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This book covers the core of the material taught in the database sequence at Stanford. The introductory course,
CS145, uses the first twelve chapters, and is designed for all students -those who want to use database systems as
well as those who want to get involved in database implementation. The second course, CS245 on database
implementation, covers most of the rest of the book. However, some material is covered in more detail in special
topics courses. These include CS346 [ implementation project] , which concentrates on query optimization as in
Chapters 15 and 16. Also, CS345A, on data mining and Web mining, covers the material in the last two
chapters.What's New in the Second Edition After a brief introduction in Chapter 1, we cover relational modeling
in Chapters 2-4. Chapter 4 is devoted to high-level modeling. There, in addition to the E/R model, we now cover
UML [0 Unified Modeling Languagel] . We also have moved to Chapter 4 a shorter version of the material on
ODL, treating it as a design language for relational database schemas.The material on functional and multivalued
dependencies has been mod- ified and remains in Chapter 3. We have changed our viewpoint, so that a functional
dependency is assumed to have a set of attributes on the right. We have also given explicitly certain algorithms,
including the "chase," that allow us to manipulate dependencies. We have augmented our discussion of third
normal form to include the 3NF synthesis algorithm and to make clear what the tradeoff between 3NF and BCNF
is.Chapter 5 contains the coverage of relational algebra from the previous edition, and is joined by [ part of(J the
treatment of Dataiog from the old Chap- ter 10. The discussion of recursion in Datalog is either moved to the
book's Web site or combined with the treatment of recursive SQL in Chapter 10 of this edition.Chapters 6-10 are
devoted to aspects of SQL programming, and they repre- sent a reorganization and augmentation of the earlier
book's Chapters 6, 7, 8, and parts of 10. The material on views and indexes has been moved to its own chapter.
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100 The Worlds of Database Systems 1.1 The Evolution of Database Systems 1.1.1 Early Database Management
Systems 1.1.2 Relational Database Systems 1.1.3 Smaller and Smaller Systems 1.1.4 Bigger and Bigger Systems
1.1.5 Information Integrationl] 1.2 Overview of a Database Management System 1.2.1 Data-Definition
Language Commands 1.2.2 Overview of Query Processing 1.2.3 Storage and Buffer Management 1.2.4
Transaction Processing 1.2.5 The Query Processor[] 1.3 Outline of Database-System Studiesd] 1.4 References
for Chapter 100 [0 Relational Database Modeling 200 The Relational Model of Datal] [1 2.1 An Overview of
Data Models[1 2.1.1 What isa Data Model?ldd 2.1.2 Important Data Modelsl]  2.1.3 The Relational Model
in Briefdl  2.1.4 The Semistructured Model in Brief(l 2.1.5 Other Data Modelsl] 2.1.6 Comparison of
Modeling Approachest] [ 2.2 Basics of the Relational Modelll  2.2.1 Attributes] 2.2.2 Schemas 2.2.3
Tuples 2.2.4 Domains 2.2.5 Equivalent Representations of a Relation  2.2.6 Relation Instances 2.2.7
Keys of Relations  2.2.8 An Example Database Schema  2.2.9 Exercises for Section 2.200 [0 2.3 Defining a
Relation Schemain SQL  2.3.1 RelationsinSQL  2.3.2 Data Types 2.3.3 Simple Table Declarations 2.3.4
Modifying Relation Schemas  2.3.5 Default Values 2.3.6 Declaring Keys 2.3.7 Exercises for Section 2.3
[J 2.4 An Algebraic Query Languagel] 2.4.1 Why Do We Need a Special Query Language?l] 2.4.2 What is
an Algebra?l]  2.4.3 Overview of Relational Algebral]  2.4.4 Set Operations on Relationsl]  2.4.5 Projection
[0 2.4.6 Selection] 2.4.7 Cartesian Productl] 2.4.8 Natural JoinslJ 2.4.9 Theta-Joins(] 2.4.10
Combining Operations to Form QueriesC]  2.4.11 Naming and Renaming]  2.4.12 Relationships Among
Operationsl]  2.4.13 A Linear Notation for Algebraic Expressions]  2.4.14 Exercises for Section 2.400 I 2.5
Constraints on Relations]  2.5.1 Relational Algebra as a Constraint Language 2.5.2 Referential Integrity
Constraints  2.5.3 Key Constraintsl]  2.5.4 Additional Constraint Examplesl] 2.5.5 Exercises for Section 2.5
00 O 2.6 Summary of Chapter 21 [0 2.7 References for Chapter 2[1 3[1 Design Theory for Relational Databases[]
[0 3.1 Functional Dependencies 3.1.1 Definition of Functional Dependency  3.1.2 Keys of Relations  3.1.3
Superkeys  3.1.4 Exercises for Section 3.100 [0 3.2 Rules About Functional Dependencies 3.2.1 Reasoning
About Functional Dependencies  3.2.2 The Splitting/Combining Rule] [0 00 00 O O O Relational Database
Programming] Modeling and Programming for Semistructured Datal] Database System Implementation
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[0 O O 13.2 DisksThe use of secondary storage is one of the important characteristics of a DBMS, and secondary
storage is almost exclusively based on magnetic disks. Thus, to motivate many of the ideas used in DBMS
implementation, we must examine the operation of disks in detail.13.2.1 Mechanics of DisksThe two principal
moving pieces of a disk drive are shown in Fig. 13.2; they are a disk assembly and a head assembly. The disk
assembly consists of one or more circular platters that rotate around a central spindle. The upper and lower surfaces
of the platters are covered with a thin layer of magnetic material, on which bits are stored. O'sand I's are
represented by different patterns in the magnetic material. A common diameter for disk platters is 3.5 inches,
although disks with diameters from an inch to several feet have been built. The disk is organized into tracks, which
are concentric circles on a single platter. The tracks that are at a fixed radius from the center, among all the surfaces,
form one cylinder. Tracks occupy most of a surface, except for the region closest to the spindle, as can be seen in
the top view of Fig. 13.3. The density of data is much greater along a track than radially. In 2008, a typical disk has
about 100,000 tracks per inch but stores about a million bits per inch along the tracks. Tracks are organized into
sectors, which are segments of the circle separated by gaps that are not magnetized to represent either O's or I's.1
The sector is an indivisible unit, as far as reading and writing the disk is concerned. It is also indivisible as far as
errors are concerned.
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