Contents

Part I Introduction

1

Introduction to Software Product Line Engineering

1.1
1.2
1.3
1.4

Principles of Product Line ENgineering ...........cccceeceeeviiiniieecieesieeciee e esvee e
Engineering Customised ProdUuCts...........ccoocveriiiiiieniieniierie et
Motivations for Product Line Engineering...........ccocceeveiriieriienienienienieeeeeeieene
Software Product Line ENGINEering ..........ccceeveveeeriieriiieeiieeieeeiee e esveeeveeeseneens

A Framework for Software Product Line Engineering

2.1
2.2
23
2.4
2.5
2.6
2.7
2.8

INEEOAUCTION ...ttt ettt e et e e tb e e eveeeseaeesaveeensaeesaveaans
Two Development PrOCESSES. .....cuuiiuiiiriieiiieciieeieeeite e erveeeveeeseeeeseveesveeeeneenes
Overview of the Framework............ccoccviiiiiiiiiiinicce e
Domain ENGINEETING.........cccveruiiriiiieiieeiieerieenieesteetesteeteebeeseeseesssesnsesnseenseenseens
Domain ATETACES .....ccveiiiiieiiii ettt et e e e s aeeeaae e
Application ENGINEEIING.......cccvveiciiieiiieiiieeiiteeiee et este e e esveeeveeesaeesereeeseaeessseas
APPLCAtION ATLETACES ...eevieiieeieeiieieeie ettt et e et eteebe et eseeeseseenseenseenseens
Role of the Framework in the BoOOK ..........cc.cooviiiiiiiiiiiiieeeecee e,

Overview of the Example Domain: Home Automation

3.1
3.2
33
3.4
3.5

Smart Home Fundamentals ............cccoviriiiiiieiiiieeeeeee e
Building Blocks of a Home Automation SYStem ..........ccecceerieerierieeieeieeieeieenieane
AN EXAMPIC...oiiiiiiiiiciiiecee ettt ettt et e e ba e e taeeenbaeeareas
Software Variability in Smart Home Applications..........c.cccvevvvevvereenieseesvesneenns
Role of the Home Automation Domain in the BooK............cceeveviinieniniiiiniie,

Part I Product Line Variability

4

Principles of Variability

4.1
4.2
4.3
44
4.5
4.6
4.7

INEEOAUCTION .ttt st sb e et ae e e
Variability Subject and Variability ODJECt..........cccveviiirieriierierieeieeieeieeieeieeiens
Variability in Software Product Line Engineering...........cccocceeeeenieniinireiieenieeieene
Variability in Time vs. Variability in Space.........cccccceevviercieeeiieeieecieecree e,
Internal and External Variability .........ccccccveeviiriinienie e e sere e
Orthogonal Variability Model ...........cccoiiiiiiiiiiiiiie e
Handling Complexity in Variability Models...........cccoeeuvieciienciiniiieeieeciee e,



XXII Contents
4.8  Differences from Single-System Engineering..........cccccvevvevieriencienneeneeneenreenens 88

4.9 SUMIMATY ..eeiiitieiiiieiiie ettt ettt ettt ettt e st e e bt e e sabeesbeeesbbeesabeeesabeesabeeeneee 88

5 Documenting Variability in Requirements Artefacts 89
S0 B 115 (0T LT o) o TR PUSRRSRURRRRN 90

5.2 Documenting REqUITEMENLS .........c.cerieruiiiiieiieiieieerite ettt 91

5.3 Variability in Textual REqUITEMENTS ........c.cccevveerieeiiiieeieeeiie e esree e eeveeevee e 96

5.4  Variability in Requirements Models ..........ccccvevierieriiniiniicieceeeesee e 99

5.5  Traceability Between Variability Model and Requirements Artefacts.................. 109

5.6  Differences from Single-System Engineering...........cccoecvevveieieeiienieeneenienieeene 112

5.7 SUITIMATY .eieuvviiiiieeiieesieeette et e eteeeseteestbeeestteessseesssaeesseessseeessseesssasassssesssessnseeannns 113

6 Documenting Variability in Design Artefacts 115
6.1 INEEOAUCHION ...ttt ettt ettt e et e et e e ebee e aseesateeeebeesaraeenes 116

6.2 Architectural Artefacts ........ccccooiiiiiiiiiiiee e 117

6.3 The Reference ATChiteCtUre. .........cocueiuirieriiniieieieeee e 123

6.4  Variability in the Development VIEW..........ccccoeiiiriiriiniieniiieeeee et 124

6.5  Variability in the Process VIEW .........ccceciierciiiiiiicriieciee et e 131

6.6 Variability in the Code VIEW........ccceeviiiiiiiriieniiesiecieee sttt sreesne e 132

6.7  Differences from Single-System Engineering............ccoecvevevreeieerieneenieeneenieesnens 134

0.8 SUITIMATY ..ooutiiiiiiiiitieiiee ettt ettt ettt e st e et e e et e e bt e e sabeesbeeesabeesabeeenaee 134

7 Documenting Variability in Realisation Artefacts 135
A% R 6115 (0T LT3 (o) WO OO OO SO OS RPN 136

7.2 Detailed Design ATtefacts ........ccevuiriiiiiiiiiieniesieee ettt 137

7.3  Component Interface Variability.........ccccccveveiiiiiiiiiiieciee e 139

7.4  Internal Component Variability.........ccccccvevierierienienienreerieieeeeseeeseesenesneeveens 145

7.5  Differences from Single-System Engineering...........cccoecueveieiiienieneenieeneenieeene 147

A T 11111011 o 7RSS 147

8 Documenting Variability in Test Artefacts 149
8.1 INTOAUCTION ..ottt sttt et 150

8.2 TSt ATLEIACES ..eeiuiiiiieieeteeee ettt ettt ettt 151

8.3 Variability in TeSt ATtETaCES ....cvveriiriieiieiieieesee st ere e ere et seaeseneesreens 152

8.4  Differences from Single-System Engineering...........cccoccvevververeiennieeneeneesieennenns 157

8.5 SUIMIMATY .ttt ettt e ettt e st e s bt e e sabeesbaeesateas 157
Part III Domain Engineering 159
9 Product Management 163
0.1 INETOUCTION ..ttt sttt ettt et st e b s 164

0.2 TerMINOIOZY ..c.eveeiieiieiieeite ettt ettt ettt ettt s e sttt et e sbeesbeesabeeneeenteens 166



Contents XXIII

9.3 Traditional Product Management ACHVItIES ..........cceevvrerieerrierierierieeieereeeeeneeens 167
9.4 Portfolio Management............ccceeriiiiiiieeiieesieesiee ettt st 168
9.5  Extension of the Product Portfolio ..........cccccoiiiniiiiiiiiiiieceeeee 177
9.6  Management of EXiSting ProduCtS...........cccvvevieiiiiciieiieieieeesve e 186
0.7 SCOPINZ e eutieiietieiieeie et ete ettt e st e stesteeteebe e teesseessaessseanseanseensaensaesseesssennsennseans 188
9.8  Differences from Single-System Engineering..........c.cccceeevveererieevveencieeerveeeneens 189
0.9 SUMIMATY ..eieieiieiiieeiie ettt et e etee ettt ste e ettt esbeeestee e steesssaeesseesnseesnsseesnseesnneenns 191
10 Domain Requirements Engineering 193
10.1  INEEOAUCTION ..ottt ettt et ettt eetaeesebeeeaaeeseseeebneesasaaans 194
10.2 Traditional Requirements Engineering ACtiVIties .........ccueevveercreeerveerreeecieeenneenns 197
10.3 Challenges of Domain Requirements Engineering .............ccecveeveenieecieeneeninennnns 198
10.4  OVerview of Major STEPS ....ccveeiieieeieeiieree ettt ettt sttt eteeneeens 199
10.5 ReqUIrEMENtS SOUICTES .....ccvieeiiieiiieeiieesieeeieeesveeesteeeseveeeseeessseesseeessseessseeessseens 201
10.6  CommONAlity ANALYSIS ....ccvievvierrieriierreiiieieerieesreesteestesreesreeseesseesseesssesssessseesseens 201
10.7  Variability ANALYSIS.......ccoeeereiieciieiiieriierieseeseesteeteeteeteesseesseesseesssesssesnseesseenseens 204
10.8 Defining Requirements Variability .........ccccecvveireiiiiniiieniie e 206
10.9  EXAMPIC...iiiiiiiiiiiiieieeiesie sttt ettt e e s ae b e esbeesteesttessbessseesseesseesssassseesseesseessenns 209
10.10 Differences from Single-System Engineering............cceccvevvenienieniencieenienieeninns 215
LO.TT SUMIMATY ..eiiuiiiiiiieiiieeitee ettt ettt ettt st e e bt e e st e e sbteesabeeebaeesabeesbeeenas 216
11 Domain Design 217
T1.1 TNEOAUCHION «.oeniiiiiieee ettt sttt s 218
11.2  Traditional Design ACHVILIES ....c.cevueeruierieriieieeie et ettt seee e 220
11.3  Quality REqUITEMENTS......cccviiiiieiiiieeiieeiieerieeeee et sreeeveesbeeetaeeseseeeseeesaseens 221
11.4 Commonality and Variability in DeSigN.........cccccuevevirvieiriiiriieniieniesieene e eveenieens 225
11.5 Designing the Reference ArchiteCture...........ocvvvvvevieeiiieriienienieniecieeie e 231
11.6  Architecture Validation ...........cocceeiiiiiiiiiiiiiie et 236
11.7 Differences from Single-System Engineering............cccecvevvvevrierverirencveesreerieennnens 238
T1.8  SUMIMATY ..eiiuiiiiiiiieiieeiee ettt ettt ettt ettt st e e sate e s bt e e eateesabeesbteeenseeeneeenns 239
12 Domain Realisation 241
L2 B 13 (T LT ()3 TSRS S 242
12.2  Traditional Realisation ACHVITIES.......ccccvieeiirriierieerieesieenie e sreereeieeseeseeesseeseeens 244
12.3  RealiSing INterfaces ......c.eeeiiiiieieeiieiiee et 245
12.4 Realising Variable COMPONENLS........cc.eeeviireririeeiiieniieerieesreeereeesireesseeeseneesveeens 248
12.5 Binding Time of Variability ..........cccccvieiieiiirieiie e sie e eseesee e eeee e 250
12.6 Realising Configurability ..........ccoeeiriiierierienieeie et ens 253
12.7 Differences from Single-System Engineering..........c.ccocveevveercreeevivrencreeenveesneenns 255
12,8 SUITIMATY .oeeviieiieeiiee et et e eee et e ebeeeteeeseteeeeeeessseesnseeasseeesssaesnsseessseesnseesnsseennses 255
13 Domain Testing 257

) B I N '6U s (oY 13115 (e} o NN 258



XXIV Contents

13.2  SOFtWAIE TESHINE.....ccvieiieiieiierieerteeieete et ete et e st e setesebeenseessaesseessaessnesssesnsenns 262

13.3 Domain Testing and Application Testing..........ccceeveeeierirrriieniiereereesee e 266

13.4 Testing Variability at Different Test Levels.......ccccoociereiiieciiiiiciieiie e, 267

13.5 Criteria for Product Line Test Strate@ies.......ccervvrecuercrrecrierrienriesreesreeseeseesenesenenns 270

13.6  Product Line Test Strat@@Ies.......ccccuerveriurerieerieerieesiiesierresereeseeseesseessaessaessnesnenns 271

137 Domain Test ACHVITIES ...cccueertierierieiieeieeite ettt ettt e sbee st e saae e eas 281

13.8 Differences from Single-System Engineering............ccecvevevvevrievreenieneesvesvesneans 283

13,9 SUIMMATY .oeouiiieiiiieeiieeetee ettt et e ettt e sb e et e e tteesabee e sbeesabeesnbeeeenseesabeeennes 284

14 Selecting High-Level COTS Components 285
T4 1 INErOAUCIION ..ottt ettt b e sttt e beesbeesbeesaeesateens 286

14.2  The COVAR PIOCESS ....ccuertirieiiriiiienieeitetett ettt sttt sttt 288

14.3 Differences from Single-System Engineering............ccocevuieviieieenieeneenienieenens 300

T4 4 SUIMMATY ..eovviiiiiieeiiieeieeeite et e et e estveeeteeesteeessbeeessaeessaesssseesseessseesssseenssesessesannns 301
Part IV Application Engineering 303
15 Application Requirements Engineering 307
I5.1  INErOQUCLION ..ottt ettt ettt e bttt et e e e e sbeesaeesaaeenneeas 308

15.2 Application Requirements Engineering ACtiVIties ........cccceevveerveeeiiieerreeecreeenneenns 312

15.3 Communication of the Product Line Variability ............cccccvevvevierienienienieenens 315

15.4 Analysis of Requirements DEItas ..........ccecvvevuierienienienienieeieeieeieesee e sene e 318

15.5 Documentation of the Application Requirements ..............cccecveveeneenenniieninnnnnns 326

15.6 Differences from Single-System Engineering............ccoccvevveeeiievieeneeneesvesvesneans 328

I5.7  SUIMIMATY .oeouiiiiiiiieeiieeeiee ettt ettt et e et te e st e e teeesbteeeabee s sbeesabeesnseeeenseesaseeennns 329

16 Application Design 331
16.1  INErOAUCLION ..ottt ettt ettt st ettt et e sbe e s bt e satesaeeens 332

16.2 Development of the Application ArchiteCture ...........ccoecvveerierriereereeneesreeveenneens 334

16.3 Feedback of Application Artefacts to the Domain ...........ccceeeeeveeneenenniceniennnnns 340

16.4  Effort and Cost Of VAriants ........ccoceeueiiiiieiiienienie ettt 341

16.5 Differences from Single-System Engineering............ccoccveveveeviievreeneeneeseesnenneans 342

L N 11011021 o TSRS 343

17 Application Realisation 345
7 B U1 13 (o4 L T2 (o) o TSR 346

17.2  CONTIGUIATION ...teeuiieiiieiiieieeie et rieesiteete e et e be et e seeessbesnsesnseenseeseessaessnessnennsenns 348

17.3 Realisation of Application-Specific COMPONENtS ...........coecueevueereeneereeriereeeeenns 350

17.4 Building the APPliCAtiOn ........c.ceeiiiiiiiieiie ettt erree e sveeerae e reeeaee e 351

17.5 Differences from Single-System Engineering............ccccvvvevieeieevieenieseeneesnenneans 353

L7.6 SUITIMATY ..ooutiiiiiiiiiiiieiiie ettt ettt e bt e sab e st e e bteesabee e bbe e sabeesabeeesabeesabeeeneee 354



Contents XXV

18 Application Testing 355
T B 13 (T LT ()3 SO SRPS 356

18.2 Domain Test Artefact REUSE ......cc.eeieviiiiiiieniiiieiete e 359

18.3 Tests Related to Variability........ccoooieriiiiiiiiiiieieeeeeeeee e 362

18.4 Testing Variability at Different Test Levels.......cccovieviinieniieniieeiieiieieeeeieeiens 364

18.5  Application TeSt COVETAZE .......ccvrrveerrieriiereerieeieeteeteeteesseessressressseenseeseenseesseens 365

18.6  Application Test ACHIVILIES....c.eereerierieriieeie ettt ettt ettt nbee e 367

18.7 Differences from Single-System Engineering..........c.cccccveeeveercveeeniieencreeenveesneenns 369

I18.8  SUIMIMATY .eeviieiiieiiie et ettt e et e et e e et e et ee e et e e steessteeassseesnsaesnsseessseesnseeesseennses 370
Part V Organisation Aspects 371
19 Organisation 375
19.1  INEOAUCHION ...ttt ettt b ettt ebeenbe e 376

19.2  Properties of Organisation StrUCLUIES...........ccvvereerirerrieerieerieesieseesresneereeseesseens 376

19.3 Basic Hierarchical Organisation StruCtUIes...........cccvevvereerieriieniveesieeieenieesieenenens 378

19.4 Matrix OrganiSation STIUCTUIES ........cceeruierierierieerieesteesteesteesieeseeeneeeeeeneeenseesseens 384

19.5 Detailed SIrUCUTE........eouieiiiieieieie ettt ettt ettt ees 389

19.6  Cross-Functional Teams............ccoeruieriiririeninieiesieetesteetee et 389

19.7  Organisation TREOTY .......cooiiiiiiiiiieeieee ettt 389

19.8 Differences from Single-System Engineering..........cccocveevveercreeenirencieeenveesneenns 391

19.9  SUIMIMATY .oeueviiiiieeiee ettt e e tee et e e sete e et e e ateessteeessaeesnsaesnsseensseesnseeenseennses 392

20 Transition Process 393
20.1  INEOAUCHION ..ottt ettt ettt et et e bt e st st eateeeeenbee s 394

20.2 Motivation and Business ODJECHIVES ........ccverviriieriieriierieeriierresresreereereesseeseeens 394

20.3  Transition StrAtCZICS......ccecveruerrerieeieeerieesieeseeseesreeseeseeseeseesseesseesssesssesssessseens 395
20.4 Benefits and Drawbacks of the Transition Strate@ies...........cccceevveererrieersieerieeneenne 398

20.5  COSEMOARL ...ttt ettt sttt et 400

20.6 Application of the Cost Model to the Transition Strategies ..........ccccoceeveerereeneene 402

20.7 Major Steps of @ Transition ProCeSS........cooeiiiiriieiieiieeesieeeeeee e 406

20.8  SUMIMATIY ..eeeviieieiieeciieeetieeiee et e etteestreesbeeeteeessbeeessaeesssaesssseessseessseessseesssessnsseenes 410
Part VI Experience and Future Research 411
21 Experiences with Software Product Line Engineering 413
211 ABB ettt ettt a et e re et e beenee s e 414

21.2  BO0CING COMPANY .....vviiieriieiiiieerieertieesteeesteeesreeesteeessseessseessseessseeessseesssseessseessseeans 415

21.3  CelsiusTech Systems AB ......c.cccieciieiiiiiiiiiesie sttt b e b e eseereens 416

21.4  Cummins INC. ....cooueiiiiiiiiiiieieee e st 417

2 DI § 15174 (11 o 16) 2 (TR 419



XXVI

Contents

21.6 LG Industrial Systems Co., Ltd......c..cccevvieriercinrirnirenne,
21.7 Lucent Technolo@ies .........c.ccceerierirniieiieeeneeeie e
21.8  MARKET MAKER Software AG.......ccoovevvvvvveiiiieeeennne
21,9 PhilIPS.cciiiiiiiieiieiteiesiecrs ettt
21.10 Robert Bosch GmbH ..........ccccoeviiiviiiiiiiiieceee e,
2111 Salion INC...eeveeiiiiiieiecceeeeee e

21.12 Siemens AG Medical Solutions HS IM

22 Future Research

22.1 Domain Specialisation...........ccceeceerieriieieeseeneenee e
222 QuAality ASSUIANCE .....eeeevveererieeiieesiieeereeeireesreeeaeeeeneenanens
22.3  Model-Driven Development...........c.ccceeeviereeneeneesreeneenn,
224 EVOIULION ...eeitiiieiiiieieiteee ettt
22.5 Multiple Product Lines.......c.ccccveveveeerieenrieeie e
22,6 TOOl SUPPOTL...cccvieiieiieriieeiieteereeiee e ere e ees
22.7 Process Improvement and Assessment............cccecveerveennenne.
22.8  ECONOIMICS ....veieviieiiiieeiieecieeciee ettt e eeiaeeeveeeane s

The Authors
References
Glossary

Index

2 O R =T 1 12 L
21.14 The National Reconnaissance Office ......ccooevvvvveeeeeeeeeeennnne.
21.15 The Naval Undersea Warfare Center ........oooeeeeveeeeeeeeeeennne.

445

457

461



2 Springer
http://www.springer.com/978-3-540-24372-4

Software Product Line Engineering
Foundations, Principles and Techniques
Pohl, K.; Bickle, G.; van der Linden, F..
2005, XX, 467 p., Hardcowver

ISBEN: @78-3-540-24372-4





