Rijksuniversiteit Groningen

Building Product Populations
with Software Components

Proefschrift

ter verkrijging van het doctoraat in de
Wiskunde en Natuurwetenschappen
aan de Rijksuniversiteit Groningen
op gezag van de
Rector Magnificus, dr. F. Zwarts,
in het openbaar te verdedigen op
vrijdag 3 december 2004
om 14.45 uur

door

Robbert Christiaan van Ommering
geboren op 25 september 1958
te Geldrop



Promotor . Prof.dr.ir. J. Bosch
Beoordelingscommissie @ Prof.dr. D. K. Hammer

Prof.dr. J. N. Magee
Prof.dr. J. C. van Vliet

ISBN 90-74445-64-0



Table of Contents

Chapter 1
11
1.2
13
14
15
1.6
1.7

Chapter 2
2.1
2.2
2.3
2.4
25
2.6

Chapter 3
31
3.2
33
34
35
3.6

Chapter 4
4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8

Chapter 5
5.1
5.2
53
5.4
55
5.6
5.7

gL A oo (U Tt o] o 1SS 1
The Problem......ce e 1
A BUSINESS PErSPECLIVE. .....ccviiticeecteceese ettt st 2
Technology TIENAS........cccveie e 3
Research QUESLIONS.........ccuiiiieece e e 5
Way OF WOTKING ...t 7
BT 0= =SSR 9
Overview of thiSTRESIS.......ccceviiece e 10
Formalizing Software ArChiteCture.........ccceoeeineneneseeeeee 13
[F L0 [N o1 o o PSSR 13
Formalizing and V erifying Software Architecture............cccccccveueenee.e. 14
The EXPression LangUagE..........ccuvrerererierieneeieeesesiesie s 15
The Graph LangUAaGE. .........cceceeiieiieiee e se ettt 18
The Dialogue LangUagE.........ccecueiuieieeieseesie ettt 22
Concluding REMAIKS........ccoiirieieieiresese s 26
TheKoala Component Modél ... 29
[F L0 [N o1 o o TSRS 29
The ChalleNge......ccueeeceee e 30
The KoalaMOGE .........cccocviiieee e 32
Handling DIVErSItY .......cceoiiiiciese et 36
Coping With EVOIULION.........cccueiiiece et 41
ConCluding REMAIKS........ccoriieieieirese s 42
Independent DEPlOYMENT ........ccccveriririieeeeeee e 43
INEFOTUCTION.....eeteiesieeie ettt 43
Independent DEPIOYMENT .........ccviriririreee e 45
Upward CompatiDility .........ccceoirireninirieeeesese e 48
Downward CompatibDility.........ccccoeieeieiiiieececeece e 51
= o1 1 TS 53
POFEDITITY ... 56
The Quality DIlEemMMaL ......cccceieeeiice e 59
Concluding REMAIKS.........ccvieeiiieciese et s 60
From Variation to COMPOSItiON........ccceeeerereeinsenieseseeee e 63
1100 [UTox 1 o o S 63
Why Use Software Product LiNES?.........coeiiveevevece e 65
The Influence of Scope on Software Product Lines...........cccevvvennee. 67
The Dimensions of Variation and COmposition ..........c.cceeverereeennene 72
Variation Further EXplaingd ..o 75
Composition Further EXplaingd...........cccoeeiiieieiinieece e 78

Concluding REMAIKS........ccoiiiieieieirese s 81



Table of Contents

Chapter 6 Configuration Management ..........ccccocveveveeieeveceece e e 83
G300 A 1 0o o (U Tox i o] o 1SS 83
6.2  Product Family and POPUIELION..........cccoeererieeeinincsese e 84
6.3  Technical CONCEPLS.......cceeieiiiieecie ettt et s sre e nre 84
6.4  Configuration Management ..........cccceeeeveeieneseeie et 86
6.5  Concluding REMAIKS.........ccueiiiriiiiesieseree e 20
Chapter 7 Building Product POpulations............ccccuverereneinenenenesesieeeeens 91
7% N 1 0o o [FTox i o] o 1SS 91
7.2 BUSINESS....oiiiiuiiiiiiesteste e see e ee e ssesteste st s e seesessesaestesaenseneeneeneans 92
A T AN (o 11 (= ox (U = S OS 95
7.4  DevelOPMENTt PrOCESS.......ccovciiiieeiecie sttt et 102
FASTIN® (o7 o - (oo IO SRS 109
7.6  Experiences and Related WOrK..........ccocooereieininenineneeseeeeees 111
7.7  Concluding REMAIKS.........couiiriririresesesee e 113
Chapter 8 Horizontal CommuniCation..........cccceeveeveiieecese e 115
S I R 1 01 (o (1 (o) o S 115
8.2  Component Technology and ArchiteCture...........ccceoverererenieneeene 117
8.3  The Control Problem.........ccooeeerenisesesere e 121
8.4  Horizontal COMMUNICALION........cccevreeerierererieeeeeeeese e 126
8.5  Introducing the ProtoCol ..........ccoeirenininineeeeses s 138
N ST o 1= (=00 TSR 142
8.7  REBEUWOIK ..ottt 146
8.8  Concluding REMAIKS.........ccorueieieirinirie s 148
Chapter 9 Validation and FUtUr@ WOrK .......cccceeeeviiieeienc e 151
(&2 A 1 0o o [FTox i o] o 1SS PSS 151
9.2  Explicit Software ArchiteCtures..........cecevvveereniceese e 152
9.3  Familiesand POPUIELioNS..........ccccueveiieeeeseseee e 153
9.4 ReSOUICE CONSLIAINES .....ouveueeieeiieiesie e sie e see e s enas 156
95  Processand OrganiZation...........ccceeeeeieeeesiecieesiesreeeesre e eee e enas 157
0.6 Other EVIAENCE.......oci ettt 158
9.7  KoalaDesign Patterns..........cccoeeieieiiece st 159
9.8  TheFuture Of Koal@.......ccooeeeiriniceseseseee e 161
LS XS TR @0 0! 111 Lo o 162
Appendix A TheKoalaLanguUage .........cccecvreeverienieneseeseseeeesesee e sesae e 165
N R ©0 o> o T 165
A2 LEXICAl SYNLBX ..ocveceeecieciiciicie ettt st e e et s nre 166
A.3 Thelnterface Definition LANQUAGE........c.ccoereereeerereneniesiesiesee e 167
A.4  The Component Definition Language...........ccoceevveeveeieneeseceeceennns 171
A5 TheDataType Definition Language .........cccccoeeveveeveeienieseceeciennens 188
A6 Naming CONVENTIONS .......ccoeieiririerieriesiesie e 190
A7 CONSE-Free SEMANLICS ....cccvvivieeece et e 193
A8  Concluding REMArKS.......cccciiiiiiiiese et 200



Table of Contents iii

LiSt Of REFEIBNCES ..ot 201
Brief Glossary Of TEIMS......cci et 209
SuMMary of tNISTRESIS.........cciiiiee e 213
100 1= 1)Y= LA A1 o [ 215

ACKNOWIEAGEMENTS... ..ottt st s sr e st ennenre s 217






