Table of Contents

Table of Contents

1 INtrodUCLION ..o s 1
1.1 MOIVELION .t 1
1.2 Mapping Between Software Representations...........c.ccceoeecevnmnceenne 2

1.2.1 The Mapping Problem ........ccoovrveeiiirirrenreeeeeee e, 3
1.2.2 Object Technology and the Mapping Problem..................... 5
1.2.3 Refinement vs. Translation.........cccccveceerrcerrcnnsennienccenenenn 7
1.2.4 Object-Oriented Model Implementation.............cccooercereneenn. 9
1.2.5 Benefits....ccovcieriieieerieee et 12
1.2.6 Experimental Validation ............ccccocvviveceeciiecsinceenicnnn, 13
1.2.7 Thesis Goals and Research Hypotheses...........cccooeevvncnneee 13
1.3 SEUCTUIE ...ttt ce e e e s 14

2 Mapping between Object-Oriented Software Representations.. 17

2.1 Object-Oriented Software Representations.............cccocveereeenruenne. 17
2.1.1 Obiject-Oriented Modeling Notations ..........cccccccccervecrennn. 17
2.1.2 Object-Oriented Languages ..........ccerveereeeriernecrcneerseenen 19

2.2 Relationships between Object-Oriented Software Representations 20
2.2.1 Object-Oriented Methods ..........ccccceevviiviiviinciencin e 21
2.2.2 Metamodeling Approaches........ccocceeecvvereiveecesieneeenecne 24
2.2.3 Patlerns......ooi it e 26
2.2.4 Reverse ENGiNEeNNgG.......cccceeveercerrvieresneerereesseeesseessnnsssesns 27
2.2.5 CASETOOIS ..ciictireeieerirerirrseescercesteseereessesseesseesessessnensanes 28
2.2.6 Refinement Approaches..............ccecmrnrrnrrrenieenisicessennens 29
2.2.7 Program Comprehension and Verification..........ccccccoeeene. 31
2.2.8 ANAYSIS ....ooeiieiiirereeire e s esssee st aeserreeen 34

2.3 Systematic Mapping of Models to Code........c..cccovvuemrreerirircereennnn. 35
2.3.1 'Refinement vs. Translation' in Software Development...... 35
2.3.2 Proposed SOIULION........ccuieeiiierenerieereeesees e 38

3 Patterns ... e s e e aee 41
3.1 Patterns in Software Development...........cccceeciiirecveeriveveenviennne 41
3.2 Design Patterns and Object-Technology.........cceeeveericeriinnicensencnne, 43
3.3 Supporting Refinement and Translation by Patterns..................... 45

3.3.17 Refinement Patterns .........ccoceeevirriviceveeniennerrees e 46
3.3.2 Translation Patterns ..........ccccevveiiiieeieivneesceeeess e seee e 51

3.4 Pattern Catalog.....cc.ccorveecrrrnrerrrerieeseesiaeescesrecernsee e e sre s sneens 55

3.5 SUMMANY....ciiiiitiieiieerecrterrrctessenirrrssteeserbeeseessrnaeesansasessaesssssessnne 58

4 Implementation Level Modeling .............cccocccveerricnenncenciicncns 59
TN I 1 oo 18Tt (T I USSR 59
4.2 Theoretical FrameworK .........cccvoveevinervernveeneecesessrasseesesseceseeneenns 61

4.2.1 Implementation Elements ...........cccereiieriviniininenvcneennn 62
4.2.2 BasiC STIUCKUIE......coiverririrereeeniees st cee st eeeerreeseesesseea s 63
Bibliografische Informationen E H

digitalisiert durch 1

http://d-nb.info/961215348 BLIOT LE


http://d-nb.info/961215348

Table of Contents

4.2.3 Affected Diagrams......ccovevrirvrerccrvereennrienesseereesseneesesseeens 64
4.3 The impiementation-Set Meta-Model.........c.cccccevvvveeiinivennevecieenne 66
4.3.1 Definition of Modeling Languages ............ccceceerveirnrenenenn 66
4.3.2 Metamodel General Structure .........ccceveevieerceerecieesnenenne 68
4.3.3 SEMANTICS -.eevrvrrriciieieeeererecrer e e eeresrnter s e ee s e mnressnaaeeen s 69
4.4 Applying an implementation set .........coccceiviiiceeies e 70
4.5 Adapting an Implementation Set .........c..ccovirvirirrceccrecrnrrnenneens 71
4.6 SUMMANY .ccovvniiireiriiiniiirriierietiesestsessssassseeseesssasssnsanseenseenssssnannnsensse 72
The Normal Object FOrm...........cccooiiiiiiii it en e 73
5.1 The CommMON COTe......ovcveircreerrireresreeesreesisessasesseresssnesssassanes 73
5.2 The Normal Object Form - Modeling Elements..........cccccveecunennne. 76
5.2.1 Class Diagrams .......c.ccovrceermrenriircerieecersseessersreerseessnessseeos 76
5.2.2 Object Diagrams ........ccccvveeiiieerireienienisresee e sseeeseseeseseeenne 80
5.2.3 Implementation Diagrams..........ccccercmenmnniinecnsienniensnnne. 83
5.3 EXAMPIE .oiieiciecie et ecie st seecesiee s nec e casesnenreensesanenaanasseeans 83
5.4 The Normal! Object Form - Meta-Model..........cccococvvcverrccenenennenne. 85
5.4.1 Top-Level Packages........ccccccvrvircevreivinneneresecnnressnnnenaessne 86
5.4.2 Foundation Packages ........cccceerrrcercececnnnniussieenaenssresssenns 86
5.4.3 C0Ore Package.......c.c.ecceeeirannersensneessssnessrseesssssmeessavaaaseesee 87
5.4.4 Data Types Package ........cccccvvirveeirvcrnnierecinsneesseesseenaesnnes 88
5.4.5 Extension Mechanisms Package ........cc.ccovvesvivieiennnsnensncns 89
5.4.6 Common Behavior Package ........ccccoiveivmiieniiienrcneencieennns 89
5.4.7 SEMANLICS ..uvveereeecicereeeereeccnrrrre e eesersssareesssrananneneseasseses 90
5.5 Pattern TeChNOlOgY.....ccccceevecvieeriiieir e cererrerieeeseeesssreeeseeeaeassenen 92
5.6 Adapting the NOF .....c.ooeiiiciertene e senneeas 92
5.7 SUMMANY ..coiiiiiiieirirtriereee s e sseesaeseassneranaessesnnresesassessannanneeese 93
Software Development with the SORT Approach......................... 95
6.1 The SORT PrOCESS . .vveeeieeeeereeeitnireesseeesssnersssasescssnerssnannsssennne 95
6.1.1 Adaptation ........cccoecccviriiiiree e e 97
6.1.2 Refinement ... 103
6.1.3 Translation.......covecceeieccvree et s 111
6.1.4 COMPIELION.....ciiiieieccccientrer e e ssseaee e rer e s s anae s 115
6.1.5 VerifiCation .........ceciiireriicrienieiee e cee e e s srae s 117
6.1.6 Process SUMMATY .....ccerrercennineneie e ssts s rere e 127
6.2 Applying SORT in OO-Development Methodologies................... 128
6.2.1 KobrA-Method .........cccocovviiiiiiiniienrececee e 128
6.2.2 Unified Process ........cccceevieriinemrcieeesesisresssesseeessseneesanens 130
B.3 SUMMAIY .. .ceiiiceeiectireeee e e eccentvreesee s seonessessssnneness sornsrannnennanens 132
SORT TOOl SUPPOIL.............oceeeeerecireeeete et e 133
7.1 INrOdUCHION ..coieiiiiiieerire et rae e ssn e s s 133
7.2 SORT and CASE TOOIS ......cutreeireir et s 134
7.2.1 SORT TOOl SUPPOM....cccuiiiiireeeerertereetee e see e s e e e 134
7.2.2 XM oot ceteeeeerneste e st esre s resnsnesseesn e saneasnes 137
7.2.3 SUMMATY wcooceeiiiiieeiie e sersciee e e e e sreesanense e s eseesnnesesnasane 138
7.3 SORT and Verification - The CRT-Prototype.......ccccecvvvrmrninencnnnn. 138
7.3.7 OVEIVIEW ....eeveiiiiieeeecciae s erineerscne e e s s veesinnaseseaeeesasbnaansanen 138



Table of Contents

7.3.2 Technical Details......c..ccoeeeeiriecerieccceeee e e 140

7.3.3 Applying the CRT Prototype........ccceeeeveeecenneereeeesecennns 142

8 Experimental Validation................ccccoevvrrievvinviinenninnrsnsniencens 145
8.1 Description of the EXperiment ............ccccvvveeeeevnveeeseeinscesecnnen, 145
8.1.1 Hypotheses........c.cocvecverrieriecirceerec e e see s reresvrsenesaeeas 147

8.1.2 SUDJECES....uiii e 147

8.1.3 Materials ..c.covreeeeieece et e e e 149

8.1.4 Experimental TSKS ......ccceeveereerrveeeiieeriesreesreevennnescerseenses 150

8.1.5 ProCeaUIe....cicciiieiccee ettt ettt 151

8.1.6 DESIGN ..coviiiircierrcccere e e e 151

8.1.7 Dependent Variables and their Collection ....................... 152

8.1.8 Data ANalYsis......cccovevreeeerieeeieee e 153

8.2 RESUIS ....eiieiieieeciterie ettt te e aee e e e e sne e ae e san e e e 154
8.2.1 Anomaliesinthe Data ........cccccccveevreevecerncrcencrceerceeen, 155

8.2.2 HT ottt e 155

8.2.3 H2Z ..ottt 156

8.2.4 AnalySis SUMMANY ....coovoriiieriiniiesrreneessreeeiesssseeeseesnseasaes 158

8.3 Threats to Validity .....c.cveovvveremrierecececerec et e 158
8.3.1 Construct Validity .......ccecevimvriniecieene e ereeena 158

8.3.2 Internal Validity.......ccoeevuerieeeiiiiieieeie e et 159

8.3.3 External Validity........cccoccevrieirvieniiii et 160

8.4 SUMMANY....cooiiiiiriiirtiiiiniersr e cres e snese e resseaesersnesseessesseesnones 161

9 Summary and Conclusions................cccooviiiennnnnn e 163
TO REFEIENCES ..ottt s ettt e e e renes 167
Appendix AINOF Elements ................cccovvviiniineeneeceeneree e ceeeereene s 175
A1 NOF - General StruCTUre .......cceeceecer e 176
A.2 Modeling Elements..........coocriieierieeiiecieesneecree s 177
A.2.1 Structure Diagrams.........ceeccceveveeveneisveessrnenseneeesnssneeseneens 177

A.2.2 Implementation Diagrams.........ccccevveersrerceeenseeneneeseeenne 207

A.3 CONSHTAINTS. ...coiiierececirierr e st st ese s e se e e e san e 215
A.3.1 Structure DiagramiS........cceeeeeervieriiieecrerrereererseeesaeseseeans 215

A.3.2 Implementation Diagrams...........cccceeevvererieecnieennnverennnns 228

A.4 NOF-Metamodel.........cccoceeviiiiiniiesccie et 230
Appendix B:Refinement Patterns.................ccoocevvivencniincncciieceenns 243
B.1 Background.......cccoveiiimiiieiiciereieieee e e eeeessee e e 244
B.2 Refinement Patterns  ......occoociiieieireeerecee e 247
B.3 Refinement Pattern Catalogue.............cccoecueeciviicenciinienccienneen, 329
B.4 Pattern SUMMANY........cccceirvirieiiireecritesiesscve s s srseee s neseesen s 331
Appendix C:Translation Patterns (NOF t0 C+4) .....ocoevvnviveerreennen. 335
C.1 Background........ccueucvieeriniiinieeeirece s s e svee st sse st sne e raesnn s 335
C.2 Translation Patterns........cccccuecuireiereeirreireeeee e eeee e seee s 338
C.3 Translation Pattern Catalogue ...........cecveeveeevrrerecennricecnnnnennens 392
C.4 Pattern SUMMANY......ccccoiiiiiiieniirccrteeeeceeseeereeesses e sveaesevaesveees 393



Table of Contents

Appendix D:Experimental Materials.............c....cccoovvnriieieicniniennenns 395
D.1 Experimental SYStemS ......cceevvirveiriiceererrreeirirereseresemeneeeeeneneeas 395
D.1.1 The Undercut SYStem .........cocveirvemnireiirecsreeecreneneeaeaneees 395

D.1.2 The Breakout System [LT97].......cccovervmimnrerireescencnnannenee 431

D2 TaSKS ..euteirciieiiiiiee et tet e et s te s sste et e s r e st e et se s e e e re e aneaen 455
D.2.1 The Undercut SyStem .........ccceeeeeevrercrienenneesseessverseesaneenns 455

D.2.2 The Breakout System .........cceecvenrccriveeiiieesncecensenneneenens 458
Lebenslauf ... e 463

Vi



