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Users/Programmers

DATABASE
SYSTEM

Application Programs/Queries

DBMS
SOFTWARE

Software to Process
Queries/Programs

Software to Access
Stored Data

Stored Database
Definition

(Meta-Data)

Stored
Database

Figure 1.1 A simplified database system environment, illustrating the
concepts and terminology discussed in Section 1.1.
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STUDENT Name StudentNumber Class Major
Smith

Brown

17

  8

1

2

CS

CS

COURSE CourseName CourseNumber CreditHours Department

Intro to Computer Science

Data Structures

Discrete Mathematics

Database

CS1310

CS3320

MATH2410

CS3380

4

4

3

3

CS
CS
MATH
CS

PREREQUISITE CourseNumber PrerequisiteNumber

CS3380

CS3380

CS3320

CS3320

MATH2410

CS1310

SECTION SectionIdentifier CourseNumber Semester Year Instructor

  85

  92

102

112

119

135

MATH2410

CS1310

CS3320

MATH2410

CS1310

CS3380

Fall

Fall

Spring

Fall

Fall

Fall

98

98

99

99

99

99

King

Anderson

Knuth

Chang

Anderson

Stone

StudentNumber SectionIdentifier GradeGRADE_REPORT
17

17

  8

  8

  8

  8

112

119

  85

  92

102

135

B

C

A

A

B

A

Figure 1.2 An example of a database that stores
student records and their grades.
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Data Item Name
Name

StudentNumber
Class
Major

Starting Position in Record Length  in Characters (bytes)
1

31
35
39

30
  4
  4
  4

Figure 1.3 Internal storage format for a STUDENT record.
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(a)
StudentName

CourseNumber Grade Semester Year SectionId

Brown

TRANSCRIPT
Student Transcript

Smith
CS1310

MATH2410

MATH2410

CS1310

CS3320

CS3380

C

B

A

A

B

A

Fall

Fall

Fall

Fall

Spring

Fall

119

112

  85

  92

102

135

(b)

Data Structures

PREREQUISITES CourseName CourseNumber Prerequisites

Database CS3380

CS3320

CS3320
MATH2410

CS1310

99

99

98

98

99

99

Figure 1.4 Two views derived from the example database shown in
Figure 1.2. (a) The student transcript view. (b) The course prerequisite view.
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GRADE_REPORT StudentNumber StudentName SectionIdentifier CourseNumber Grade

17

17

  8

  8

  8

  8

Smith

Smith

Brown

Brown

Brown

Brown

112

119

  85

  92

102

135

MATH2410

CS1310

MATH2410

CS1310

CS3320

CS3380

B

C

A

A

B

A

(a)

GradeGRADE_REPORT StudentNumber StudentName SectionIdentifier CourseNumber
17 Brown 112 MATH2410 B

(b)

Figure 1.5 The redundant storage of data items. (a) Controlled redundancy:
Including StudentName and CourseNumber in the grade_report file. (b) Uncontrolled
redundancy: A GRADE_REPORT record that is inconsistent with the STUDENT records in

Figure 1.2, because the Name of student number 17 is Smith, not Brown.
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SectionIdentifier       CourseNumber       Semester       Year       Instructor

SECTION

CourseName       CourseNumber       CreditHours             Department

COURSE

Name       StudentNumber       Class          Major

STUDENT

CourseNumber       PrerequisiteNumber

PREREQUISITE

StudentNumber       SectionIdentifier       Grade

GRADE_REPORT

Figure 2.1 Schema diagram for the database of Figure 1.2.
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EXTERNAL
LEVEL

EXTERNAL
VIEW1

EXTERNAL
VIEW

CONCEPTUAL SCHEMA

INTERNAL SCHEMA

END USERS

external/conceptual
mapping

INTERNAL
LEVEL

CONCEPTUAL
LEVEL

conceptual/internal mapping

STORED DATABASE

EXTERNAL
VIEW

Figure 2.2 Illustrating the three-schema architecture.
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DBA staff

DDL
STATEMENTS

PRIVILEGED
COMMANDS

INTERACTIVE
QUERY

Casual
users

Query
Compiler

System
Catalog/

Data
Dictionary

Stored
Data

Manager

Run-time
Database
Processor

STORED DATABASE

COMPILED
(CANNED)

TRANSACTIONS

Concurrency Control/
Backup/Recovery Subsystems

DML
STATEMENTS

Application
programmers

Precompiler

Host Language
Compiler

Parametric
users

D

A

B

C

E

APPLICATION
PROGRAMS

DDL
Compiler

execution

execution
execution

DML
Compiler

Figure 2.3 Typical component modules of a DBMS. Dotted lines show
accesses that are under the control of the stored data manager.
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STUDENT

GRADE_REPORT

COURSE

SECTION

COURSE_OFFERINGS

STUDENT_GRADES

HAS_A

IS_A

PREREQUISITE

SECTION_GRADES

Figure 2.4 The schema of Figure 2.1 in the notation
of the network data model.




