipsystem 20000 A family of 55 shipboard
Command-and-control systems

» Began in 1984 with two systems

» Built from single core asset hase

» Hardware-to-software cost ratio
changed from 35:6%5 to 80:20

= Software staffwent from 210 to 30

o Cyole time went from ¥-10 yvears to 2-3.

» Heuse ~ 490%

» |ntegration test of 1-1.5 million SLOC
requires 1-2 peaple

» Re-hosting to a new platformyos
takes 3 months

» zostand schedule targets are
predictably met

» Customer satisfaction is high
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The Key Concepts

Use of a
cOmmon in production of a related
asset base set of products

ﬂrchi[:ture, Production Plan defined by
other core assets Scope Definition;
justified by

Business Case
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What happened next?

Other companies were trying this approach
+ Onwvarying scales
« With varying success

Topics of interest at the time
+ Domain analysis

+ Software architecture

+ Process improvement

+ [n 1996, the SEI published the CelsiusTech case study

+ [n 18997 we held our first product line warkshop.

+ |n 2000, the first International Software Product Line
Conference was held.
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Knowledge began to be codified
FEEEEEED

Software
Product-Line

Software
: Product Lines

Practices

Engineering

A Family-Based Software
Development Process

anil

..* Patterns

David M. Weiss

':-hi Tau Robert Lai ‘E;EE ]".I'lll| Clements
Faremoad by David Lorge Pasrmas "..:# Linda Morthrop
1994 2002
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Other Forces Fell Into Place

Rapidly maturing, increasingly sophisticated software development
technologies including object technology, component techholog)y,
standardization of commercial middleware.

A global realization of the importance of architectures
A universal recagnition of the need for process discipline.

Fole models and case studies emerging in the literature and trade
Journals.

Conterehces, workshops, and education programs including
product lines in the agenda.

Company and inter-company product ine inttiatives.

Fizing recognition of the amazing costpedormance savings that
are possible.
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Reuse: From Ad-Hoc to Systematic

2000°s
g 1980 1930°s Software
'S modulee  ODIECS Components praduct Lines
Subrodines
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Suftware Product Lines:

The*Present Landscape
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What Do We Have Now?

o RN
PR
=t -

Software product lines have emerged as an important,
viable paradigm for software dewvelopment.

=P« CoOnvincing evidence that software product line practice
can bring about significant improvements in software

development

+ A body of knowledge and a set of standard models for
software product lines

« A growing and energetic community of software product
line practitioners
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National Reconnaissance Office /
Raytheon: Control Channel Toolkit

Ground-based spacecraft
command and control systems

Increased quality by 10%
Incremental build time
reduced fram months
to weeks
ooftware productivity
increased by 7 &
Development time and costs
decreased by 50%
Decreazed product risk
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Cummins, Inc.

World's Iar?est manufacturer of
large diesel engines.

= 200 lpru:udun:t grnugs launched,
yielding over 1000 separate
engine applications

= /5% reuse, 360% productivity gain
= Product cycle time has plummeted.
Time to first engine start went from 250
persan-maonths to a few person-manths.
= Software quality 1= at an all-time high.

= Product line approach let them guickly enter and then
dominate the mdustrnal diesel engine market.
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Nokia Mobile Phones

Froduct lines with =30 new products q
peryear. Before product line, only ﬂ,

5-10 products per year.

Software product line is so
successful, Mokia is selling their
core asset base as a product.

Across products there are
« varying keys, displays, features, protocols
+ 50 languages and 130 countries
+ need for backwards compatibility
+ need for product behavior

change after release
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Hewlett Packard

Frinter systems
= 2-7% cycle time improvement (some 10x)
= 400% productivity improvement
= Sample Project
—shipped 5% number of products
—that were 4x as complex
—and had 3% the number of features

—with 4% products shipped/person
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Market Maker GmbH: MERGER

Internet-based stock market
sofbware

Each product "uniguely”
configured

Three days to put up
a customized system

)

i
[

HiEEE

| g1 LH)
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What Do We Have Now?

s
-
dsa

Software product lines have emerged as an important,
viable paradigm for software dewvelopment.

+ Convincing evidence that software product line practice
can bring about significant improvements in software
development

e+ 5 hody of knowledge and a set of standard models for
software product lines

« A growiing and energetic community of software product
line practitioners
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Information Sources

(Case studies,

experence repors, Warkshops,
and surveys and
conferences

Collaborations

. with customers
Applied research on actual product lines
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Three Essential Activities

&, Product

Core Asset R
Development.«<

Development
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The Nature of the Essential Activities

All three activities are interrelated
and highly iterative.

: Core f=zet
Deweloprnent

Product
Deweloprient

There is no "first” activity.

+ [n some contexts, existing pruducta
are mined for core assets.

+ [n others, core assets may be

developed or procured for future use.

There is a strong feedback loop between the
core assets and the products.

Strong management at multiple levels is needed throughout.
hManagement archestrates the processes to make the three
essential activities work together
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Snftware Product Lines are Not About

@ 2006 by Camegle Melion Univerdb page 4B
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Different Approaches - 1

Froactive: Develop the core assets first
+ Define the product line's scope first and use it as a
"mission” statement for the architecture and other assets
+ Froducts come to market guickly with minimum code-
wiriting .
+ Reguires up-front investment and predictive knowledge.

Feachive: Start with one or maore products
+ From these produce the product line core assets and
then future products; the scope evolves mare
dramatically.
+ Much lower cost of entry
« Architecture and other care assets must be robust,
extensible, and appropriate to future product line needs
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Different Approaches - 2

Incremenial Develop in stages with the plan from the
heginning to develop a product line.

+ Develop part of the core asset base, including the

architecture and some of the components.

+ Develop one or more products.

+ Develop part of the rest of the core asset base.

+ Develop mare products.

+ Evolve more of the core asset base.,
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Building the core asset base
Core assets include:

Requirements and
requirements analysis

HormEin madel ...with attached processes
Software architecture

Oocu mentati on

Test plans, test cases,
and d=at=

Feople knovdedge and
skills

Frocesses, methods,
andtool=s

Budget=s, schedules,
wor kplans

..and Software
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Building the production plan

Production plan
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Building a product...

Production Product
plan

H = product-s pecific element
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Software Engineering Institute
Product #n

Building v T
subsequent Wﬁ
products... sysiy B

Production

ﬁ = product-s pecific element
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o Carnegie Mellon [procesd whean ready]
~— Software Engineering Institute
Product #n

Feedback

22006 by Camegle Melion Univerdh page 22
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S CarnegieMellon
e e e reing Institut

Organization

The core asset hase

may be distributecd
and maintained by
separate groups...

Product #n

-4

-
" ;

. o .
T ? | ?

x- x-

...who cooperate
to build
a product.

22006 by Camegle Mallon Univerob
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CarnegieMellon
Software Engineering Institute

Product line experience has yielded
important lessons

Lessons in software engineering

Architectures for product lines
Testing variable architectures and components
Importance of having and capturing domain knowledge
Managing variations
Important of large, pre-integrated chunks
Lessons in technical/project management
 |[mportance of configuration manadement; wiy it's harder for product lines
» Product line scoping: What's in® What's out?
» Tool support for product lines
Lessons in organizational management.
Feople issues: how to bring ahout change, hiow to launch the effort
Qrganizational structure: Who builds the core assets?
Funding: How are the core assets paid for?
Interacting with the customer has whole new dimension
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SEl Framework for Product Line Practice

Weve distilled these lessons into praclice areas, areas of
expertise necessary for engineering any software system,
but which take on a different flavor in a product line context.
These form a framework for product tine praclice.

Software Technical Organizational
Engineering Management Management
frehitecture Definition Corfiguration Management | Buildrg a Business Case
Irehitecture Evalustion Dzta Collection, Metrics, Custorner Imterface Managerent
C ert Devel et and Tracking Implermerting an &cquisition
STperyErt SR Make/BuwMineCommizson Strategy
COTS WHilization fralyziz Furding
Mining Existing Assets . 1efi rition Launching ard Instituti onalizing
Requrerments Engneerlr!g Market Analysis
Software Systern Integration : Flanring Operations
Testing Technical Rizk Managemert | Organizational Flanring
Understanding Tool Support Orgarizational Risk Managernert
Felevant DomaEins Structring the Orgarizati on
Techrology Forecasting
Training
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Carnegie Mellon
Software Engineering Institute

Scoping

Scoping bounds a system or set of systems by defining
those behawviors or aspects that are in and those that are
out.

A scope definition lets you determine if a proposed new

product can be reasonably developed as part of the
existing {or planned) product line.

Yy'e want to draw the houndary so the product line is
profitable.

+ If the scope is too limited, there will be too few products
to justify the investment in the core assets.

+ If the Sc_:l:llpe 5 too large, the core assets will need to be
impossibly general.

+ If the scope encompasses the wrong products, the
product line will not succeed.
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Growing a Scope Definition

The scope starts out broad and very general.

In a product line of Weh software
+ Browsers are definitely in.
« Alrcraft flight simulators are definitely out.
+ Email handlers are... well, we aren't sure yet.

The scope grows more detailed as our knowledge increases
and the product line matures.

Initially, many possible systems will be "on the cusp,”
meaning their "infout” decision must made on a case-hy-
case basis. That's healthy.
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Scope precision increases as we
learn more...up to a point.

a: space of all possible products

b: early, coarse-grained "infout” decisions

c. product line scope with a healthy area of indecision
d: product line scope = product line requirements

If marny products appear on the cusp over time, you may
need to reactively adjust the scope.
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Proactively Adjusting the Scope

Companies highly skilled at product line engineering
purposely adjust their scope to take advantage of "nearby”
market opportunities. Examples:

CelsiusTech
. l_Ship system product line = Air defense system product
Ine
+ Forty percent of new system was complete on day one.
Cummins, Inc.
« Automotive diesel engine product line = industrial
diesel engine product line
+ Cuickly entered and dominated industrial engine market
Motorola
. i:_]ne-way pager product line = Two-way pager product
Ine
+ Same product line architecture used for both
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A Snapshot of the Body of Knowledge

De=signing Software Product Lines Software Product Lines ; Experience and
with UbAL: From Uze Cases o Research Directions,
Fattern-Based Software Architectures by Patrick Donohoe [Editor)
by Hassan Gomas
Design and Use of Softvware

Cemain Architecturas: Models and Architectures, By Jan Bosch

Architectures for UML Applications

by Draniel J. Druffy Software Reuse ; Architecture, Process
and Organization for Business Success,

Software Factories: Assembling by |. Jacobson, et al.

Applicati ons with Patterns, Model=,

Frarmewarks, and Tool= Managing Software Re-Use,

by Jack Gresnfizld by Wiayne C. Lim

Cemain-Crriven Design: Tadkding Feuse-Baszed Software Engineering:

Complexityin the Heart of Soflware Techniques, Organizations, and Controls,

by Eric Ewans by Hafedh Mili, et al.

Cormponent-Based Product Line Fractical Software Reuse,

Engineering with UkL by Donald J. Reifer

by Colin Atkinson, et al.
Software Product Lines: Practices and
Patterns,

SOUrce: amazon.com by Paul Clements and Linda Northrop
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What Do We Have Now?

s
-
dsa

Software product lines have emerged as an important,
viable paradigm for software dewvelopment.

+ Convincing evidence that software product line practice
can bring about significant improvements in software
development

+ A body of knowledge and a set of standard models for
software product lines

mp + 5 grovwing and energetic community of software product
line practitioners
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We now have a community of
software product line practitioners

YWe seek to
« Understand the principles and practices behind
software product engineering.

+ help others successfully adopt the paradigm
+ share experience

Major forums, workshops and conferences

+ Software Product Line Conferences (SPLC 1-3)

+ Product Family Engineering (FFE 1-5)

+ Merged in 2004 to become SPLC f 5SPLC-Europe

Community web sites
« oy sel cmu edu’productines
« worney softwareproductlines com
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CarnegieMellon
Software Engineering Institute

SEl Software Product Line Curriculum

Five one- and two-day courses -
« Software Product Lines Am:b“‘
+ Adopting Software Product Lines S /
+ Developing Software Product Lines ——
+ FProduct Line Technical FProbe Team Training
+ FProduct Line Technical Frobe Leader Training

Three certificate programs
« Software Product Line Professional Certificate
+ Product Line Technical Frobe Team Member Certificate
+ Product Line Technical Frobe Leader Certificate
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— Carnegie Mellon
: Software Engineering Institute

Software Product Line;:

The Future on the Horizon
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Current research topics

—p Product lines and aspects

+ An aspect is a concern that cuts across
units of code in a program.

+ Aspects represent a way to achieve
multi-dimensional separation of concerns.

+ bMaking a "global” change merely requires changing the
aspect and then weawving the aspect through the code.

+ Example: Changing a program'’s overall fault-handling
approach

(Can aspects be used to represent the wariation points of a
software product line”
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— CarnegieMellon
Software Engineering Institute
el LeraTLa b
Lirne Conference
EUROPE ey 7~
Lall for Participation

Aspects and Software Product Lines:
An Early Aspects Workshop at SPLC-Europe 2005

Rennes, France

26 September 2005
bkt oo enrly-nspects neteventssple 2000w | hitp: e, moe umi=ersen, de SPLC 2008

Backeround

Aspeci=crienied soffware development (AQSD) technigoes nim fo systematically ideniify, modularise,
represent and compose brosdiy-scoped propenies such ag security, mobility, availability and real-time
constriunds - the so called creszrutting concemyr - throughoat the sothware lide cycle. The mnatial foos
af ACSD techmiques bas been af the progamming level resulling in a range of asped-orienbed
programming [(ACF) techriguees, and a mumber of application shedies validnting them i real-wordd
application scenarios.  Recently, hewever, the term “Early Aspecis™ haz emerged to refer to ADSD
techndqpess that focus an Fenment of cressculting concemns that aries S ingplementation, especinlly
m requirements analyss and archiecture design. Frve Early Aspects workshops have beon beld 1o date
to explore this area [ see hitp: | arly-repecienet’). One very promising application of early aspects ks m
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Current research topics

- Product lines economic models

Here I1s our "classic” economic model:

Without Product
Line Approach

Cumulative With Product Line Approach
Cost

Number of
Products

This comes from a world where economic advantage is
anecdotal, intuitive, and based on single data points.
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Individuals Who Benefit — Anecdotally

CEO Architect

o0 Core Asset
Developer
anager
End User Customer
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SIMPLE

Structured Intuitive Model for Froduct Line Economics

« Corgl) . costto an organization of adopting the product
line approach

+ Coabl) - development cost to develop a core asset bhase

« Cuniguel) - costto develop unique software that itself is
not based on a product line platform.

+ Creuse() - costto reuse core assets in a core asset
hase

Example: Costof building a product line of n products =

Coe 0+ Crpa U + i (C e PTOGRICE )+ O, (product; )
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Software Engineering Institute

Current research topics

—p Product line practice patterns

Fatterns represent pre-packaged
solutions to known problems.

Design patterns are well-known in
software engineering.

Crganizational or process patterns also provide solutions or
solution strategies to attack recurring problems
= How do | determine the scope of my product line?
= How do | establish a production capability?
= How do | launch a product line effort?
= How do | adopt the product line approach across my whaole
organization?
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Example: “What to Build” Pattern

Understanding  Market Analysis
Relewant

Techrnology
Forecasting

Dorm2ins o peoguce| | ianvet rechnology | Techmlogy
Set Cilirate Predictions | Predictions
Dl flarfed
Mad'e's ) ) limate
Justification o
Scoping pi — Building =
Product Sat " Business Case
Pr&i‘i“ Ciu siess
Cas5e
¥ Soope +

Patterns can provide
- Guidance for managers, blueprint for arganizations
- Basis for process enactment, warkflows and rules engines
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Carnegie Mellon
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Other research topics

Product line testing

Variability mechanisms and
product line architectures

Lightweight, low-cost, low-barrier
product line approaches

“Mon-traditional” product lines

* Product lines of components for other product lines
+ Cross-organizational product lines
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In the Future

Software product line practice will be come a first-class
part of software engineering professional practice.

+ Product line engineering will be a standard part of
softwiare engineering curricula

+ Software architects will routinely consider building
architectures for a family of systems, using variability
mechanisms wisely

+ Product/project managers will always ask whether a
project being launched can be a product line.

+ Decision-makers will have the tools, models, and
experience bhase necessary to help them make the right
decizions and carry them out.

+ Development tools will handle the development of a
family of systems built and maintained in parallel.
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Key Themes Among Successful
Product Lines

Sophistication in the domain

A legacy base from which to build
Architectural excellence

Frocess maturity

Management commitment

Capacity for introspection
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Three Observations

Feusing software is not the same as establishing a
software product line.

It iz essential to maintain the reused software (and its
associated technical and developmental artifacts) and
manage itz evolution and growth separately from the
places where it is used.

Mature product line organizations prioritize the health and

welfare of their core asset hase —that is, their product
produchion capability — over that of any individual product.
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Pih infernatienal
...... Line '
ELIROFE e

Home
Organicalies ) seat
Frigramen Comittes Gily Frebernational e
Warkihags Software Product
Twfarials =
B Line Conference
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