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Chapter Objectives nse

Learn the basic stages of database develepment, understand the
purpose and rale of a data model

®* Know the principal components of the E-R data mode! and how to
construct E-R diagrams

*  Understand how to interpret traditional E-R diagrams

* Understand how fa interpret Information Engineering (IE) Crow’s Font
E-R diagrams

[ 3

Know how to represent 1:1, 1:N, N:M, and binary relationships with the
E-R model

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

(Continued) J

*  Understand two types of weak entities and know how to use them

* Understand non-identifying and identifying relationships and know how
to use them

®*  Knew how to represent subtype entities with the E-R model

®  Know how to represent recursive relationships with the E-R mode!

.

Learn hew to create an E-R diagram from saurce decuments

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain 4-3
Department of Electronic Systems -
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Three Stages of
E5pyER®

Database Development

® Reguirements Stage
® Design Stage

® Implementation Stage

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain 4-4
Department of Electronic Systems B
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The Requirements Stage S

® Sources of requirements:

. User Interviews
. Forms

. Reports

. Queries

. Use Cases

. Business Rules

oW R WM e

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

Department of Electronic Systems 4-5
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Reguirements Become the E-R Data Model

®* After the reguirements have been gathered, they are
transformed into an Entity Relationship (E-R) Data
Madel

L

E-R Models consist of:

Entities
Attributes
Identifiers
Relatienships

ol

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain 4.6
Department of Electronic Systems -
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Entity Class versus Entity Instance

format of the occurrences of the entity

entity within an entity class

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

® An entity class is a description of the structure and

® An entity instance is a specific occurrence of an

4-7
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Entity Class and Entity
Instance

E5pyER®

ITEM

ItemNumber
Description

Cost

ListPrice
QuantityOnHand

Entity Class

1100 2000

100 amp panel Door handle set
$127.50 $52.50

$170.00 $39.38

14 0

Two Entity Instances

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

characteristics:

Projectiame
StartDate
ProjectType

AC S |

Al

ProjectDescription

® Entities have attributes that describe the entity's

® Attributes have a data type and properties

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

Department of Electronic Systems 4-9
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Identifiers Ssnsee

® Entity instances

the entity class:

» StudentID
» EmployeelD

» SocialSecurityNumber

have identifiers

® An identifier will identify a particular instance in

2000 >

Door handle set
$52.50

$39.38

0

Department of Electronic Systems

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
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Identifier Types Sspsee
2000
® i Door handle set
Unigueness: $52.50
$39.38
0
~ Identifiers may be unigue er non-unigue

must be unigue for 2ll instances

* Composite:

~ If the identifier is unigue, the data value for the identifier

~ A compaosite identifier consists of 2 or more attributes

v e.g., GrderNumber & LineltemNumber are both required

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain 4-11
Department of Electronic Systems -
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Level of Entity Attribute Display

(a) Entity with All
Atftributes

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

ITEM ITEM

ltemNumber ItemNumber ‘ ITEM

gesfripﬁc’“ (b) Entity with (c) Entity with No

LiZtSPrice Identifier Attributes
Attribut

QuantityOnHand HEHSE
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Relationships

relationships

classes participating in the relationship:

» Degree 2 is a binary relationship
~ Degree 3 is a ternary relationship

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

Entities can be associated with one another in

Relationship degree defines the number of entity

Department of Electronic Systems 4-13
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Degree 2 Relationship: Pt
Binary
SUPPLIER
SUPPLIER-
QUOTATION
QUOTATION

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain 4-14

Department of Electronic Systems
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Degree 3 Relationship: o<
Ternary

MOTHER FATHER

PARENT

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain 4-15
Department of Electronic Systems -
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One-to-One Binary Relationship @

3 U'N_rv%
E

* 1:1 (one-to-one)

» A sinale entity instance in one entity class is
related to a single entity instance in another entity
class:

¥ An employee may have no more than one locker; and
¥ A locker may only be accessible by one employee

LOCKER-ASSIGNMENT

EMPLOYEE }—@—{ LOCKER

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain 4-16
Department of Electronic Systems -
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One-to-Many Binary Relationship

® 1:N (one-to-many)

-~ A single entity instance in one entity class is related
to many entity instances in another entity class:

¥ A quotatian is associated with only one item; and
v An item may have several guotations

ITEM-QUOTE

ITEM }—@—{ QUOTATION

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain 4-17
Department of Electronic Systems "
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Many-to-Many Binary Relationship s

® N:M (many-to-many)

» Many entity instances in one entity class is related to
many entity instances in another entity ctass:

¥ A supplier may supply several items; and
v A particular item may be supplied by several suppliers

ITEM-SOURCE

ITEM }—@—{ SUPPLIER

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain 4-18
Department of Electronic Systems -
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Maximum Cardinality Esp pn®

* Relationships are named and classified by their
cardinality, which is a word that means count.

Each of the three types of binary relationships shown
above have different maximum cardinafities.

Maximum cardinality is the maximum number of entity
instances that may participate in a relationship
instance—one, many or some other fixed number.

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

Department of Electronic Systems 4-19
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Minimum Cardinality Sopyer®

® Minimum cardinality is the minimum number of
entity instances that must participate in a
relationship instance.

® These values typically assume a value of zero
(optional) or one (mandatory)

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

Department of Electronic Systems 4-20
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Cardinality Example €onser®

Maximum cardinality is many for both ITEM and
SUPPLIER

Minimum cardinality is zero (optional) for ITEM and
one {mandatory)} SUPPLIER

~ A SUPPLIER does not have to supply an ITEM
» An ITEM must have a SUPPLIER

ITEM-SOURCE
ITEM [e—N:M | SUPPLIER
Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain 4-21

Department of Electronic Systems

KROENKE.and AUER - DATABASE CONCEPTS (4" Edition) © 2010 2008 Pearson Prentice Hall 390“6 ‘;" @q%
Entity-Relationship Diagrams Suird

® The diagrams in previous slides are called entity-
relationship diagrams:

~ Entity classes are shown by rectangles
~ Relationships are shown by diamonds
~ The maximum cardinality of the relationship is shown

inside the diamond

~ The minimum cardinality is shown by the oval or hash

mark next to the entity
~ The name of the entity is shown inside the rectangle
~ The name of the relationship is shown near the diamond

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain 4-22
Department of Electronic Systems B
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HAS-A Relationships

T

E5pyER®

HAS-A relationships.

a relationship to a second entity instance:

» An employee has a badge

~ A badge has an employee

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

® The relationships in the previous slides are called

® The term is used because each entity instance fas

Department of Electronic Systems 4-23
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Types of
E5pyER®

Entity-Relationship Diagrams

is sometimes called the crow's foot model.

the E-R model that is a national standard.

pragrams (O0OP) and applications.

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

® Information Engineering (IE) [James Martin 1990] - Uses
“crow’s feet” toc show the many side of a relationship, and it

Integrated Definition 1, Extended 3 (IDEF1X) is a version of

Unified Modeling Language (UML) is a set of structures and
techniques for modeling and designing object-oriented

12
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Crow’s Foot Symbols Sonee
Symbol Meaning
‘—H* One—Mandatory
4’—< Many—Mandatory
40—[— One—Optional
—O—< Many—Optional
Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
Department of Electronic Systems 4-25
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Crow’s Foot Example:

One-to-Many Relationship

DEPARTMENT

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

Department of Electronic Systems

| EMPLOYEE

(a) Criginal E-R Model Version

DEPARTMENT s

(b) Crow’s Foot Version

< EMPLOYEE

13
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et

Crow’s Foot Example:
Many-to-Many Relationship

EMPLOYEE N:M | SKILL

(a) Original E-R Model Version

EMPLOYEE P F< SKILL

(b) Crow’s Foot Version

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

Department of Electronic Systems 4-27
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Weak Entity Ssmgee®

® A weak entity is an entity that cannot exist in the
database without the existence of another entity.

* Not surprisingly any entity that is not a weak entity
is called a strong entity.

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain 428
Department of Electronic Systems B
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ID-Dependent Weak Entities S
* An ID-Dependent weak entity is a weak entity that
cannot exist without it's parent entity.
* An ID-dependent weak entity has a composite identifier:
» The first part of the identifier is the identifier for the strong entity
» The second part of the identifier is the identifier for the weak entity itself
Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
Department of Electronic Systems 4-29
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ID-Dependent Weak Entity Examples — %=

BUILDING PRODUCT TEXTEOOK
BuildingName ProductName Title
StreetAddress OperatingSystem Author
City DevTeamEmail Publisher
State DevTeamPhone
ZIP

M

VERSION EDITION _
Title

ProductName
ersionNumber EditionNumber
NumberOfBedrooms ReleaseDate ISBN
NumberOfBaths MemoryRequired CopyrightDate
ManthlyRent DiskSpaceRequired NumberOfPages
(a) APARTMENT is (b) VERSION is (c) EDITION is
ID-Dependent on ID-Dependent on |D-Dependent on
BUILDING PRODUCT TEXTBOOK
Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
Department of Electronic Systems 4-30
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Weak Entity Relationships S

® The relationship between a strong and weak entity is
termed an identifying relationship if the weak entity is
ID-dependent:

» Represented by a salid line

®* The relationship between a strong and weak entity is
termed a non-identifying relationship if the weak entity
is non-ID-dependent:

~ Represented by a dasfied line
» Also used between strang entities

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

Department of Electronic Systems 4-31
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Weak Entity Identifier: P

Non-ID-dependent

® All ID-dependent entities are weak entities, but
there are other entities that are weak but not ID-
dependent.

®* A non-1D-dependent weak entity may have a single
or compaosite identifier, but the identifier of the
parent entity will be a foreign key.

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

Department of Electronic Systems 4-32
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Non-ID-Dependent Weak Entity
Examples
AUTO_MODEL AUTO_MODEL
Manufacturer Manufacturer
Model Model
Description Description
NumberOfPassengers NumberOfPassengers
EngineType EngineType
RatedMPG RatedMPG
-
VEHICLE VEHICLE
Manufacturer
adsl DateManufactured
ManufacturingSegMumber Color
DateManufactured DealerName
Color DealerCost
DealerName SalesDate
DealerCost SalesPrice
SalesDate
SalesPrice
—_— (b) Non-ID-Dependent
) Weak Entity
(a) ID-Dependent Entity
Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
Department of Electronic Systems 4-33
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) Strong and Weak Entity Examples
SALESPERSON PROJECT EATIENT
SalespersonlD Project|D PatientlD
SalespersonName ProjectName PatientName
Phone BudgetCode Ac_‘ldress
EmailAddress Description Sty
State
== zIP
| =
;
ORDER ASSIGNMENT EHESCHIELON
OrderlD ProjectiD Prescription|D
CustomerName AssignmentlD PrescriptionDate
OrderDate StartDate PrescriptionText
OrderSubtotal EndDate isGenericDrugAllowed
OrderTax BudgetAmount
OrderTotal ActualAmount (c) PRESCRIPTION is a
Non-ID-Dependent
(a) ORDER is a Strong (b) ASSIGNMENT is an Weak Entity
Entity |D-Dependent Entity
Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
Department of Electronic Systems 4-34
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Subtype Entities

E5pyER®

called its supertype.

® Subtypes can be exclusive or inclusive:

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

® A subtype entity is a special case of another entity

* An attribute of the supertype may be included that
indicates which of the subtypes is appropriate for a
given instance — This attribute is callegd a discriminator.

r If exclusive, the supertype relates toc at most one subtype

» Ilinclusive, Lthe supertype can relste to one or more subiypes

Department of Electronic Systems 4-35
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Subtype Entity Examples SSpuer®
STUDENT STUDENT
StudentlD
LastName LastName
FirstName FirstName
isGradStudent 7_
@ isGradStudent Q
UNDERGRADUATE GRADUATE HIKING_CLUB SAILING CLUB
‘StudentiD. [StudentiD [StudentiD StudentlD
HighSchoolGPA UndergraduateGPaA DateDuesPaid DateDuesPaid
ScoreOnSAT ScoreOnGMAT AmountPaid AmountPaid
(a) Exclusive Subtypes with Discriminator (b) Inclusive Subtypes
Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
Department of Electronic Systems 4-36
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Subtype Entity Identifiers S

®* The relationships that connect supertypes and subtypes
are called IS-A relationships because a subtype is the
same entity as the supertype.

®* The identifier of @ supertype and all of its subtypes is
the same attribute.

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

Department of Electronic Systems 4-37
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Recursive Relationships Esnsen®

® It is possible for an entity to have a relationship
to itself—this is called a recursive relationship

CUSTOMER
CustomerlD

LastName
FirstName
Address
City -0
State |
2P |
Phone |
Email |
|
|
|
|

REFERRED-BY

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain 4-38
Department of Electronic Systems B
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Developing an E-R Diagram S

* Heather Sweeney Designs will be used as an ongoing
example:

~ Heather Sweeney is an interior designer who specializes in
home kitchen design.

» She offers a variety of free seminars at home shows,
kitchen and appliance stores, and other public locations.

» She earns revenue by selling books and videos that instruct
people on kitchen design.

~ She also offers custom-design consulting services

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain 4-39

Department of Electronic Systems
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Heather Sweeney Designs: Cspuerd
The Seminar Customer List

Heather Sweeney Designs
Seminar Customer List

Date: October 11, 2008 Location: San Antonio Convention Center
Time: 11 AM Title: Kitchen on a Budget

Name Phone Email Address

Nancy Jacobs 817-871-8123 NJ@somewhere.com

Chantel Jacobs 817-871-8234 CJ@somewhere.com

Ralph Able 210-281-7687 RA @ somewhere.com

Etc.

L 27 names in all f"_ﬂ,f-"_' o ——
"‘-._____________ _________..-r-"'
Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain 4-40

Department of Electronic Systems
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Initial E-R Diagram II

e
Heather Sweeney Designs: E5pex©
Initial E-R Diagram I
SEMI_NAF{ ) CUSTOMER
7?2 is SEMINAR identifier 16 THle Earracts 2?22 is CUSTOMER identifier
Date LastName
Time H =< FirstName
Location Is this correct ? |Phone
_Tllle EmailAddress
Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
Department of Electronic Systems 4-41
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Heather Sweeney Designs: Cspuerd

SEMINAR

777 is SEMINAR identifier

Date
Time
Location
Title

CUSTOMER

777 is CUSTOMER identifier

LastName

FirstName
Phone
EmailAddress

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

4-42
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Heather Sweeney Designs: S ger
Initial E-R Diagram III
SEMINAR CUSTOMER
SeminarlD EmailAddress
Date LastName
Time —_————————— (< FirstName
Location Phone
Title
Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
Department of Electronic Systems 4-43
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Heather Sweeney Designs:
The Customer Form Letter

Heather Sweeney Designs
122450 Rockmway Road
Duallas, Texas 75227
872 2T3-6105

Ms. Nancy Jacobs
1400 West Palm Drive
Fort Worth, Texas 76110

Dear Ms. Jaccbs:

Thank you for aittanding my seminar “Kilchan cn a Budget™ at the San Antoriia Corvension
Centar, | hope that you found the seminar lopic interesting and halplul for your design
projects.

As a saminas attendse, you are ensSed 1o a 15 parcent discount on all of my video and
book products. | am enclosing a product catalog and | woukd séso like fo invike you 1o vist
our Wob sife ot wiw Bweanty.com,

Also, as | 1 tha saminar, | do provid design services 1o help you
crsate that jusi-perlect kiichen. In fact, | have o number of chents in the Fort Worih area.
Juist give me a call al my parsonal phone namber of 555-122.-4873 If you'd B to schadule
an appoiniment,

Thanks again and | kook forward 1o hearing from you!

Basl regards.

Hoathar Swoenoy

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

4-44
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Heather Sweeney Designs: iy

Data Model with CONTACT

SEMINAR CUSTOMER
SeminarlD EmailAddress
Date LastName
Time O < FirstName
Location Phone
Title

CONTACT
227 is CONTACT Identifier !
é ContactNumber :
< ContactType O :
Date
Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain 4-45

Department of Electronic Systems
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Heather Sweeney Designs: Sspere
Data Model with CONTACT as Weak Entity

SEMINAR CUSTOMER
SeminarlD EmailAddress
Date LastName
Time a¥ < FirstName
Location Phone
Title :

CONTACT
: EmailAddress
: Date

f (‘LleaclNumber O

ContactType

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain 4-46
Department of Electronic Systems B
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Heather Sweeney Designs: €snuee®
! Data Model with Modified CUSTOMER

SEMINAR CUSTOMER
SeminarlD EmailAddress
Date LastName
Time FirstName
Location O C-<| Phone
Title StreetAddress

City

& State

aP

: CONTACT !

i EmailAddress

: Date

H< Gontacthumber =
ContactType
Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain 4-47

Department of Electronic Systems
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Heather Sweeney Designs: Sspere
Sales Invoice

Hostar Swvarey Gaune rvsice Ha. 35000
Diains, Tenes. 7557

INVOICE
Customes [ e
heama [ s
Asdess 1] Elm i o i,
el B = = Stnia T o Fee
Prone  FRRSHYTUT | FoR
Dancrgtion i Prica | TOTAL |
1 |schen Remodeing lavcs - Vides 5 vy s
1 |shen Ramodeing flascs - Videa Companan 5w o

1 ety g3t

Shipgaeg [§ e
Poment [Toar Tas Aateis] l’ Arm T 511
Camemaem 1 TOTAL (% F150)

Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain 4-48
Department of Electronic Systems B
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Heather Sweeney Designs:

Department of Electronic Systems

E5pyER®
Data Model with INVOICE
SEMINAR CUSTOMER
SeminarlD EmallAddress
Date LastName
Time FlrstName
Location Phona
Title StreetAddress
City
_(L_ Slala
i 2P
! CONTACT o
i (EmailAddress i
! Date !
T, -, i
1 ContactNumber “ :
ContactTypa i
o
INVOICE A
InvoicaNumbar
InvoicaDate
PaymentType
Subtatal
Shipping
Tax
Total
I
Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
Department of Electronic Systems 4-49
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L3
Data Model with LINE ITEM
SEMINAR CUSTOMER
SeminarlD EmallAddress
Date LastName
Time a® = FirstName
Location Phone
Titla StreetAddress
City
E“; State
H ZIP
CONTACT
EmallAddress T
i Date
- ™ ContactNumber
\OontactType
o)
M
INVOICE LINE_ITEM
InvoiceMumber InwlceMNumber
InvoiceDate LineNumber
PaymentType : Quantity
Subtotal H—4 UnitPrice
Shipping Total
Tax —
Total
Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain 4-50
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Heather Sweeney Designs: Sapyere
-
Final Data Model
SEMINAR CUSTOMER
SeminarlD EmallAddress
Date | LastName
Time F—O 4 FirstNama
Location Phone
Titla StreetAddress
City
?ﬁ State
i i o
: CONTACT T
: EmallAddress T
: y Date |
" contactNumber < |
ContactType i
r'{,
INVOICE " LINE_[TEM PRODUCT
InvolceNumber (ImoiceNumber ProductNumber
InwlceDate LinaNumber Description
PaymantTypa i |+ Quantity 3 ---{4{ UnitPrice
gﬁg&‘% " unitprica QuantityOnHand
Tax Total
Total
Course: DE4, Course Teacher: Dr. D. M. Akbar Hussain
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Heather Sweeney Designs: Cspuerd

Attribute Specifications

®  Attribute specifications must be created for each entity.

® The attribute specifications for SEMINAR are shown as an

example.
Data Type

Column Name (Length)
SeminarlD AutoNumber
Date Date

Time Time
Location Varchar (100)
Title Varchar (100)

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

Key Required Default Value Remarks

Primary Key Yes DBMS supplied  Surrogate Key:
Initial value=1

No Yes None

No Yes None

No Yes None

No Yes None

Department of Electronic Systems
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Heather Sweeney Designs:
Business Rules and Model Validation

T

E5pyER®

Business rules may constrain the model and need to be

recorded:

» Heather Sweeney Designs has a business rule that no more
than one form letter or emzil per day is to be sent to a2

customer

After the data model has been completed, it needs to be

validated:

» Protatyping is commonly used to validate forms and reports

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