2

Contents

List of Figur es

Abstract

Declaration

Copyright Notice

Acknowledgements

Preface

Part I: Backgr ound

Chapter 1: Intr oduction

1.1 Code Generation and Code Understanding 1.2 Understanding Constraints on Information Models

1.2.1 Information Modelling

1.2.1.1 A Simple EXPRESS Model 1.2.1.2 A More Complicated EXPRESS Model 1.2.2 The Role of Constraints 1.2.3 Understanding the Comparative Semantics of the Constraints on Two Models

1.3 Schema-to-Schema Mapping

1.3.1 Structural Mapping 1.3.2 The Problem of Constraints in Schema-to-Schema Mapping

1.4 Case-Based Reasoning 1.5 Aims and Objectives 1.6 Thesis Overview

10 14 15 16 17 18 19 20 21 22 22 23 24 27 29 31 32 33 38 40 41

CONTENTS 3

Chapter 2: Code Understanding and Generation

2.1 Code Generation (Forward Engineering) 2.2 Code Understanding (Reverse Engineering)

2.2.1 Some Models for Representing Code 2.2.2 Recognition of Clichés 2.2.3 Understanding the Architecture of Large Software Systems

2.3 Reengineering

2.3.1 Program Segmentation and Slicing

2.4 Software Reuse

Chapter 3: Case-Based Reasoning

3.1 Case Representation

3.1.1 What is a Case? 3.1.2 What’s in a Case?

3.2 Case Retrieval

3.2.1 Indexing 3.2.2 Case Library Organisation, and Retrieval Algorithms 3.2.2.1 Linear Case Library Organisation 3.2.2.2 Hierarchical Case Library Organisation 3.2.2.3 Other Ways to Organise a Case Library 3.2.3 Matching and Selection

3.3 Using the Retrieved Cases: Adaptation and Repair

3.3.1 Identifying What Adaptation is Needed 3.3.2 Methods and Strategies for Performing Adaptation

3.4 Advantages and Disadvantages of CBR

3.4.1 Advantages and Disadvantages of CBR in General 3.4.2 The Applicability of CBR to Code Generation and Understanding

43 43 48 49 50 56 60 62 67

71 72 72 75 76 77 80 80 81 86 88 91 91 92 97 98 102

Part II: A System for Understanding Constraints

Chapter 4: Ar chitectur e of the System

4.1 Top-Level Architecture 4.2 CBR Architecture (for Extraction)

Chapter 5: The Frame System

5.1 Introduction to Frames 5.2 The Frame Class Language (EXPRESS) 5.3 The Frame Instance Language (FIL)

5.3.1 Aggregation Slot Fillers in FIL 5.3.2 Enumeration Slot Fillers in FIL 5.3.3 Defined Type Slot Fillers in FIL 5.3.4 Subtype Instances in FIL 5.3.5 Inverse Slot Fillers in FIL 5.3.6 FIL Grammar

Chapter 6: The Frames in the Constraint-Understanding System

6.1 Frames to Represent EXPRESS Models 6.2 Frames to Represent Higher-Level Constraints 6.3 Frames to Represent Cases 6.4 Identifying Higher-Level Constraints

Chapter 7: Results and Conclusions

7.1 Thesis Summary 7.2 Experimental Results 7.3 Conclusions 7.4 Future Work

107 108 109 111

114 114 115 118 121 121 121 123 124 127

130 130 133 138 145

148 148 152 155 157

7.5 Afterword

References

Appendix A: Frame Class Models

A.1 Frame Class Model of EXPRESS Models A.2 Frame Class Model of Higher-Level Constraints A.3 Frame Class Model of Cases

Appendix B: An Ontology of Higher -Level Constraints

B.1 ‘Exactly One’ Constraints B.2 Bound and Range Constraints B.3 Equations B.4 Existence Constraints B.5 The Conjunction HLC Revisited B.6 Summary

Appendix C: The Case Library

C.1 Case for Extracting the conjunction HLC C.2 Cases for Extracting the bound HLC

C.2.1 Lower Inclusive Discrete Bound from ?variable >= ?limit C.2.2 Lower Inclusive Discrete Bound from ?limit <= ?variable C.2.3 Lower Exclusive Discrete Bound from ?variable > ?limit C.2.4 Lower Exclusive Discrete Bound from ?limit < ?variable C.2.5 Upper Inclusive Discrete Bound from ?variable <= ?limit C.2.6 Upper Inclusive Discrete Bound from ?limit >= ?variable C.2.7 Upper Exclusive Discrete Bound from ?variable < ?limit C.2.8 Upper Exclusive Discrete Bound from ?limit > ?variable C.2.9 Lower Inclusive Continuous Bound from ?variable >= ?limit

160

161

170 170 182 185

187 188 195 199 204 209 210

212 212 213

213

214 215 216 217 218 219 220 221

CONTENTS 6

C.2.10 Lower Inclusive Continuous Bound from ?limit <= ?variable C.2.11 Lower Exclusive Continuous Bound from ?variable > ?limit C.2.12 Lower Exclusive Continous Bound from ?limit < ?variable C.2.13 Upper Inclusive Continuous Bound from from ?variable <= ?limit C.2.14 Upper Inclusive Continuous Bound from ?limit >= ?variable C.2.15 Upper Exclusive Continuous Bound from ?variable < ?limit C.2.16 Upper Exclusive Continuous Bound from ?limit > ?variable

C.3 Case for Extracting the range HLC C.4 Cases for Extracting the exactly_one HLC

C.4.1 exactly_one from an Enumeration Type Attribute C.4.2 exactly_one from a Select Type Attribute C.4.3 exactly_one from a ONEOF Supertype Expression

C.5 Cases for Extracting the at_most_one HLC

C.5.1 at_most_one from an Enumeration Type Attribute C.5.2 at_most_one from a Select Type Attribute C.5.3 at_most_one from a ONEOF Supertype Expression

C.6 Cases for Extracting the non_null HLC

C.6.1 non_null from a Mandatory Attribute C.6.2 non_null from the EXISTS Predicate

C.7 Cases for Extracting the zero_or_more HLC

C.7.1 zero_or_more from ?aggregate[0:?] C.7.2 zero_or_more from OPTIONAL ?aggregate[1:?]

C.8 Cases for Extracting the equation HLC

C.8.1 equation from a Domain Rule C.8.2 equation from a Derived Attribute

C.9 Cases for Extracting the adder HLC

C.9.1 adder from z = x + y C.9.2 adder from x = z - y

C.10 Cases for Extracting the multiplier HLC

C.10.1 multiplier from z = x * y C.10.2 multiplier from x = z / y

223 224 225 226 227 228 229 230 231 231 232 233 234 234 235 236 237 237 238 239 239 240 241 241 241 242 242 243 244 244 245

CONTENTS 7

Appendix D: Algorithmic Details

D.1 The Top-Level Extraction Algorithm

D.1.1 Navigating the Input EXPRESS Model D.1.2 Navigating HLCs Already Extracted D.1.3 Case Retrieval and Top-Level Control of Matching and Extraction

D.2 The Case Matching Algorithm

D.2.1 match D.2.2 matchFrames D.2.3 matchFillers

D.3 The Post-Match Extraction Algorithm

D.3.1 extract D.3.2 extractFrame D.3.3 extractFiller

Appendix E: Implementation

E.1 Not Choosing a Standard CBR Shell E.2 Implementing the Constraint-Understanding System in Java

E.2.1 The Choice of Programming Paradigm and Language E.2.1.1 Choosing Object-Oriented Programming as the Paradigm E.2.1.2 Choosing Java as the Language E.2.2 The Constraint-Understanding Java Program

E.3 Using ExJava to Parse EXPRESS Models E.4 Using JavaCC to Generate the FIL Parser

E.4.1 JavaCC Source Code for the FIL Parser

E.5 Generating HTML Frame Browsers

Appendix F: Example Run

F.1 The Course World Model F.2 The Output

F.2.1 adder Frames F.2.2 aggregation_type Frames

247 248 249 251 253 256 260 261 264 267 268 269 270

272 272 273 274 274 275 279 283 284 285 291

296 296 299 300 300

CONTENTS 8

F.2.3 at_most_one Frames F.2.4 binary_operation Frames F.2.5 bound Frames F.2.6 built_in_constant Frames F.2.7 built_in_function_call Frames F.2.8 conjunction Frames F.2.9 defined_type Frames F.2.10 derived_attribute Frames F.2.11 domain_rule Frames F.2.12 entity_type Frames F.2.13 equation Frames F.2.14 exactly_one Frames F.2.15 explicit_attribute Frames F.2.16 inverse_attribute Frames F.2.17 literal_expression Frames F.2.18 multiplier Frames F.2.19 non_null Frames F.2.20 oneof_expression Frames F.2.21 range Frames F.2.22 unique_rule Frames F.2.23 user_function_call Frames F.2.24 zero_or_more Frames

Appendix G: Futur e Work

G.1 Extending the Constraint-Understanding System G.2 Improving the CBR in the Constraint-Understanding System

G.2.1 Improving Case Retrieval G.2.2 Partial Matching and Adaptation G.2.3 Storing Networks of Higher-Level Constraints as Cases G.2.4 Case Retention and Deletion Heuristics

G.3 Comparing Constraints on Two Models

G.3.1 Inferring Correspondences between the Constraints on Two Models G.3.2 Assessing Semantic Equivalence between Corresponding Constraints

301 301 302 302 303 303 304 304 305 305 306 307 307 310 311 312 312 314 314 314 314 314

316 316 320 321 322 325 326 329 330 332

CONTENTS 9

G.3.3 Heuristics for Controlling the Extraction of Higher-Level Constraints

G.4 Applications of Comparative Understanding of Constraints

G.4.1 Transferring Constraints for Schema-to-Schema Mapping G.4.2 Other Applications

333 335 336 338