
An
Introduction

to
Database

Systems
Volume II

C. J. DATE
IBM Corporation

Technische Hochschule Darmstadt
FACHBEREICH INFORMATIK

B I B L 1 O T H E K
Inventar-Nr.:

Sachgebiete:

Standort:

TT ADDISON-WESLEY PUBLISHING COMPANY
Reading, Massachusetts • Menlo Park, California
London • Amsterdam • Don Mills, Ontario • Sydney



Contents

CHAPTER 1
RECOVERY

1.1 Introduction 1
1.2 Transactions 3

Messages 6
Transaction structure 8
Types of failure 9

1.3 Transaction Failures 9
Undoing changes 10
On-line log 11
UNDO logic 11
Long transactions 12
Log compression 13

1.4 System Failures .- 13
Redoing changes 16
REDO logic 16
Log write-ahead 16
System startup 17
Messages 18
A refinement of the checkpoint/recovery procedure 18

1.5 Media Failures 20
1.6 Two-Phase Commit 20
1.7 Data Manipulation Language Recovery Operations 24

SQL (System R) 24
DL/I (IMS) 25
DBTG 28
UDL 28



xii Contents

Exercises 29
References and Bibliography 30
Answers to Selected Exercises 32

CHAPTER 2
INTEGRITY

2.1 Introduction 35
2.2 Integrity Rules 36
2.3 Domain Integrity Rules 39
2.4 Relation Integrity Rules 44

Examples 48
Some comments '. 56

2.5 Fanset Integrity Constraints 58
2.6 Triggered Procedures 62
2.7 Some Existing Systems 64

SQL and System R 64
Query By Example 66
INGRES 66
IMS 68
DBTG : 69

Exercises 71
References and Bibliography 72
Answers to Selected Exercises 76

CHAPTER 3
CONCURRENCY

3.1 The Problem of Interference 83
3.2 Exclusive Locks 85
3.3 Serializability 88
3.4 Deadlock 90
3.5 The Lost Update Problem Revisited 93
3.6 Shared Locks • \ 96
3.7 Update Locks 101
3.8 Two-Phase Locking 102
3.9 Deadlock Avoidance 107

Transaction scheduling 107
Request rejection 108
Transaction retry 108

, Timestamping 110
3.10 Locking Granularity 110
3.11 Intent Locking 112
3.12 Levels of Isolation 119
3.13 Data Manipulation Language Locking Operations 123

UDL 123
SQL (System R) 127
DL/I (IMS) 129
DBTG 130



Contents xiii

3.14 Timestamp Techniques 132
Exercises 134
References and Bibliography 136
Answers to Selected Exercises 140

CHAPTER 4
SECURITY

4.1 Introduction 143
4.2 Identification and Authentication 145
4.3 Authorization Rules 146

The arbiter 149
4.4 Some Existing Systems 150

System R 150
INGRES 155
Query By Example 157
IMS 157
DBTG 158
UDL 158

4.5 Data Classification 158
4.6 Statistical Databases 159
4.7 Data Encryption 165

The Data Encryption Standard 167
Public-key encryption 168

Exercises 171
References and Bibliography 173
Answers to Selected Exercises 178

CHAPTER 5
DATA MODELS

5.1 Introduction 181
5.2 What is a Data Model? 181
5.3 The Relational Model.- -. 187

Relational database 188
Relational operations 192
Relational algebra: additional operators 197
Relational rules 198
Some consequences of the definitions _. -.. 198

5.4 Irreducible Models 199
Binary relational models 200
Irreducible relational models 204
Functional models 204
An alternative view 208

5.5 Null Values 210
A scheme for handling nulls 211
Effect on the relational algebra 214
Additional operators 216
Consequences of the foregoing treatment 218



Contents

Implementation anomalies 222
Default values 225

5.6 Semantic Data Modeling 226
The "basic semantic model" 228
The entity-relationship approach 230
Data abstraction 230

Exercises 231
References and Bibliography 233
Answers to Selected Exercises 236

CHAPTER 6
THE EXTENDED RELATIONAL MODEL RM/T

6.1 Introduction 241
6.2 Entities 242

Entity classification 243
Entity subtypes and supertypes 243

6.3 Surrogates 244
6.4 The E-Domain, E-Attributes, and E-Relations 245
6.5 Properties and P-Relations ! 247
6.6 Entity References 253
6.7 Characteristic Entities 254
6.8 Associative Entities 258
6.9 Designative Entities 261
6.10 Entity Types 263

Type hierarchies 263
Multiple supertypes 267
Subtype integrity 268
Alternative generalization 269

6.11 The RM/T Catalog 269
The property graph 271
The characteristic graph 271
The association graph 272
The designation graph 272
The subtype graph 273

6.12 RM/T Operators 274
6.13 Summary. 278

Objects 77 279
Operators 279
Integrity rules 280
Naming conventions 280
Catalog relations 281
Hypothetical syntax 282

Exercises 283
References and Bibliography 284
Answers to Selected Exercises 286



Contents xv

CHAPTER 7
DISTRIBUTED DATABASES

7.1 Introduction 291
Location transparency 292
Replication transparency 293
Advantages of distributed systems 294

7.2 Distributed System Structure : 295
Reliable communications 296
Data fragmentation 296
Transaction management 298
Homogeneous vs. heterogeneous systems 298
Problems of distributed systems 298

7.3 Distributed Database and IMS 300
7.4 Distributed Database and CICS 301
7.5 Query Processing 303
7.6 Update Propagation 306
7.7 Concurrency Control 309

Locking 310
Global deadlock 311
Timestamping 314
Conservative timestamping 316
Transaction classes 318
Conflict graph analysis 321

7.8 Commit Protocols 323
7.9 Catalog Management 327
7.10 Conclusion 332

Exercises 332
References and Bibliography 333
Answers to Selected Exercises 340

CHAPTER 8
DATABASE MACHINES

8.1 Introduction 341
What is a database machine? 343
Advantages and disadvantages 344

8.2 The Dedicated Conventional Machine Approach 346
Performance . 346
Backend software 349
Some implemented systems : 349

8.3 The Associative Disk Approach 351
Device categorization 353
Performance 355

8.4 Conclusions 359
References and Bibliography 360

Index 371


