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Data vs. Information

[ Data:

[JRaw facts; building blocks of information
[JUnprocessed information

[1Information:
[1Data processed to reveal meaning

[1Accurate, relevant, and timely Inf
to good decision maklng
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Introducing the Database
and the DBMS

[1Databasel] shared, integrated computer
structure that houses:

[1End user data (raw facts)

[IMetadata (data about data)
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Introducing the Database
and the DBMS (continued)

[1DBMS (database management system):

[1Collection of programs that manages database
structure and controls access to data

[1Possible to share data among multiple
applications or users

[IMakes data management more
effective

www.educlash.com




DBMS Makes Data Management
More Efficient and Effective

[1End users have better access to more and

better-managed data

[IPromotes integrated view of organization(s
operations

[1Probability of data inconsistency is gre
reduced

[1Possible to produce quic
ueries
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The DBMS Manages the Interaction
Between the End User and the
__Database
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Database Management System
(DBMS)

Collection of interrelated data
Set of programs to access the data
DBMS contains information about a particular enterprise

DBMS provides an environment that is both convenient and
efficient to use.
Database Applications:
Banking: all transactions
Airlines: reservations, schedules
Universities: registration, grades
Sales: customers, products, purchases
Manufacturing: production, inventory, orders, s
Human resources: employee records, salau

Databases touch all aspects of our li
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Evolution of Simple File System

[1As number of databases increased, small file
system evolved

[1Each file used its own application programs

[1Each file was owned by individu
department who commissi
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Problems with
File System Data Management

[1Every task requires extensive programming
In a third-generation language (3GL)

[IProgrammer must specify task and how it must
be done

[1Modern databases use fourth-gene
language (4GL)

[1Allows user to specify
ecifying how iLi
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Programming in 3GL

[1Time-consuming, high-level activity

[1Programmer must be familiar with physical
file structure

[1ASs system becomes complex, access paths
become difficult to manage and tend to
produce malfunctions

[1Complex coding establishes
location of files and sy
data characte#
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Programming in 3GL (continued)

[1Ad hoc queries are impossible

[IWriting programs to design new reports Is
time consuming

[1As number of files increases, system
administration becomes difficult

[1Making changes in existing file str
difficult

lle structure change
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Programming in 3GL (continued)

[1Modifications are likely to produce errors,
requiring additional time to [debuglthe
program

[1Security features hard to program and
therefore often omitted
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Structural and Data
Dependence

[1Structural dependence
[1Access to a file depends on its structure

[1Data dependence

[1Changes in database structure affect programis
ability to access data

[1Logical data format
[JHow a human being views the

[1Physical data format
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Purpose of Database System

To summaries L]

Drawbacks of using file systems to store data
Data redundancy results in data inconsistency

Different and conflicting versions of the same data appear in
different places

Data anomalies develop when required changes in redundant
data are not made successfully

Data anomalies [0 Modification, Insertion, Deletion
Difficulty in accessing data

Need to write a new program to carry out each new
Data isolation [1 multiple files and form

Inteqrity problems

Integrity constraints (e.g. accou
program code

rd to add new co
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Purpose of Database Systems
(Cont.)

[1 Drawbacks of using file systems (cont.)
[1 Atomicity of updates

[ Failures may leave database in an inconsistent state with partial
updates carried out

[1E.qg. transfer of funds from one account to another should either
complete or not happen at all

[1 Concurrent access by multiple users
[1 Concurrent accessed needed for performance
[JUncontrolled concurrent accesses can lead to inconsistes
[1E.g. two people reading a balance and updaii
time
[1 Security problems
Database systems offer solutions tg
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Database vs. File System

[1Problems inherent in file systems make
using a database system desirable

[1File system

[IMany separate and unrelated files

[ 1 Database

[ILogically related data
ta repositor

www.educlash.com




Contrasting Database and File
Systems
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asic File Terminology

TABELE 1.1 Basic FILE TERMINOLOGY

TERM BIFINITICN

Data “Raw™ faoms, such-as a releahone numher, a birth dote, a customer name,and o year-to-datae (YT0)
aales value. ata have litthe meamng unless they have bean nreanized in some lopical manner The
arnallest phece of data that car be “recopnizec” by the cormputen s @ sinale chascien, such e the letter A,
the rumhar 3, or s symbol such as LA single charactar regquines one byte of compuier stoage.

Field & chercter or greup ol chzmcie s aiphabelic or romeric) tal bas aspecific meaning, & okl wed
b cefine and sore data

Record A bipically connected set of one or more tields that describes 2 persor; place, or thing, Tor sxample;
Che Telck that constiie 4 recond e o customer vemed LG R nught consist of | G &ucd's e,
arddress, phone number. date of bindy, credit lirdt, and urpaid balanee:

Fide A colestion of related reourds. For exarmale, o file might congam data aboul vencor: of ROBCOE
Company: ora tila might contain the meords for the students correnthe enrcled ar Cigantic Unfersine
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DBMS Functions

[1Performs functions that guarantee integrity
and consistency of data

[1Data dictionary management
[Idefines data elements and their relationships

[1Data storage management

[Istores data and related data entry forms,
definitions, etc.

[1Data transformation and pre
[Itranslates logical reque

www.educlash.com




DBMS Functions (continued)

[1Security management

[lenforces user security and data privacy within
database

[IMulti-user access control

[Icreates structures that allow multiple user
access the data

[1Backup and recovery ma

rovides back
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DBMS Functions (continued)

[1Data integrity management

[Ipromotes and enforces integrity rules to eliminate
data integrity problems

[1Database access languages and application
programming interfaces

[Iprovides data access through a quer

[lallows database tg-att
\5 OB /
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The Database System

Environment

[1 Database system Is composed of 5 main
parts:
1. Hardware

2. Software
[1 Operating system software
[1 DBMS software
[1 Application programs and utility s

3. People
. Procedures
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Database Users

Users are differentiated by the way they expect to interact
with the system

Application programmers Linteract with system through
DML calls

Sophisticated users Lform requests in a database query
language
Specialized users write specialized database

applications that do not fit into the traditional date
processing framework

Nalle users Llinvoke one of the perma

lerical staff
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The Database System
Environment (continued)

FIGURE 1.7 THE DATABASE SYSTEM ENVIRONMENT
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Overall System Structure
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Application Architectures

o mm mm mm Em mm Em mm m Em e Em e
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Levels of Abstraction

Physical level describes how a record (e.g.,
customer) Is stored.

Logical level: describes data stored in database,
and the relationships among the data.

type customer = record
name : string;
street : string;
City : integer;
end;
View level: application progra
data types. Views can alsgHiC
salary) for security pugpose
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View of Data

Na=~° (1 82 f£;28°f£=p-°=~=¢~2~ ~+£=+4

view level

view 2 vView N

lﬂgical
level

physical
level
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Instances and Schemas

]

Similar to types and variables in programming languages

[0 Schema [the logical structure of the database

[ e.g., the database consists of information about a set of customers and
accounts and the relationship between them)

[1 Analogous to type information of a variable in a program
[0 Physical schema : database design at the physical level
[1 Logical schema : database design at the logical level
[0 Instance [lthe actual content of the database at a particular point in time
[1 Analogous to the value of a variable
[1 Physical Data Independence [Ithe ability to modify the ph
without changing the logical schema
[1 Applications depend on the logical schema

[ In general, the interfaces between the varie
be well defined so that changes in
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Data Models

A collection of tools for describing
data _ _
data relationships
data semantics
data constraints

Entity-Relationship model
Relational model

Other models:
Object-Oriented model

AL SHsted daia

odeC}s
model.é
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The Importance of Data Models

[1 Data model

[1 Relatively simple representation, usually graphical, of
complex real-world data structures

[1 Communications tool to facilitate interaction among the
designer, the applications programmer, and the end user

[1 Good database design uses an appropriate datai
its foundation

L] End-users have different views ane
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The Evolution of Data Models

[1Hierarchical
[ Network

[1Relational

[1Entity relationship

[1Object oriented
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The Hierarchical Model
Evolution

[1GUAM (Generalized Update Access Method)

[1Based on the recognition that the many smaller
parts would come together as components of still
larger components

[IInformation Management Syster

[JWorld[s Ieadlng mamfr

www.educlash.com




The Hierarchical Model
Characteristics

[1Basic concepts form the basis for
subsequent database development

[ Limitations lead to a different way of looking
at database design

[1Basic concepts show up In current.e
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A Hierarchical Structure

FIGLURE Z.1 A HIERARCHIGAL STRUCTURE
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Hierarchical Structure

Characteristics
Each parent can have many children

Each child has only one parent

Tree Is defined by path that traces parent
segments to child segments, beginning from the

left

[1Hierarchical path

[1Ordered sequencing of segme
hierarchical structure

order travers
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The Hierarchical Model

[1Advantages
[1Conceptual simplicity

[1Database security

[1Data independence
[1Database integrity

fficiency
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The Hierarchical Model (continued)

[1Disadvantages
[1Complex implementation

[1Difficult to manage

[1Lacks structural independence

Complex applications programmi

Implementation limitati
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The Network Model

[1Created to

[IRepresent complex data relationships more
effectively

[IImprove database performance
[IImpose a database standard

[1Conference on Data Systems L
(CODASYL) (In late 1960s

merican National
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Crucilal Database

Components
[1Schema

[1Conceptual organization of entire database as
viewed by the database administrator

[1Subschema

[1Defines database portion [Seenl by the applic
programs that actually produce the des
Information from data contained wi
database

Data Management L
fine data

www.educlash.com




Data Management
Language Components

[1Schema Data Definition Language (DDL)

[1Enables database administrator to define
schema components

[1Subschema DDL

[1Allows application programs to define
components that will be used
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Network Modell] Basic
Structure

Resembles hierarchical model
Collection of records in 1:M relationships

Set

[JRelationship

[1Composed of at least two record types

L1Owner
[1 Equivalent to the hierarchical mg

[IMember
[1 Equivalent to the
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A Network Data Model
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The Network Data Model

[1Advantages
[1Conceptual simplicity
[I1Handles more relationship types

[1Data access flexibility

[1Promotes database integrity
[1Data independence

[]Conform
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The Network Data Model

(conﬁnued)

[1Disadvantages
[1System complexity

[1Lack of structural independence
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The Relational Model
[1Developed by Codd (IBM) Iin 1970

[1Considered ingenious but impractical in 1970
[1Conceptually simple

[1Computers lacked power to implement the
relational model

[1 Today, microcomputers ca
elational database s
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The Relational Modell]l Basic

Structure

[1Relational Database Management System
(RDBMS)

[1Performs same basic functions provided by
hierarchical and network DBMS systems, plus
other functions

[1Most important advantage of the"RDBI
ability to let the user/
e

isiman logical envirc
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The Relational Model
Basic Structure (continued)

[1Table (relations)

[IMatrix consisting of a series of row/column
Intersections

[1Related to each other by sharing a common entity
characteristic

[1Relational schema

[1Visual representation of relatie
entities, attributes withig

elationships beiwetngt
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Relational Table

[1Stores a collection of related entities

[IResembles a file

[1Relational table is purely logical structure

[IHow data are physically stored in the databé
Nno concern to the user or the designe

[1This property became the
revolution
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A Relational Schema

FIGURE 2.5 A RELATIONAL SCHEMA

AGENT_CODE
AGENT _LMNAME : LIS LNAME

AGENT FMAME CUS_FMNAME

AGEMT _IMITIAL CUIS_INITIAL
AGENT_AREACODE CUS_AREACODE
AGENT_PHONE CUS_PHOME
AGENT_ADDRESS IS RENEW DATE
AGENT_CITY AGENT _CODE
AGENT_STATE

S&GENT _ZIP

AGENT_DATE_HIRED
AGENT_YTD_PAY
AGENT_¥TD_FIT
AGENT_¥TD_FICA
AGEMT_¥TD_SLS
AGENT_DEP
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Linking Relational Tables
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The Relational Model

[1Advantages
[1Structural independence
[JImproved conceptual simplicity

[1Easier database design, implementati
management, and use

[JAd hoc query capabilit
[1Powerful d

www.educlash.com




The Relational Model (continued)

[1Disadvantages

[1Substantial hardware and system software
overhead

[1Can facilitate poor design and
Implementation

[1May promote lsland
problems

www.educlash.com




The Entity Relationship Model

[1Widely accepted and adapted graphical
tool for data modeling

[1Introduced by Chen in 1976

[1Graphical representation of entit
their relationships in a da
structure
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The Entity Relationship Model
Basic Structure

L1 Entity relationship diagram (ERD)

[1Uses graphic representations to model database
components

[1Entity Is mapped to a relational table
[ Entity instance (or occurrence) IS row Ig
[1Entity set is collection of like e

Connectivity labels ty
b Diamond con

“En-..;;..‘. ...... ' .
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Relationships: The Basic
Chen ERD

FIGURE 2.6 ReLatiaonsHips: THE Basic CHeEn ERD

A Onc-to-Many (1:M) Relationship: a PAINTER can paint many PAINTINGSs;
each PAINTING is painted by one PAINTER

1 M

PAINTLER PAINTING

A Many-to-Many (M:N) Relationship: an EMPLOYEE can learn many SKILLs;
each SKILL can be learned by many EMPLOYEEs

M N

EMPLOYEE SKILL

A One-to-One (1:1) Relationship: an EMPLOYEE manages one STORE;
cach STORE is managed by one EMPLOYEE

1 1

EMPLOYEE STORE

R
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The Entity Relationship Model

[1Advantages
[1Exceptional conceptual simplicity

[1Visual representation

[1Effective communication tool

[IIntegrated with the rela#€
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The Entity Relationship Model

(conﬁnued)
[1Disadvantages

[ILimited constraint representation

[ILimited relationship representation

[INo data manipulation language

[1Loss of information co
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The Object Oriented Model

[1Semantic data model (SDM) developed by
Hammer and McLeod in 1981

[1Modeled both data and their relationships in a
single structure known as an object

[1Basis of object oriented data ma

OODM becomes the b
lented databa
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The Object Oriented Model

(conﬂnued)
[1 Object is described by its factual content

[1Like relational modells entity

1 Includes information about relationships between facts
within object and relationships with other objects

[JUnlike relational modells entity

[1 Subsequent OODM development alloweg
also contain operations

L] Object becomes basic buildine
uctures
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Developments that
Boosted OODMIS Popularity

[1Growing costs put a premium on code
reusabllity

[1Complex data types and system requirements
became difficult to manage with a traditional
RDBMS

[1Became possible to support increasin
sophisticated transaction & infor
requirements

ver-increasing com
Ible to su
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Object Oriented Data Model
Basic Structure

[1ODbject: abstraction of a real-world entity

[ Attributes describe the properties of an object

[1ODbjects that share similar characteristics are
grouped In classes
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A Comparison of the OO Model
and the ER Model
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The Object Oriented Model

[1Advantages
[1Adds semantic content

[1Visual presentation includes semantic
content

[1Database integrity

[1Both structural a
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The Object Oriented Model

(conﬁnued)

[1Disadvantages

[1Slow pace of OODM standards
development

[1Complex navigational data access

[1Steep learning curve

[IHigh system ove
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Other Models
[1Extended Relational Data Model (ERDM)

[1Semantic data model developed in response to
Increasing complexity of applications

[IDBMS based on the ERDM often described as an
object/relational database management systeks
(O/RDBMS)

LIPrimarily geared to busines
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Other Models (continued)

[1Datels objections to ERDM label

[1Given proper support for domains,
relational data models are quite capable of
handling complex data

OTherefore, capability that is supposedly belng
extended is already there

[1O/RDM label Is not accursg
relational data modelig™®

object model st¢t
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Data Models: A Summary

[1Each new data model capitalized on the
shortcomings of previous models

[1Common characteristics:

[1Conceptual simplicity without compromising the
semantic completeness of the database

[IRepresent the real world as closely g

[1Representation of real-world
(behavior) must be in copap
and integrity charae
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The Development of Data
Models
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Entity Relation Model




The Entity Relationship Model

[I1Widely accepted and adapted graphical
tool for data modeling

[1Introduced by Chen in 1976

[1Graphical representation of entitie
their relationships in a datab
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The Entity Relationship Model
Basic Structure

Entity relationship diagram (ERD)

Uses graphic representations to model
database components

Entity is mapped to a relational table

Entity instance (or occurrence) IS row in
table

Entity set Is collection of like entitig

Connectivity labels types o

Diamond connected to et
a relationship line
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Relationships: The Basic
Chen ERD

FIGURE 2.6 ReLatiaonsHips: THE Basic CHeEn ERD

A Onc-to-Many (1:M) Relationship: a PAINTER can paint many PAINTINGSs;
each PAINTING is painted by one PAINTER

1 M

PAINTLER PAINTING

A Many-to-Many (M:N) Relationship: an EMPLOYEE can learn many SKILLs;
each SKILL can be learned by many EMPLOYEEs

M N

EMPLOYEE SKILL

A One-to-One (1:1) Relationship: an EMPLOYEE manages one STORE;
cach STORE is managed by one EMPLOYEE

1 1

EMPLOYEE STORE
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Relationships:
The Basic Crowls Foot ERD

FIGURE 2.7 RELATIONSHIPS: THE Basic Crow?’s FooT ERD

A Dne-to-Many (1:M) Relationship: a PAINTER can paint many PAINTINGs;
cach PAINTING i painted by one PAINTER

aint
PAINTER I” idaldes |4 PAIN T ING ‘

A Many-to-Many (M:N) Relationship: an EMPLOYEE can learn many SKILLs;
each SKILL can be learned by many EMPLOYLLs

' i learns .
CrAPLOYELD i SKILL

A One-to-One (1:1) Relationship: an EMPLOYEE manages one STORE;
each STORE is managed by one EMPLOYEE

EAMPLOYEE Ll At St ] STORE
11 |
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The Entity Relationship (ER)
Model

ER model forms the basis of an ER
diagram

ERD represents the conceptual database
as viewed by end user

ERDs depict the ER modells three main
components:

Entities
Attributes
Relationships
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Entities

Refers to the entity set and not to a single
entity occurrence

Corresponds to a table and not to a row In
the relational environment

In both the Chen and CrowI(s Foot models
an entity Is represented by a rectangle
containing the entity(ls name

Entity name, a noun, IS
capital letters
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Attributes

Characteristics of entities

In Chen model, attributes are represented
by ovals and are connected to the entity
rectangle with a line

Each oval contains the name of the
attribute It represents

In the Crow(S Foot model,
are simply written in the-at

below the entity reetang
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The Attributes of the STUDENT
Entity

FIGURE 4.1 THE ATTRIBUTES OF THE STUDENT ENTITY

Chen Model Crow’s Foot Model

STUDENT

$TU_LNAME
STU FNAME
STU_INIIAL
STU EMALL
STU PHONE
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Attributes

[1 An entity is represented by a set of attributes, that is descriptive
properties possessed by all members of an entity set.
Example:

customer = (customer _id, customer_name,
customer_street, customer_city )

_ loan = (loan_number, amount ) _
[1 Domain [lthe set of permitted values for each attribute

[1 Attribute types:

[1 Simple and composite attributes.

[1 Single-valued and multi-valued attribute
[1 Example: multivalued attributes

[1 Derived attributes

[1Can be comp
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Composite Attributes

Composite nanie address
Attributes //HTH\“\
.
\ o
.
/ HI| ™
tirst_name middle_initial last_name street city state postal_code
= ,__,*“"‘-’/11‘-“_""-\.\_
Component s Py
Attributes P 4 \ .

street numiber street name apartiment numibe)
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Relationship Sets

[1 A relationship Is an association among several entities

Example:
Hayes depositor A-102
customer entityrelationship setaccount entity

[1 A relationship set is a mathematical relation amongn 2
entities, each taken from entity sets

{e,,e,,0e)|e;, Ep e, Ey,Ll e

where (e,, e,, L1 e,) Is arelationship
[] Example:
(Hayes, A-10
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Relationship Sets

[1 An attribute can also be property of a relationship set.

[ For instance, the depositor relationship set between entity sets
customer and account may have the attribute access-date
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Degree of a Relationship Set

[1 Refers to number of entity sets that participate in a relationship
set.

[] Relationship sets that involve two entity sets are binary (or
degree two). Generally, most relationship sets in a database

system are binary.
[1 Relationship sets may involve more than two entity sets.

Example: Suppose employees of a bank may have jobs

(responsibilities) at multiple branches, with different jobs at
different branches. Then there is a ternary relationshig
between entity sets employee, job, and branch

[] Relationships between more than ty
relationships are binary. (More.€




Mapping Cardinality Constraints

[1EXxpress the number of entities to which another
entity can be associated via a relationship set.

[1Most useful in describing binary relationship
sets.

[1For a binary relationship set the mapping
cardinality must be one of the followin
One to one
One to many
Many to one

www.educlash.com




Mapping Cardinalities

A B

by

a b,
-

(a)
One to one
Note: Some elements ja=A"andyE

ments.inthe-othe
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Mapping Cardinalities

A B

(a) (b)

Many to one

Note: Some elemepis-h A

=“‘v!.1._:‘_;_‘1;‘ -------
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Primary Keys
[1Underlined in the ER diagram

[1Key attributes are also underlined in frequently
used table structure shorthand

[1ldeally composed of only a single attribute

[1Possible to use a composite ke

LIPrimary key composed
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E-R Diagrams

'féfﬁfnnmrmumm; :"{: islotier 'ﬂ'!"ttfﬂ) J’ﬂ.m HLHHL‘E‘F (:: Aot H“J
B U s U A
k:thi‘l-zsmmm‘,_.id::)\\‘ s HEJ slonier _cifi j 7 "\‘ f,f
"“nhi‘h{:’,,ﬁ‘”’x \‘xva
‘ customer horrower loan ‘

Rectangles represent entity sets.

Diamonds represent relationship sets.
Lines link attributes to entity sets and entity sets tg

Ellipses represent attributes

Double ellipses represent multi
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E-R Diagram With Composite,
Multivalued, and Derived Attributes

&
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—
street_name
TR A i I{ =l
< middle_initial > T T
~ (’:q Freet—nu n-;bgr:‘) / <Hp£-’! rtmen L:rmmbr:f 5
penig, =
5
il ﬁ}’*-.f mnw / ( " lasl_name = Ty / /
S slreel cit
( namte \/, - ) A Ay >
~—
l\"\.
I .. s ﬂ ﬂddr{’aﬂv{ state >
h customer_id - M P “—“\
aee =

customer \vf

T
{ Zip—code)
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Relationship Sets with

Attributes

g ==

_—

(Customer_nameéd (Customer_streety —
T -T'_r._.r"' ™ -

¢
¢

< cuslomer—id

~

T

it v el

cuslomer

@m&ss_dﬂte“

Caccount_ninbery ¢ balance

—_ T

\ I'H Ir"r - ¥ > A | + -
) ./ K_J-Mhit?ﬂ!f,}_.t_ :'i[j)

—_—

—_

(accoLLil

R
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Roles

Entity sets of a relationship need not be distinct

[J The labels ihmanagerand WorkerLare called roles ; they specify how
employee entities interact via the works_for relationship set.

[J Roles are indicated in E-R diagrams by labeling the lines that connect
diamonds to rectangles.

[J Role labels are optional, and are used to clarify semantics of the
relationship

L]

R s e
Cemployee_street
—-_\_|_‘_‘_\'___'_'_'___,_.—

= o
cmiployee_naine employee—city >

""-\.._‘_‘_

—— s
Cfelephone_number

e
@I;ﬂ oyee—id >
= it manager .
employee [ <wworks_ for

worker
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Participation of an Entity Set in a
Relationship Set

Total participation (indicated by double line): every entity in the entity set
participates in at least one relationship in the relationship set

E.g. participation of loan in borrower is total
every loan must have a customer associated to it via borrower

Partial participation: some entities may not participate in any relationship in
the relationship set

Example: participation of customer in borrower is partial

< Customer_na ;Hf) customer_streef
- - \x ff - — (\i#fg?r?r'ﬁ_mmxfﬁp P _
*“’FMH:} x\ x; ¢ E_i_a’f‘f(}}?f(—?‘f‘_f‘ﬂ o “———riﬂ*’ <R M =
T v ) - . Hx,..rf""rf
customer —«:iimrrgm;gij} loan
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Multiplicity constraints on
relationships

[1 Represents the number of occurrences of one entity that
may relate to a single occurrence of an associated entity.

[1 Represents policies (called business rules) established by
user or company.
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Multiplicity constraints

[1 The most common degree for relationships is binary.

[1 Binary relationships are generally referred to as being:
one-to-one (1:1)
one-to-many (1:*)

many-to-many (*:*)
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Summary of multiplicity constraints

Table 7.1 A summary of ways to represent multiplicity constraints.

Alternative ways to represent Meaning
multiplicity constraints

0.1 Zero or one entity occurrence

1..1 {or jusl 1) Exaclly one enlily occurrence

0..* (or just *) Zero or many entity occurrences

1..* One or many entity occurrences

5..10 Minimum of 5 up to a maximum of 10 entity
OCCUITeNCes

0, 3, 6-8 Zero or three or six, seven, or cight entity

oCccurrences

www.educlash.com




Multiplicity

[1Made up of two types of restrictions on
relationships:

cardinality
and participation
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Multiplicity

[1 Cardinality

Describes the number of possible relationships for
each participating entity.

1 Participation

Determines whether all or only so
occurrences participate in a re
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Multiplicity as cardinality and
participation constraints

‘A single branch is ‘A single member
managed by a single of staff manages a
member of staff’ single branch’
Staff Manages i Branch
statfNo L. il branchNo

‘All branches are managed’ ‘Not all statf manage branches’
(mandatory participation) (optional participation)

R ———————
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Relationship Cardinalities

Ais related to one and only one B

A is related to zero or one B

A is related to one or more B

A is related to zero, one or more B

A is related to more than one B
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Design Issues

[1 Use of entity sets vs. attributes
Choice mainly depends on the structure of the enterprise being
modeled, and on the semantics associated with the attribute in
guestion.

[1 Use of entity sets vs. relationship sets
Possible guideline is to designate a relationship set to describe an
action that occurs between entities

[1 Binary versus n -ary relationship sets

Although it is possible to replace any nonbinan
relationship set by a number of distinct binas
ary relationship set shows more clee
participate in a single relationshig

|acement of relationsh#r™c
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Weak Entity Sets

[1 An entity set that does not have a primary key is referred to as a weak
entity set .

[1 The existence of a weak entity set depends on the existence of a
identifying entity set
[1 it must relate to the identifying entity set via a total, one-to-many
relationship set from the identifying to the weak entity set
[1 ldentifying relationship depicted using a double diamond

[1 The discriminator (or partial key) of a weak entity set is the
that distinguishes among all the entities of a weak enti

The primary key of a weak entity set is formed b
strong entity set on which the weak entity
the weak entity setls discriminator.
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Weak Entity Sets (Cont.)

1 We depict a weak entity set by double rectangles.

[0 We underline the discriminator of a weak entity set with a
dashed line.

[ payment_number [discriminator of the payment entity set
0 Primary key for payment [ (loan_number, payment_number)

o R e < paymenl_dale
loan_number (Aot 3 T —— —_—
- il - L g
\\ I,r‘ (\ilf?if_ffi‘i_fl_t_?‘_.‘I‘!ﬁr_.'r'ir_l{-:f’::{’) (‘:tﬁymwzf_mrmmﬂz’t
I3

loan loan pmpment paynent

N/ 7 \E \/7 ’
. ;, /\\;“\
\ ‘/i\ N

-,
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Weak Entity Sets (Cont.)

[1 Note: the primary key of the strong entity set is not explicitly
stored with the weak entity set, since it is implicit in the
Identifying relationship.

LI If loan_number were explicitly stored, payment could be made
a strong entity, but then the relationship between payment and
loan would be duplicated by an implicit relationship defin
the attribute loan_number common to payment an
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More Weak Entity Set
Examples

[1In a university, a course Is a strong entity and a
course_offering can be modeled as a weak entity

[1 The discriminator of course_offering would be
semester (including year) and section_number (if
there Is more than one section)

1 If we model course_offering as a strong enti
would model course _number as an attu

Then the relationship with cour
the course_number attrib
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Extended E-R Features:
Specialization

[J Top-down design process; we designate subgroupings within
an entity set that are distinctive from other entities in the set.

[1 These subgroupings become lower-level entity sets that have
attributes or participate in relationships that do not apply to the
higher-level entity set.

[] Depicted by a triangle component labeled ISA (E.g. cu
15 allperson).

[1 Attribute inheritance [la lower-level entl
attributes and relationship participati
set to which 1t is linked.
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Specialization Example

gPerson-tad o o wmawie L o stpeet T O clly 3
T o = -\._\__\_\_r'__'_.- = B "':—_\__,_ Loy
TR T S el

-
o

‘ person ‘

_,-f"_'--'-._'_ F .+'_\_-\-5"
¢ credit_rating

{*.'?IIF!U‘HF:'{" customer

afficer

o
X

R ol S howrs worked
"\-,\_-\-:—l"l _'__,.-'-'- < P e =

— —_ o e
<Station_numbery < hvirs_worked >
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Extended ER Features:
Generalization

[1A bottom -up design process [lcombine a
number of entity sets that share the same
features into a higher-level entity set.

[1Specialization and generalization are simple
iInversions of each other; they are repres
In an E-R diagram in the same w

[1The terms specialization a
sed interchangeabl
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Specialization and Generalization

[1 Can have multiple specializations of an entity set
based on different features.

[1 E.g. permanent_employee vs. temporary_employee,
In addition to officer vs. secretary vs. teller

[1 Each particular employee would be

[1a member of one of permanent_employee or
temporary _employee,

[1and also a member of one of offie
teller

[1 The ISA relationship &

subclass relatieaship
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Design Constraints on a
Specialization/Generalization

[1 Constraint on which entities can be members of a given lower-level entity
set.

[1 condition-defined

[1 Example: all customers over 65 years are members of senior-citizen
entity set; senior-citizen ISA person.

[1 user-defined

[1 Constraint on whether or not entities may belong to more than one low
level entity set within a single generalization.

[] Disjoint
[1an entity can belong to only one lower-le
[1Noted in E-R diagram by writing disj

[1 Overlapping

Jan entity can belgne
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Design Constraints on a
Specialization/Generalization (Cont.)

[1Completeness constraint -- specifies whether
or not an entity in the higher-level entity set
must belong to at least one of the lower-level
entity sets within a generalization.

[Itotal : an entity must belong to one of the |
evel entity sets

[Ipartial : an entity need not bel
ower-level entity sets

www.educlash.com




Aggregation

Consider the ternary relationship works_on, which we saw earlier

Suppose we want to record managers for tasks performed by an
employee at a branch

et ployee o branch

Ff!ﬂ?!ﬂgﬁi"
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Aggregation (Cont.)
[1 Relationship sets works_on and manages represent overlapping
information
[1 Every manages relationship corresponds to a works_on relationship

[ However, some works_on relationships may not correspond to any
manages relationships

[1So we canlildiscard the works_on relationship

[1 Eliminate this redundancy via aggregation

[ Treat relationship as an abstract entity

[1 Allows relationships between relationships

[1 Abstraction of relationship into new entity
[1 Without introducing redundancy, the following dig
[1 An employee works on a particular jol
[1 An employee, branch, job combis

www.educlash.com




E-R Diagram With Aggregation

eimployee wkﬂ_o 1 branch

INARATESs

Mt gey
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Summary ot Symbols Used In

Notation
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RELATIONAL MODEL
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A Logical View of Data

[1Relational model

[1Enables us to view data logically rather than
physically
[JReminds us of simpler file concept of data storage

[1Table
[IHas advantages of structural and date

Independence
‘Resembles a file from
b Easier to und -

N O qu.;.-‘-:.-.'::l‘
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Tables and Their Characteristics

[1Table: two-dimensional structure composed of
rows and columns

[1Contains group of related entities an entity
set

[ITerms entity set and table are often used
Interchangeably

[ Table also called a relatio
elational model(s cr
IQN as
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Example of a Relation

account_number | branch_name | balance
A-101 Downtown 500
A-102 Perryridge 400
A-201 Brighton 900
A-215 Mianus 700
A-217 Brighton 750
A-222 Redwood 700
A-305 Round Hill Sl

N —a
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Basic Structure

Formally, given sets D,, D,, [I D, a relation ris a subset of

D, x D, xx D,
Thus, a relation is a set of n-tuples (a,, a,, [l a,) whereeacha, D,
Example: If

customer_name = {Jones, Smith, Curry, Lindsay, [}
[* Set of all customer names */

customer_street = {Main, North, Park, I /* set of all street names#
customer_city = {Harrison, Rye, Pittsfield, ] /* set of &

Thenr=/{ (Jones, Main, Harrison),
(Smith, North, Rye),
(Curry, North, Rye),
(Lindsay, Park, Piitsfie

P IS a relation over
(Y)Y )2 - 1
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Attribute Types

Each attribute of a relation has a name

The set of allowed values for each attribute Is called
the domain of the attribute

Attribute values are (normally) required to be
atomic ; that is, indivisible

E.g. the value of an attribute can be an account number,
but cannot be a set of account numbers

Domain is said to be atomic if all its membe
atomic

The special value null is a membg

The null value causes complie
of many operations

We shall igno
\ QALESENLAHOT C
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Characteristics of a Relational
Table

TABLE 2.1 CHARACTERISTICS OF A RELATIONAL TABLE

1 Atable is perceived as a two-dimensional structure composed of rows and columns.
2 Each table row (tuple) represents a singe entity occurrence within the entity set.
3 Each table column represents an attrbute, and each column has a distinct name.

4 Each row/column intersection represents a single data value.
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