
B
IB

LI
O

TH
E

Q
U

E
   

 D
U

   
 C

E
R

IS
T



Fi'e Systems 

Design and Imp'ementation 

B
IB

LI
O

TH
E

Q
U

E
   

 D
U

   
 C

E
R

IS
T



B
IB

LI
O

TH
E

Q
U

E
   

 D
U

   
 C

E
R

IS
T



r------__ _ 

file Systems 
Design and Implementation 
Daniel Grosshans 

Prentiee-Hall, Ine., Englewood Cliffs, New Jersey 07632 

B
IB

LI
O

TH
E

Q
U

E
   

 D
U

   
 C

E
R

IS
T



Lihrary of Congress Cataloging-m-Publicafion Dura 

GROSSHAN'l, DANI1l. 

File systems. 

Bibliography: p 
Includes index 
1. File organization (Computer sçicl1<:e) 1. Tltle 

QA76.9.F5(J76 1986 005.74 R~··2448-' 

ISBN 0- 13 JI456R·,) 

Editorial/production supervision and interior design: Dee Amir Josephson. 
Cover design: 20/20 Services, Ine. 
Manufaeturing buyer: Gordon Osbournc 

© 1986 by Prentice-Hall 
A Division of Simon & Schuster, Ine. 
Englewood Cliffs, New Jersey 07632 

Ali rights reserved. No part of this book may be 
reproduced, in any form or by any means, 
without permission in writing from the publisher. 

Printed in the United States of America 

10 9 8 7 6 5 4 3 2 

ISBN 0-13-314568-9 

Prentice-Hall International (UK) Limited, London 
Prentice-Hall of Australia Pty. Limited, Sydney 
Prentice-Hall of Canada Ine., Toronto 
Prentiee-Hall Hispanoamericana, S.A., Mexico 
Prentice-Hall of India Private Limited, New Delhi 
Prentice-Hall of Japan, Ine., Tokyo 
Prentice-Hall of Southeast Asia Pte. Ltd., Singapore 
Editora Prentiee-Hall do Brasil, Ltda., Rio de Janeiro 
Whitehall Books Limited, Wellington, New Zealand 

Hgures 3-5 through 3-11, Tables 3-3 through 3-6, Figure D-O and ail label definitions in Appendix D are reproduced w!lh permission from 
American Nat~ona{ Standard Magnetic Tape. Labels and File Structure for Information Interchange, ANSI. X3.27-1978, copyri~ht 1978 by the 
American NatIOnal Standards Institute. Copies of this standard may be purchased from the American NatIOnal Standards Instltute of 1430 Broad
way, New York, N.Y. 10018. 

UNIX is a regîstered Irademark of Bell Laboratories. 

IBM i5 a registered trademark of the International Busines~ Machines Corporation. 

B
IB

LI
O

TH
E

Q
U

E
   

 D
U

   
 C

E
R

IS
T



Ta my wife, Maria, and 
my chiIdren, Kristin, Lisa and Amie 

B
IB

LI
O

TH
E

Q
U

E
   

 D
U

   
 C

E
R

IS
T



B
IB

LI
O

TH
E

Q
U

E
   

 D
U

   
 C

E
R

IS
T



Contents 

Preface xiii 

File Proeessing Overview 

1.1 Overview 1 
1.2 Why Study 1I0? 3 
1.3 IIO From a User's Perspective 5 
1.4 IIO From a System Perspective 6 
1.5 Terminology 7 
1.6 Key Issues in File Design 15 
1. 7 Key File Deisgn Ratios 19 
1.8 Summary 20 

PART 1 DEVICE CHARACTERISTICS 23 

2 Deviee 1/0 25 

3 

2.1 Overview 25 
2.2 Hardware Configurations 26 
2.3 Deviee IIO 30 
2.4 1/0 Programming 35 
2.5 Implementation Requirements 36 
2.6 Summary 37 

Magnetie Tape Deviees 

3.1 Overview 41 
41 

3.2 Tape Hardware Characteristics 

vii 

B
IB

LI
O

TH
E

Q
U

E
   

 D
U

   
 C

E
R

IS
T



viii 

4 

3.3 File Structure 
3.4 Tape 1/0 
3.5 110 Exception Handling 
3.6 Compatibility Issues 
3.7 Cost/Benefit Trade-offs 69 
3.8 Performance Characteristics 70 
3.9 Implementation Requirements 72 

3.10 Summary 73 

Random Aeeess Deviees 77 
4.1 Overview 77 
4.2 Disk Hardware Characteristics 78 
4.3 Disk File Structure 83 
4.4 Disk 110 95 
4.5 110 Exception Handling 97 
4.6 Compatibility Issues 101 
4.7 Cost/Benefit Trade-offs 102 
4.8 Performance Characteristics 103 
4.9 Implementation Considerations 107 

4.10 Summary 110 

PART II FILE SYSTEMS 113 

5 Basic File Systems 115 

5.1 Overview liS 
5.2 What Is a Basic File System? 116 
5.3 Basic File System Interface: File Operations 
5.4 Basic File System: File Operations 120 
5.5 Basic File System Interface: Block Operations 
5.6 Data Flow 134 
5.7 Performance Considerations 135 
5.8 Implementation Requirements 136 
5.9 Summary 140 

6 Basic 1/0 Supervisor 143 

6.1 Overview 143 
6.2 Basic File Support Functions 144 
6.3 Deviee Drivers 149 
6.4 1/0 Request Queueing 149 
6.5 1/0 Initiation 151 
6.6 1/0 Termination Process 151 
6.7 Interrupt Handling 154 
6.8 Performance Considerations 158 
6.9 Implementation Requirements 159 

6.10 Summary 163 

Contents 

117 

130 

B
IB

LI
O

TH
E

Q
U

E
   

 D
U

   
 C

E
R

IS
T



Contents 

7 Logicol 1/0 Concepts 166 

8 

7.1 Overview 166 
7.2 File Attributes 168 
7.3 Data Flow To/From User 169 
7.4 lIO Buffering Techniques 173 
7.5 File Reorganization 180 
7.6 Performance Considerations 181 
7.7 Design Trade-offs 182 
7.8 lIO Status Handling 183 
7.9 Implementation Requirements 184 

7.10 Summary 185 

Access Method 1/0 187 
8.1 Overview 187 
8.2 File Design Considerations 189 
8.3 File Operations 190 
8.4 Record Operations 199 
8.5 Performance Considerations 213 
8.6 Design Trade-offs 215 
8.7 Implementations Requirements 216 
8.8 Summary 221 

PART III ACCESS METHODS 225 

9 Sequentiol Files 27 

10 

9.1 Overview 227 
9.2 File Design Considerations 228 
9.3 File Operations 230 
9.4 Record Operations 232 
9.5 Performance Considerations 237 
9.6 Design Trade-offs 238 
9.7 Implementation Requirements 240 
9.8 Summary 243 

Relotive Files 
10.1 Overview 

246 
246 

10.2 File Design Considerations 247 
10.3 File Operations 252 
10.4 Record Operations 253 
10.5 Performance Considerations 259 
10.6 Design Trade-offs 261 
10.7 Implementation Requirements 264 
10.8 Summary 267 

ix 

B
IB

LI
O

TH
E

Q
U

E
   

 D
U

   
 C

E
R

IS
T



x Contents 

11 Direct Files 270 
ILl Overview 2iO 
11.2 File Design Considerations 271 
11.3 File Operations 281 
lL4 Record Operations 283 
11.5 Performance Considerations 290 
11.6 Design Trade-offs 291 
11.7 Implementation Requirements 294 
11.8 Summary 299 

12 Indexed Sequential Files 302 
12.1 Overview 302 
12.2 File Design Consideratiom 304 
12.3 File Operations 313 
i 2.4 Record Operations 316 
12.5 Performance Considerations 324 
12.6 Design Trade-o ffs 328 
12.7 Implementation Requirements 330 
12.8 Summary 334 

13 Indexed Files 336 
13 .1 Overview 336 
13.2 File Design Considerations 338 
13.3 File Operations 343 
13.4 Record Operations 345 
13.5 Performance Considerations 353 
J 3.6 Design Trade-offs 357 
13.7 Implementation Requirements 359 
13.8 Summary 364 

14 VSAM Files 367 
14.1 Overview 367 
14.2 File Design Considerations 369 
14.3 File Operations 378 
14.4 Record Operations 379 
14.5 Performance Considerations 384 
14.6 Design Traade-offs 388 
14.7 Implementation Requirements 390 
14.8 Summary Wi 

15 Multikey Indexed Files 394 
15.1 Overview 394 
15.2 File Design Considerations 395 
15.3 File Operations 403 

B
IB

LI
O

TH
E

Q
U

E
   

 D
U

   
 C

E
R

IS
T



Contents xi 

15.4 Record Operations 404 
15.5 Performance Considerations 410 
15.6 Design Trade-offs 411 
15.7 Implementations Requirements 413 
15.8 Summary 416 

PART IV MISCELLANEOUS TOPICS 419 

16 File System Issues 421 
16.1 Overview 421 
16.2 Pile Sharing 422 
16.3 Distributed Data Processing 423 
16.4 High Availability 424 
16.5 Data Security 425 
16.6 Impact of Personal Computers 426 
Ib.7 Programming Language Incompatibilities 427 
16.8 Internationalization 428 
16.9 Summary 429 

Appendix A InternaI Data Structures 430 

Appendlx B Common File Structures 440 

Appendix C Disk File Structures 444 

Appendix D Tape File Structures 451 

Glossary 458 

Bibliography 471 

Index 473 

B
IB

LI
O

TH
E

Q
U

E
   

 D
U

   
 C

E
R

IS
T




