Contents

PartI Concepts and Notations

1

Programming Paradigms ........................
1.1 History of Increasing the Level of Abstraction....................
1.2 Object-Oriented Versus Other Programming Paradigms..........
Basic Principles of the Object-Oriented Paradigm .....................
2.1 ADSIIACHION ... et eei et
2.2 Encapsulation .......... ..o
2.3 MoOdUIATILY ...
Object-Oriented Concepts and Their UML Notation ..................
3.1 ODJECE. . .ttt et
3.2 L T T
33 ATIIDULES ...t
34 OPEIationS ...ttt ettt e e
3.5 POlymoOrphisSm. .. ...
3.6 Interfaces .......cooiiiii i
3.7 COMPONENLS ...ttt ettt e e e
3.8 PaCKageS . ..
3.9 Systems and SUbSYSEMS ......uvetiiiiiiiiiiiiiiiiiiiiieeeeeens
TR O 0 PP
TR I BN 1 (<] 37 0T PP
Relationships ...
4.1 N0 o3 15 10 )
4.2 AGETEGALION ...
4.3 COmMPOSILION . ...ttt
4.4 Dependency ............uu
4.5 Generalization.............uuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieees
4.6 ADSIACE ClasSSeS . . .. u e

Xiii



Xiv

Contents

4.7 Abstract Classes Versus Interfaces ............ooovvvviiiiinnnnnn. 44
4.8 Realization ... 45
Use Cases and ACLOTS. ...........uuuuuniiiiiiiii i 47
5.1 o1 0] 1 P 47
5.2 USE a8 48
5.3 Extend Relationship ..........coooiiiiiiiiiiiiiiiiiiiiiiiiiiiiins 50
5.4 Include Relationship .........coooiiiiiiiiiiiiiiiiiiiiiiiiiiiiiaa 51
UML Diagrams ...........uuu e 53
6.1 The Use Case Diagram ..........cooooiiiiiiiiiiiiiiiiiiiiiiinnn. 53
6.2 Use Cases Versus Functional Decomposition ..................... 55
6.3 Interaction Diagrams. ...........ccooiiiiiiiiiiiiiiiiiiiiiiiiiiian, 56
6.3.1 Need for Interaction ............ccoevviiiiiiiiiiiinnnnnn 56

6.3.2 Sequence Diagrams .........ccoovviiiiiiiiiiiiiiiiiiinnn 58

6.3.3 Collaboration Diagrams ...........ccoovvvviiiiiiiinnnn... 59

6.3.4 Sequence Versus Collaboration Diagrams............... 61

6.4 Activity DIagrams ... 61
6.5 Statechart Diagrams ............c.ceviiiiiiiiiiiiiiiiiiinnns 63
Design Patterns .......... ... 67
7.1 A Short History of Design Patterns ................ccoovvuuinnnn. 67
7.2 Fundamental Design Patterns ................ccoooiiiiiiiiiiinn.. 68
7.2.1 The Delegation Pattern ............cccoeiiiiiinnnn. 68

7.3 Creational Patterns ..........c.c.vviiiiiiiiiiiiiiiiiiiiiiiiiiiiees 70
7.3.1 The Factory Method Pattern.................ccovvuunnn. 70

7.3.2 The Abstract Factory Pattern...................oouuaen 72

733 The Singleton Pattern.............ccoooeiiiiiiiiiinn. 74

7.4 Structural Patterns ...t 75
7.4.1 The Adaptor Pattern ...........coooeiiiiiiiiiiiinnnn. 75

7.4.2 The Proxy Pattern............coooiiiiiiiiiiiiiiiiinnnn 78

7.4.3 The Iterator Pattern ............cooeiiiiiiiiiiiiiiinnnn 79

7.4.4 The Fagade Pattern.............coooeiiiiiiiiiiiiiinnn. 82

7.5 Behavioral Patterns ...........ooooiiiiiiiiiiiiiiiiiiiiiii 84
7.5.1 The State Pattern ...........c.c.eeuuiiiiiiiinnnn 84

7.5.2 The Strategy Pattern ...........coooeiiiiiiiiiiiiiinnnn. 86

753 The Observer Pattern ...........coooiiiiinnnnn 89
EXEICiSes ... ....oiiti i 93
8.1 EXErCiSe I ... 93
8.2 (0 18 1T () s 98
8.3 EXEICISE 2 .. 99
8.4 L0 18 1T () s 103
8.5 EXOTCISE 3 .. 104
8.6 L0 18 1T () s 110
8.7 EXOTCISE 4 .. 112

8.8 (0 10 1T () s 117



Contents

10

8.9 EXOICISE 5 o
TR O O 1 1] () s P
The Object Constraint Language (OCL) ...............coooiiiiiiinn.
9.1 INtrodUCHION ... ...
9.2 The Design by Contract Approach............cccovvuunnnnnnnnn.
9.2.1 Preconditions and Postconditions .......................
9.2.2 TNVariants ........eeeeeiiii e
9.3 OCL Generalities ........uuuuerruerteiiiteieteeeeeeeeeeeeeeeeeeeeees
9.3.1 The Self Keyword..........ccoooviiiiiiiiiiiiiiiiinnnnn
9.3.2 The Basic Types and Operators ..............cc.ouevvnnnn.
9.3.3 The String TYPe ...vveeeiiiiiii i
9.3.4 The Boolean Type ........c.evviiiiiiiiiiiiiiiiiiiinnnnnns
9.3.5 The Integer and Real Types ........cc.oooiiiiiiiiininn.
9.3.6 The Model TYPesS ...vvvvriiiiiiiiiiiieeeens
9.4 Using OCL Within UML Models ...........ccooiiiiiiiiiiiinnn..
94.1 Using OCL to Navigate a UML Model.................
94.2 More on Collections ...........cvvvviiiiiiieiieeeieennnns
94.3 Examples of Invariants, Preconditions,
and Postconditions ...
9.5 OCL and Java .....uveiiiiiii e eeeeees
The Model-Driven Architecture Approach ..............................
10.1  Model-Driven Development............coovviiiiiiiiiiiiiinnnnnnn.
10.2 MVCPAEIN ..ottt eeeeees
10.3 MDA APPIOach ...vvviiiiiiiiiiiii e
104 MDA and UML ...t
10.5 MDA Transformations...........eeeeeeeiiiiiiieeeieeeeeeeeeeeeeeens
10.5.1  PIM to Java Transformation.............ccoevvvvvvennnn.
10.5.2  PIM to Relational Transformation ......................
10.6  Modeling Behavior in MDA...........cooiiiiiiiiiiiiiiiiiiiinns
10.7 MDA with Virtual Enterprise..........ccoeviiiiiiiiiiiiiniinnnnnnns
10.7.1  Basic CONCEPLS ..vvvvvveiiiiiiiiiiiiiiiiiiieeeeeeeeeens
10.7.2  The Persistence Layer ..........cocevvviiiiiiiiniiinnnnn.
10.8  The Online Student System ..........c.c.ccoviiiiiiiiiiiiiiiienniennns
10.8.1 TheUseCaseModel..........ccoevvviiiiiiiiiinniinnnnn.
10.8.2 TheUMLModel........ccoovviiiiiiiiiiiiiiiiinnnnns
10.8.3  Providing Objects with Behavior in Virtual
EnterpriSe. . ...uvuureiiiiii e
10.8.4  Developing Portals in Virtual Enterprise ...............

Part I Applications

11 The Kraalingen Approach to Crop Simulation .........................
11.1  System Requirements.................ccooiiiiiiiiiiiiiiiaan.
11.2  The Use Case Model..........couuuuinniiiiiiiiiiiiiiiiiiia

11.2.1  The Use Case Description..............c..coooeeveeann.

XV



XVi

12

13

Contents

1122 BasicFIow ....oooiiiiii 184

11.23  Alternate Flow ... 185

11.2.4  PreconditionS...........ceeviiiiiiiieeiiiiiiiennnnnns 185

11.2.5  Postconditions..........cceevviiiiiieeeiiiiiiiieennnnnnnns 185

11.3  The Use Case Realization ...........cccovviiiiiiiiiiiiiiiieeeennn. 186

11.3.1  Sequence Diagram for the Use Case.................... 186

11.3.2  Collaboration Diagram for the Use Case ............... 188

11.4  Conceptual Models .........cooviiiiiiiiiiiiiiiiiiii e, 190

11.4.1  Conceptual Model for the Kraalingen Approach ...... 191

11.5  Discover Potential Classes...........cceevviiiiiiieiiniiieeeennnn. 193

11.5.1  Boundary Classes ........coovvuuiieeeeiiiiiiieeeennnnns 193

11.52  Control Classes ........ceeevviiiiieeeiiiiiiiieeennnnnns 195

11.53  Entity Classes «.ooouuveieeeiiiiee e 196

11.6  Class Diagram for the Kraalingen Approach...................... 197

11.7  Critique of the Kraalingen Class Diagram ........................ 202

11.7.1  Communication Boundary Control ..................... 202

11.7.2  Communication Control-Entity ......................... 204

11.7.3  Communication Entity-Entity ........................... 205

11.8  Final Class Diagram for the Kraalingen Approach................ 208

11.9  The Benefits of Using Interfaces ...............ccceviiiiiiiian. 209

11.10 Implementation of the Kraalingen Model inJava ................. 209

11.10.1 Interface IPIant..........ccoooiiiiiiiiiiiiiiiin i 210

11.10.2 Interface ISoil .........cooeiiiiiiiiii s 212

11.10.3 Interface IWeather ...............ccoiiiiiiiiiiiiiiinn, 214

11.10.4 Class WeatherDataFromFile ............................ 215

11.10.5 Class WeatherDataFromStation ......................... 221

11.10.6 Interface ISimulator...............ccooviiiiiiiiiiiinnn. 224

11.10.7 Packaging the Application...............oooeeeeviiinnnn. 227

The Plug and Play Architecture.........................oo i, 229

12,1 Definition . ...vvveeeei e 229

122 Implementation ...........ceeeiiuniieeeenmiiieeeinieeeenn. 230

123 Reflection.......cooviiniiiiiiiiii i 231

12.4  The Plug and Play SimulationController .......................... 232

12.5  Testing Unit for a Class/Component ............cccoovvuiieeeennn.. 234
Soil Water-Balance and Irrigation-Scheduling Models: A

Case StUAY ... s 239

13.1  Introduction ..........oeeeiiiiniii it 239

13.2  Conceptual Models: Examples ...........ccoeviiiiiiiiiiinnnnn. 240

13.3  Template for Developing New Models ..............ccoevviiinn 242

13.4  Analysis of a Water-Balance Model ................ccooeiiinnn 244

13.5  Analysis of an Irrigation-Scheduling Model....................... 246

13.6  The Benefits of a General Template...............ccoeeeviiviinn. 249



Contents xvil
14 Distributed Models ............ ... 251
141 INtroduction .............ueeeeiiiiiii et 251

14.2  Common Object Request Broker Architecture .................... 252
14.2.1  The Interface Definition Language...................... 253

14.2.2  The Object Request Broker...................oooeinn 254

1423  Interface Adaptors ..........oooeiieiiiiiiiiiiennnnnn. 256

1424 A CORBA Soil Server..........ccceeviiiiiiiiiinnnnn. 256

1425 A Simple CORBAClient...........cccovvviiiiieeeenannn 260

143 The Remote Method Invocation..............cceevviiiiieeennn, 261
143.1 AnRMISoil Server.........ooooiiiiiiiiiiiiiiiiiiin. 264

1432 A Simple RMIClient............ccooviiiiiiiiiiiiiinn. 266

14.4  Distributed Crop Simulation Model.......................ooooa. 267

15 MDA withOlivaNova..........coooiiiiiiiiiiiiiiiiciees 273
151  The OO-Method .........oovuiiiiiiiiiii e 273

152  Conceptual Model ... 274

153  The MDA-Based Kraalingen Model .......................oooo... 275

154  Providing Objects with Behavior...............ooooiiiiiiiiiinnnn. 277

15.5 Debugging and Evaluating a Conceptual Diagram................ 281

15,6 Code GeNeration ................uuuunnnnnniiiiinnns 283

1O  ADSWELS ...ttt e 287
16.1  Answersto EXercise 1 .......cccviiiiiiiiiiiiiiiiiiiiiiiiiiiiinnnns 287

16.2 AnswerstoO EXercise 2 ......ovvviiiiiiiiiiiiiiiiiiiiiienenns 288

163 Answersto EXercise 3 ......oovviiiiiiiiiiiiiiiiiiiiiiiiiiiieeens 289

16,4  AnswerstoO EXercise 4 .........oviiiiiiiiiiiiiiiiiiiiiiiiiennns 290

16.5 Answersto EXercise 5 ......ovvviiiiiiiiiiiiiiiiiiiiiiiiiiiiennns 291
GlOSSATY ...t 293
References. ............ooiiiiii 297



2 Springer
http://www.springer.com/978-1-4899-7462-4

Software Engineering Techniques Applied to
Agricultural Systems

An Object-Oriented and UML Approach
Papajorgji, P.J.: Pardalos, P.

2014, XV, 301 p. 239 illus., 89 illus. in color.,
Hardcover

ISBM: 978-1-4895-7462-4



	Contents

