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Chapter Objectives e

Learn the conceptual foundation of the relational model
Understand how relations differ from non-relational tables
Learn basic relational terminology

Learn the meaning and importance of keys, foreign keys, and
related terminology

Understand how foreign keys represent relationships
Learn the purpose and use of surrogate keys

Learn the meaning of functional dependencies

Learn to apply a process for normalizing relations

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
Department of Electronic Systems
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Entity

€spyenr®

An entity is something of importance to a user that needs to be
represented in a database
An entity represents one theme or topic

In an entity-relationship model (discussed in Chapter 4), entities
are restricted to things that can be represented by a single table

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
Department of Electronic Systems
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Relation

€spyenr®

® A relation

is a two-dimensional table that has specific
characteristics

® The table dimensions, like a matrix, consist of rows and columns

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
Department of Electronic Systems
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Characteristics of a Relation E5p,e00

Rows contain data about an entity

Columns contain data about attributes of the entity
Cells of the table hold a single value

All entries in a column are of the same kind

Each column has a unique name

The order of the columns is unimportant

The order of the rows is unimportant

No two rows may be identical

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
Department of Electronic Systems
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A Sample Relation

Attributes

N\

EmployeeNumbzer “FirstName LastName

Enti
"Y_ 00

Mary Abernathy

101

Jerry Cadley

104

Alex Copley

107

Megan Jackson

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
Department of Electronic Systems
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Example Csmsen®
EmployeeNumber |LastName |Email Department |DeptPhone
100 Johnson JJ@somewhere.com |Accounting 834-1100
200 Abemathy |MA@somewhere.com |Finance 834-2100
300 Smathers  |LS@somewhere.com |Finance 834-2100
400 Caruthers  |[TC@somewhere.com |Accounting 834-1100
500 Jackson TJ@somewhere.com |Production 834-4100
600 Caldera EC@somewhere com |Legal 834-3100
700 Bandalone |RB@somewhere com |Legal 834-3100
| Is this a Relation or Not
Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
Department of Electronic Systems 2-7
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A Nonrelation Example Copsen®
EmployeeNumber Phone LastName
100 335-6421, Abernathy
454-9744
101 215-7789 Cadley
104 610-9850 Copley
107 299-9090 Jackson
Why this is non-relation ?
Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain 2_8

Department of Electronic Systems




KROENKE and AUER - DATABASE CONCEPTS (4™ Edition) © 2010 2008 Pearson Prentice Hall

A Nonrelation Example Sonere

Why this is non-relation 7

EmployeeNumber Phone LastName
100 335-6421 Abernathy
101 215-7789 Cadley
104 610-9850 Copley
100 335-6421 Abernathy
107 299-9090 Jackson

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
Department of Electronic Systems
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Example
[Enplaysshumbar Fid T b o S

100 Jerry Johnsan Accounting Jg@somewhere com  |236-9987
200 Mary Abemathy Finance MG somewhere.com | 444-8393
300 Liz Smathers Finance LS@somewhere.com [ 777-0098
400 Tom Carnuthers Accounting TC@somewhere.com 2369987
Fax: 236-9387

Home: |655-7171

S00 Tom Jackson Production Th@somewhere.com  444-5980
600 Eleanora Caldera Lagal EC@szomewhere com 7670900
Fax: | 236-9387

Home; 555-7171

700 Richard Bandalone Legal RB@sormewhere.com | 767-0900

Is this a Relation or Nat

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
Department of Electronic Systems
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Example Somsen®
EmployecHumber FirsiName LasiName Department Emall Phone Comment
Jemy Jahnzon Accounting Ji@somewhere.com (2368937 |Joined the Accounting Department in

amplating his MBA at
night. Will sit for CPA exam this fall

200 Mary Abernathy Finance MG somewhero com |444-E838
300 Liz Smathars |Financa LE@somewhare.com |777-0038
400 Tom Canithers Accounting TCiEsomewhare.com |236-0937
00 Tom Jackson | Production omewhere.com | 444-5930
E00 Eleanare Caldera Legal EC@somewhere.com |767-0900
700 Richard Eandalone Legsl R3@somawhere.com |767-0900 |ls a full time consultand lo legal cn a

relainer basis,

Is this a Relation or Not

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain 211
Department of Electronic Systems -
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Terminology

Synonyms...

Table Row Column
File Record Field

Relation Tuple Attribute

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
Department of Electronic Systems 2-12
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A Key Esgyee®

® A key is one (or more) columns of a relation that is (are)
used to identify a row.

Unique
or

Nonunique

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain 2.13
Department of Electronic Systems -
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Uniqueness of Keys Csnen0
Unique Key Non-unique Key

Data value is unique for each row. | Data value may be shared among
several rows.

Consequently, the key will Consequently, the key will identify
uniquely identify a single row. set of rows.

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
Department of Electronic Systems 2-14
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Key Example Eonuen®

EMPLOYEE (EmployeeNumber, LastName, Department, Email, Phone)
EmployeeNumber |LastName |Email Department |DeptPhone
100 Johnson JJ@somewhere com |Accounting 834-1100
200 Abemathy |MA@somewhere.com |Finance 834-2100
300 Smathers |LS@somewhere.com |Finance 834-2100
400 Caruthers  |[TC@somewhere.com |Accounting 834-1100
500 Jackson TJ@somewhere.com |Production 834-4100
600 Caldera EC@somewhere.com |Legal 834-3100
700 Bandalone |RB@somewhere.com |Legal 834-3100
Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain 2.15

Department of Electronic Systems
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A Composite Key Copuen®

® A composite key is a key that contains two or more attributes

® For a key to be unique, often it must become a composite key

EmployeeNumber |LastName |Email Department |DeptPhone
100 Johnson JJ@somewhere com |Accounting §34-1100
200 Abernathy [MA@somewhere.com |Finance 834-2100
300 Smathers  [LS@somewhere.com |Finance 834-2100
400 Caruthers  [TC@somewhere.com |Accounting 834-1100
500 Jackson TJ@somewhere.com |Production §34-4100
600 Caldera EC@somewhere com |Legal §34-3100
700 Bandalone |[RB@somewhere com |Legal 834-3100

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
Department of Electronic Systems
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. Eopyen®
Composite Key Example
To identify a family member, you need to know
FamilyiD, FirstName, and a Suffix (e.g., Jr.)
The composite key is:
(FamilylD, FirstName, Suffix)
One needs to know the value of all three columns to
uniquely identify an individual.
Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
Department of Electronic Systems 2-17
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A Candidate Key Copuen®

® A candidate key is called “candidate” because it is a candidate to
be selected as key (primary).

® A candidate key is a unique key.

EMPLQOYEE (EmployeeNumber, FirstName, LastName, Department, Email, Phone)

EmployeeNumber, Email,

(FirstName, LastName, Department)

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
Department of Electronic Systems 2-18
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A Primary Key Sonere

® A primary key is a candidate key chosen to be the main key for the
relation.

® If you know the value of the primary key, you will be able to
uniquely identify a single row.

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain

Department of Electronic Systems 2-19
LU
KROENKE and AUER - DATABASE CONCEPTS (4' Edition) © 2010 2008 Pearson Prentice Hall o %
Sl *
Task performed by a Primary Key Cop.en®

The primary key is used for the following 4 tasks;

1. First, it is used to uniquely identify the rows in a table.
2. Second, it is used to represent rows in relationships.

3. Third, most DBMS products use the values of the primary key to organize
the storage of the relation.

4. Finally, primary keys are used in indexes and other structures to improve
performance for search operations.

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
Department of Electronic Systems 2-20
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Defining the Primary Key in Microsoft Access

Primary Key buton | %% = e

The key symbol
indicates which
column or columns
are being used as
the primary key

Cesanprion
A surrogute ey for the CUSTOMER table

CUSTOMIN Lart Nama.

CUATOMER Furvt Nama

Lo

Hegatian Pase

e g e

Ideses ar b Dt

e v ¥8 2 et e = o

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
Department of Electronic Systems
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Defining the Primary Key in Microsoft SQL Server 2005

1 Micrzoom 13, e Uemagemas Iute
Primary Key button } T T gy ——r—

The key symbol
indicates which
column or columns
are being used as
the primary key

The Identity
Increment setting
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The Identity Seed
setting
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Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
Department of Electronic Systems
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A Surrogate Key

E5pyEr®

® A surrogate key is a unique, numeric value that is added to a
relation by the DBMS to serve as the primary key.

hidden on forms, queries and reports.

Surrogate key values have no meaning to users and are usually

® A surrogate key is often used in place of a composite primary key.

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain

Department of Electronic Systems
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Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain 2.2
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More on Surrogate Key

A surrogate key is an artificial key that is created to act as the
primary key for a relation.

The surrogate key is a unique, numeric value that is appended to
the relation (by DBMS).

Surrogate keys are used in situations when no suitable primary key
exists within the user data, or when all available primary keys
within the data are too cumbersome for an efficient design.

Surrogate key values have no meaning to the users and are
normally hidden on all forms, reports, and displays. Most DBMS
products have the ability to automatically generate values for
surrogate keys as needed.

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain

Department of Electronic Systems 2-25
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Surrogate Key Example s

If the Family Member primary key is FamilylD, FirstName,
Suffix, it would be easier to append and use a surrogate key of
FamMemberlD.

FamilyiD, FirstName and Suffix remain in the relation.

PROPERTY (Sireet, Cily, State, Zip, OwneriD)

Primary key is long and non-numeric.

PROPERTY (PropertyiD, Sireet, Cily, State, Zip, OwneriD)

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
Department of Electronic Systems 2-26
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Relationships Between Tables

® A table may be related to other tables
®  For example:

» An Employee works in a Department
» A Manager controls a Project

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
Department of Electronic Systems
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A Foreign Key

table.

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
Department of Electronic Systems

® To preserve relationships, you may need to create a foreign key.

® A foreign key is a primary key from one table placed into another

® The key is called a foreign key in the table that received the key.

14
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Foreign Key Example I e
Project Manager
ProjiD Primary Key|\qp
ProjName MgrName
—
MgriD Foreign Key
O D S epartment of Hiectronic Sysieme. - 2-29
KROENKE and AUER - DATABASE CONCEPTS (4' Edition) © 2010 2008 Pearson Prentice Hall QG\"WF
Foreign Key Example II Csnen0
Department Employee
DeptiD Primary Key EmplD
p —_— p
DeptName i DeptID
Foreign Key
Location EmpName

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
Department of Electronic Systems

15
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Referential Integrity

® For example (see previous slide)

® Referential integrity states that every value of a foreign key
must match a value of an existing primary key

» If EmpID = 4 in EMPLOYEE has a DeptID = 7 (a foreign
key), a Department with DeptID
DEPARTMENT

= 7 must exist in

» The primary key value must exist before the foreign key
value is entered.

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain

Department of Electronic Systems 2-31
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Foreign Key “opsen®
Department Employee
DeptiD = 7 Primary Key EmpID =4
DeptName \ DeptIlD =7
Foreign Key
Location EmpName
Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
Department of Electronic Systems 2-32
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N s . ce s . Esper®
4 Referential Integrity in Microsoft Access
&
=
Custamerhame
Fhone
ENROLLMENT
Customerbumber
Coursefiumber
AmountPaid
Edit Relationships
TablejQuery: Related Table/Query:
| cusTorER, | ENROLLMENT ~|
Customerumber | Customerhumber =
8
v
Enforce Referential Intearity
[[]cascade Lipdste Related Fislds
[]cascade Delete Related Records
Relationship Type:  One-To-Many
Identify Primary & Foreign Key
Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain 2.33
Department of Electronic Systems -
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& Foreign Keys in e
3 Microsoft SQL Sexver 2005
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Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
Department of Electronic Systems 2-34
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Foreign Keys in
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Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
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The Null Value €55,600

® A Null value means that no data was entered

® This is different from a zero, space character or tab character

ItemNum ItemName Color Quantity
100 Small T-Shit  Red 15
150 Small T-Shit | Blue 5
200 Small T-Shit Green 7
300 Med T-Shid Red 8
400 Spring Hat 5

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
Department of Electronic Systems 2-36
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The Problem of Null Values €55,600

® A Null is often ambiguous. It could mean...
» The column value is not appropriate for the specific row
» The column value is not decided

» The column value is unknown

® Each may have entirely different implications

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain

Department of Electronic Systems 2-37
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Functional Dependency

table

® llustration...

® A relationship between attributes in which one attribute (or group
of attributes) determines the value of another attribute in the same

» The price of one cookie can determine the price of a box of 12 cookies,
so the BoxPrice is dependent on quantity & Unit price of Cookie.

(CookiePrice, Qty) — BoxPrice

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
Department of Electronic Systems 2-38
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Determinants

® The attribute (or attributes) that we use as the starting point (the
variable on the left side of the equation) is called a determinant

(CocokiePrice, Qty) —— BoxPrice

Determinant

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain

Department of Electronic Systems 2-39
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Candidate/Primary Keys and Functional Dependency “ue

® By definition...

attributes in the row

attributes in the row

Likewise, by definition...

A candidate key of a relation will functionally determine all other

A primary key of a relation will functionally determine all other

i[ ployeeNumk FirstN LasiN Department Email

| 100 Jerry Johnson Accounting Jh@somewhere com

| 200 Mary Abernathy Finance MA@ somewhere.com
| 300 Liz Smathers |Finance LSg@somewhere com

| 400 Tom Caruthers |Accounting TC@somewhere.com

| 500 Tomn Jackson |Production ormewhere.com

i Z0] Eleanore Caldera Legal @somewhera.com
L 00 |Richard _|Bandalone  |Legal 'RE@somewhere.com

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain

Department of Electronic Systems

2369367

1767-0900

Phone

236-9987
4448398
777-0098

444-9580
767-0900

20
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Primary Key and Functional Dependency Example <sue

{EmployeelD) > {EmplLastName, EmpPhane}

(ProjectlD) ———— (ProjeciName, StartDate)

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain

Department of Electronic Systems 2-41
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Relation & Data €sp R0

\

OBJECT (ObjectColor, Weight, Shape)

Object Color Weight Shape
Red 5 Ball
Blue 3 Cube
Yellow 7 Cube

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
Department of Electronic Systems 2-42
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Primary & Candidate Key (Formal Definition)  suere

\

This actually means that primary key is “one or more atiributes
which can functionally determine all other aftributes of the

refation”.
Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
Department of Electronic Systems 2-43
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Normalization
® Functional Dependencies and determinants can be used to form
relations.
® A process of analyzing a relation to ensure that it is wel/ formed.
® More specifically, if a relation is normalized (well formed), rows can
be inserted, deleted or modified without «creating update
anomalies.
® Normalization is a complex topic.
°

Requirement is that: A Table or Relation should have one theme.

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain

Department of Electronic Systems
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Normalization ’

ADVISER LIST (AdviserID, AdviserName, Department,
Phone, QOffice, StudentlID, StudentName)

StudentID . (AdviserID, AdviserName, Department,
Phone, Office, StudentName)

AdviserID - (AdviserName, Department, Phone, Office)

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain

Department of Electronic Systems 2-45
KROENKE and AUER - DATABASE CONCEPTS (4' Edition) © 2010 2008 Pearson Prentice Hall ot ”'%
‘
o~y
E5pe00

Normalization Principles

Relational design principles for normalized relations:

» To be a well-formed relation, every determinant must be a candidate key

> Any relation that is not well formed should be broken into two or more
well-formed relations.

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain

Department of Electronic Systems
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Normalization Process

® Identify all Candidate Keys of the relation.
® Identify all the functional dependencies in the relation.
® Examine the determinants, if any determinant is not a candidate key

then obviously it is not a welformed relation, so:

> Place the columns of the functional dependencies in a new relation of their

own.

v

the new relation.
Leave a copy of the determinant as a foreign key in the original relat

Create a referential integrity constriants between original relation
relation.

Y VYV

® Repeat previous step until every determinant of every relation is a

candidate key.

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
Department of Electronic Systems

Make the determinant of the functional dependency the primary key of

ion.
new
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Normalization Example
StudentN StudentN DormName DormCost
100 Smith Stephens $3,500.00
200 Johnson Alexander $3,800.00
300 Abemathy Haoran $4,000.00
400 Smith Alexander $3,800.00
500 ‘Wilcox Stephens $3,500.00
BO0 ‘Webber Horan $4 000.00
700 Simon Stephens $3.500.00
{StudentNum) ————> (StudentName, DormName, DormCaost)
However, if.._
{DarmName) ——> (DormCost)
Then DormCost shouid be placed into its own relation, resulting in the
relations:
{StucdentiD) ——> (StudentName, DormName)
{DormName) —_ (DormCosi)
Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain 2_48

Department of Electronic Systems
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Normalization Example
StudentNum  StudentN DormN DormName DormCost
100 Smith Stephens Stephens §3 500.00
200 Johnson Alexander Alexander §3,800.00
300 Abemathy Horan Horan $4 000.00
400 Smith Alexander
500 ‘Wilcox Stephens
600 ‘Webber Horan
700 Simon Stephens
Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
Department of Electronic Systems 2-49
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Normalization Example
Attorney ClientNumk ClientN MeetingDate Duration
Boxer 1000 ABC, Inc 552006 2.00
Boxer 2000 II7 Partners 5/5/2006 5.50
James 1000 ABC, Inc 572006 3.00
Boxer 1000 ABC, Inc 5/9/2006 4,00
W 3000 Malcomb Zoe 5/11/2006 7.00

{Attorney, ClientNumber)
However, if...

{ClientNumber)

—> (ClientName, MeetingDate, Duration)

—> (ClientName}

Then ClientName should be piaced into its own relation, resulting in the

refations:

(AttorneylD,ClientiD) —> (ClientName, MeetingDate, Duration)

{ClientiD} ——> (ClientName)

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
Department of Electronic Systems
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Normalization Example

E5pyEr®

Cl o] 4D Duration
Boxer 1000 5/52006 200
Boxer 2000 5452006 550
James 1000 5772006 3.00
Boxer 1000 £/9/2006 400
Wil 3000 51172006 7.00

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain

ClientNumber ClientName

1000 ABC, Inc

2000 I77 Partners
3000 Malcomb Zoe
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Y. ° E5pyEr®
Modification Problem
PrescriptionNumber Date Drug Dosage  Custs Name Cust: Phone Cust: Email
P10001 10/17/2006 DrugA 10rnyg Alvin Srnith a75.323. 2233 ASmithf@somewhere. com
P10003 10/17/2006 DrugB 35my Jeff Rhodes 575,334 4455 JRhodesi@somewhere.com
P10004 10/17/2008 DrugA 20my Sarah Srnith 575,323 2233 SSmith@@somewhers. corm
P10007 10/18/2006 DrugC 20y Michael Frye 575,345 6677 MFrvedelsewhere. com
P10010 10/18/2008 DrugC 25my Jeff Rhodes 575.334. 4455
Cust: Name Cust Phone Cust Email
Alvin Srnith 575.323.2233 ASmith@ somewhere. com
Jeff Rhodes 676 334 4455 JRhodes@somewhers com
Sarah Srith 575.323.2233 SEmith@ sarmewhere. corm
Michagel Frye 575345 6677 MFrye@Eelzewhere com
Jeft Rhodes 575.334.4455 JRhodesgsomewhere. corm
PresciiptionNumber Date Diug Dosage  CustomerEmail
P10001 101772006 DrugA 10my ASmith@somewhere com
P10003 10/1772006 DrugB 35my JRhodes@somewhere. com
P10004 10A1772006 DrughA 20y SSmith@somewhere com
P10007 10/18/2006 DrugC 20mg MF rye@elsewhere.com
P10010 10/18/2006 DrugC 25mg JRhodes@somewhere. com
Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
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