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Data Modeling — An Introduction
(cont..)




Data Modeling - An Introduction
(cont..)

* |s the process of creating a data model for the
data to be stored in a Database

* |s a conceptual representation of - data
objects, association between different data
objects, the rules

* Emphasizes on what data is needed and how
it should be organized instead of what
operations need to be performed on the data



Benefits of Data Modeling

Focusing on essentials

Ease of communication and understanding

Product or process improvement

Exploring alternatives



Types of Data Models

Conceptual Fymurs system contains

e This model is typically created by Business stakeholders and Data Architects.
e The purpose is to organize, scope and define business concepts and rules.
e Example- ERD

HOW the system should be implemented regardless of
the DBMS

e This model is typically created by Data Architects and Business Analysts.
e The purpose is to developed technical map of rules and data structures.

. HOW the system will be implemented using a specific
Phy5|ca| DBMS system.

e This model is typically created by DBA and developers.
e The purpose is actual implementation of the database.



Types of Data Models (cont.)

Order Lines
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Types of Data Models (cont.)

Physical Data Model :

Convert entities into tables.
Convert relationships into
foreign keys.

Convert attributes into

columns.

Modify the physical data
model based on physical

constraints / requirements.

CIM_TIME

DIM_PRODUCT

CATE_ID: IMTEGER

PROCICT _IC: IMTEGER

DATE_DESC: WARCHAR(Z0) B
MOMTH_ID: IMTESER.
MOMTH_DESC: YARCHAR(Z0)E
YEAR: INTESER.
WEEK_ID: INTEGER.
WEEK_DESC: WARCHAR(30) E

l

FACT SALES

PROD_DESC: WARCHAR(S)
CATEGORY _ID: INTEGER.
CATEGORY _DESC: YARCHAR(SO)E
UMIT_PRICE: FLOAT
CREATED: DATE

STORE_ID: IMTEGER
PRODICT _ID: IMTEGER
CDATE_ID: IMNTEGER E

ITEMS_SOLE: IMTEGER
SALES_AMOCUMT: FLOP.T

DIM STORE

STORE_ID: IMTEGER

STORE_DESC: WARCHAR(SD) B
RESIOM_ID: IMTEGER
RESIOMN_MAME: WARCHARISO)E
CREATED: DATE




Phases of Database Modeling

* The first phase - Conceptual Modeling
— Building an overall view

— The objective is to represent the information
structure of enterprise as accurate as possible

— Also known as, enterprise conceptual schema

— Known as requirements analysis phase of
database development life cycle

— Assist in communication between users and
designers of db system
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Phases of Database Modeling (cont.)

 The Second phase - Logical Design

— Abstraction process - captures details of
individual data values or DBMS to be used

Objects Conceptual Logical Data

of Schema Structure
Interest

Fig. Two phases of database modeling
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* The two types of Data Models techniques
are

— Entity Relationship (E-R) Model
—UML (Unified Modeling Language)
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The Entity-Relationship Model

Widely used database modeling technique
Simple and easy to understand

Based on the concept that organization
consist of people, facilities and objects

For ex. Book publishing business involves
books, authors, printers, distributors, editors,

sales data etc.

)| Ceonad CEP R

Student - College

Sample E-R Diagram



The Entity-Relationship Model (cont.)

* Entity

— Real or abstract object that can be distinctly
identified and it must be something about which
information is important

— Ex. Person, a place, a building or an event or an
order

* Entity sets

— Is a set of objects called entity instances or entity
occurrences

— Entity instance is an individual object of a given
entity type

— Ex. All cricket players may constitute an entity set
Player
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The Entity-Relationship Model (cont.)
* Entity

— Entities are represented by means of rectangles.
Rectangles are named with the entity set they
represent.

— For ex. Shown below;

Student Teacher Project



The Entity-Relationship Model (cont.)

e Relationships

— Is an association among entities

— A subset of all possible combinations of entity
instances from each entity type participating in the

relationship

— The entities participating in relationship may be of

same type or of different type

— Often relationship names are verbs and entity names

are noun. For ex. Student borrows a book
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The Entity-Relationship Model (cont.)

e Relationships

— Relationships are represented by diamond-shaped
box. Name of the relationship is written inside the
diamond-box.

— All the entities (rectangles) participating in a
relationship, are connected to it by a line.

— Consider binary relationship R between two entity
types E1 and E2

Entity Relationship Entity



The Entity-Relationship Model (cont.)

e Relationships

— Most common relationships are binary relationships

between two entity sets

— Degree of relationship — number of entity sets
associated in the relationship
* Types —Unary -1, Binary — 2, Ternary — 3
— Cardinality - is the number of instance of an entity
from a relation that can be associated with the
relation, also called as constraints on two

relationships or mappings
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The Entity-Relationship Model (cont.)

e Relationships

Cardinality —

* One-to-one - When only one instance of an entity is
associated with the relationship, it is marked as '1:1".

Entity

1 AN 1

: .

r -\.
4, H &
H‘-\.\_.-'-.l.

Entity

OR

Entity 4

R
Y

>———11 Entity

* One-to-many - When more than one instance of an
entity is associated with a relationship, it is marked as

'1:N'".

Entity

Entity

o

OR

Entity

<

Entity
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The Entity-Relationship Model (cont.)

e Relationships
— Cardinality —

* Many-to-one - When more than one instance of entity
is associated with the relationship, it is marked as 'N:1'.

* Many-to-many - The following image reflects that
more than one instance of an entity on the left and
more than one instance of an entity on the right can be
associated with the relationship.

M h N | 7 .
Entity —</ R >—— Entity OR ety p——< R >——<] Entity

" r h .
'\-\._'..‘-.-._,.-" LT



The Entity-Relationship Model (cont.)
e Cardinality Examples: - 1:1

Figure 7.12 EMPLOYEE MAMAGES DEPARTMENT
A 1:1 relationship, -
MANAGES. / \
Eq @ ".III B )
[ e \ /1 /O
|II Eﬂ'___lll-_____r__. \' |II|I * \III\'l
| I f g | | \
| Eq@ | ' - l | ody |
| _— | ' |
--""f
| e5 &— _—'l— el - L ry | | d |
e Tm— |- ;'_:I
| €g Q/’//II II - I \ * I
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The Entity-Relationship Model (cont.)
e Cardinality Examples: M:N

EMPLOYEE WORKS_ON PROJECT
Cle—y ’1\ /;31
m
Sre ) " .

Figure 7.13
An M:N relatignship,
WORKS_ON.



The Entity-Relationship Model (cont.)
e Cardinality Examples: M:1

EMPLOYEE

WORKS_FOR

r

DEPARTMENT

Figure 7.9
Some instances in the

WORKS_FOR relationship
set, which represents a
relationship type
WORKS_FOR between
EMPLOYEE and
DEFARTMENT.



The Entity-Relationship Model (cont.)

e As per korth,

Figure 7.9 Relationships. (a) One-to-one. (b) One-to-many. (c) Many-to-many.

instructor student
D <>_ @
Hd e Hde
salary fot cred
(a)
instructor student
D 1D
Hia e HImie
salary tot_cred
(b)
instructor student
i . | ID
Hid e e
salary tot cred
(c)
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The Entity-Relationship Model (cont.)

e Cardinality:

— E-R diagrams also provide a way to indicate more
complex constraints on the number of times each
entity participates in relationships in a relationship set.

— A line may have an associated minimum and maximum
cardinality, shown in the form /..h, where [ is the
minimum and h the maximum cardinality.

— A minimum value of 1 indicates total participation of
the entity set in the relationship set; -

* each entity in the entity set occurs in at least one
relationship in that relationship set.

— A maximum value of 1 indicates that the entity
participates in at most one relationship

— a maximum value * indicates no limit Ve



The Entity-Relationship Model (cont.)
e Cardinality:

mstructor l studert
{).= . 1.1
1D advisor ID
salary tot| cred

Figure 7.10 Cardinality limits on relationship sets.

* The line between advisor and student has a
cardinality constraint of 1..1

— meaning the minimum and the maximum
cardinality are both 1

— That is, each student must have exactly one
advisor
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The Entity-Relationship Model (cont.)
e Cardinality:

mmstructor l student

0. * /\ g
1D advisor 1D

salary mtl_r_' red

Figure 7.10 Cardinality limits on relationship sets.

e The limit 0..* on the line between advisor and
instructor indicates that

— an instructor can have zero or more students

* the relationship advisor is one-to-many from instructor
to student

* the participation of student in advisor is total, implying
that a student must have an advisor !



The Entity-Relationship Model (cont.)
e Cardinality:

— 2"d Example:

— A department has exactly one manager and an
employee can manage at most one department.

 Specify (0,1) for participation of EMPLOYEE in
MANAGES

 Specify (1,1) for participation of DEPARTMENT in
MANAGES

01 /\ (1.1
T (0, 1) W DEPARTMENT
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The Entity-Relationship Model (cont.)

e Cardinality:

— 2"d Example:

— An employee can work for exactly one
department but a department can have any
number of employees.

» Specify (1,1) for participation of EMPLOYEE in

WORKS_FOR

 Specify (1,N) for participation of DEPARTMENT in

WORKS_FOR

EMPLOYEE

(1,1)

(1,N)

N 4

DEPARTMENT

29




The Entity-Relationship Model (cont.)

* Role Names and Recursive Relationships:

— Signifies the role that a participating entity from
the entity type plays in each relationship instance
and helps to explain what the relationship means

— For ex. WORKS_FOR relationship type, EMPLOYEE
plays the role of employee or worker and
DEPARTMENT plays the role of department or
employer EMPLOYEE WORKS_FOR DEPARTMENT

r
= . U dy
L]
a .
2 - = da
23 e rq )
da
€y —
a5 :
eg s

Figure 7.9

Some instances in the
WORKS_FOR relaticnship
set, which represents a
relationship type
‘.l'v‘ORKS_FOF!?)lgatween
EMPLOYEE an:
DEPARTMEMNT.



The Entity-Relationship Model (cont.)

* Role Names and Recursive Relationships:

— One entity plays different roles with one entity

— One entity plays different roles with different
entities

— One role plays different roles with itself (recursive)



The Entity-Relationship Model (cont.)

* Role Names and Recursive Relationships
(cont.):

— the role name becomes essential for
distinguishing the meaning of the role when the
same entity type participates more than once in a
relationship type in different roles.

— Such relationship types are called recursive
relationships

32



The Entity-Relationship Model (cont.)

* Role Names and Recursive Relationships
(cont.):
— Recursive relationships

EMPLOYEE SUPERVISION Figure 7.11

A recursive relationship
SUPERVISION betwean
EMPLOYEE in the
supervsor role (1) and
EMPLOYEE in the
subordinate role (2).

1 — Supervisor
2- Supervisee

33




The Entity-Relationship Model (cont.)
* Role Names and Recursive Relationships (cont.):

* Recursive relationships (cont.)

— As per diagram, The SUPERVISION relationship type
relates an employee to a supervisor, where both
employee and supervisor entities are members of the
same EMPLOYEE entity set.

— the EMPLOYEE entity type participates twice in
SUPERVISION: once in the role of supervisor (or boss),
and once in the role of supervisee (or subordinate).

— Each relationship instance riin SUPERVISION associates
two employee entities ej and ek, one of which plays
the role of supervisor and the other the role of
supervisee



The Entity-Relationship Model (cont.)

* Role Names and Recursive Relationships
(cont.):
* Recursive relationships (cont.)

— As per diagram, ‘1’ represent the supervisor role,
and those marked ‘2’ represent the supervisee
role

— hence, e1supervises e2
e3, ea supervises es and e7,
and es supervises e1and ea.



The Entity-Relationship Model (cont.)

* Role Names and Recursive Relationships
(cont.):

* Recursive relationships (cont.)

— ERD Notation:

— Employee E—
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The Entity-Relationship Model (cont.)

* Participation Constraints and Existence
Dependencies

— specifies whether the existence of an entity
depends on its being related to another entity via
the relationship type

— This constraint specifies the minimum number of
relationship instances that each entity can
participate in, and called the minimum cardinality
constraint.

— There are two types of participation constraints—
* Total Participation
 Partial Participation

37



The Entity-Relationship Model (cont.)

* Participation Constraints and Existence

Dependencies
* Total Participation : known as existence dependency

EMPLOYEE WORKS_FOR DEPARTMENT

Figure 7.9

Some instances in the
WORKS_FOR relationship
set, which represents a
relationship type
WORKS_FOR betwaen
EMPFLOYEE and
DEFARTMEMT.

* every entity in the total set of employee entities must be
related to a department entity via WORKS_FOR

38



The Entity-Relationship Model (cont.)

* Participation Constraints and Existence
Dependencies

 Partial Participation:
EMPLOYEE MANAGES DEPARTMENT

'/};:\H. : /. ;\H

— i I}

S, — f . i
|

|

|

|
| L | I ] — ds '|
ese—| ra |
|| e .ff“’ﬂl-ﬂ R — | —— II
G |I |
[} i

. .' N "11 . ;f"
\ T/ \_/ \_/
'/

— some or part of the set of employee entities are related to
some department entity via MANAGES, but not necessarily all
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The Entity-Relationship Model (cont.)

* Participation Constraints and Existence
Dependencies

— Total Participation — Each entity is involved in the
relationship. Total participation is represented by
double lines

— Partial participation — Not all entities are involved in
the relationship. Partial participation is represented
by single lines

Entity Relationship Entity

%

total participation partial participation



The Entity-Relationship Model (cont.)

* Participation Constraints and Existence
Dependencies

 Structural Constraints = Cardinality ratio +
Participation Constraints
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The Entity-Relationship Model (cont.)
* Attributes:

— Attributes are the properties of entities. Attributes
are represented by means of ellipses.

— Every ellipse represents one attribute and is
directly connected to its entity (rectangle).

Name BirthDate

\ /
// uaen

Roll_No.



The Entity-Relationship Model (cont.)
e Attributes (Types) —

— Simple or Composite Attributes:

* Simple/Atomic — can not be divided into
smaller component

— Ex. Country, place of birth, ID etc.

Name BirthDate

\ /
/ uaen

Roll _No.
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The Entity-Relationship Model (cont.)
e Attributes (Types) —

— Simple or Composite Attributes:

* Composite — divided into smaller components

— Ex. Name (First name, last name), date of birth (day,
month and year), address (street number, street
name, city, PIN)

LastMName
FirstMName \
Name BirthDate
Student

Roll_No.



The Entity-Relationship Model (cont.)
e Attributes (Types) —

— Single valued or Multivalued:

 Single valued —
— Ex. Age, ID etc.

* Multivalued — depicted by double ellipse
— Ex. Address, phone number, no_of courses

(student enrolled in) LastName
FirstName \
Name BirthDate
/ Student
Roll_No.

C_ProneNo._)



The Entity-Relationship Model (cont.)
e Attributes (Types) —

— Stored or Derived:
* Derived attributes are depicted by dashed ellipse.

* Ex. Age is a derived attribute if database has stored
attribute — date_of_birth

LastName
FirstName \
Name BirthDate

\ /

Student PR SR T .
/ "\____: Age

Roll_No.
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The Entity-Relationship Model (cont.)

e Attributes of Relationship Types—
* Arelationship type can have attributes (descriptive attribute):

— For example, include the date on which a manager started
managing a department via an attribute Start_date for the
MANAGES relationship type

— attributes of 1:1 or 1:N relationship types can be migrated
to one of the participating entity types

* 1:1 —either side

 1:N —many side

* M:N — a separate relation should be created for
relationship along with attribute
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The Entity-Relationship Model (cont.)

e Strong Entity and Weak Entity:

Strong Entity \/s Weak Entity

* Strong Entity:

— is the one whose existence does not depend on the
existence of any other entity in a schema.

— denoted by a single rectangle

— always has the primary key in the set of attributes that
describes the strong entity

— It indicates that each entity in a strong entity set can be
uniquely identified.
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The Entity-Relationship Model (cont.)
e Strong Entity and Weak Entity:

Strong Entity \/s Weak Entity

 Weak Entity:

— the one that depends on its owner entity i.e. a strong entity for its
existence.

— denoted by the double rectangle

— do not have the primary key instead it has a partial key that uniquely
discriminates the weak entities

— The primary key of a weak entity is a composite key
formed from the primary key of the strong
entity and partial key of the weak entity.



The Entity-Relationship Model (cont.)
e Strong Entity and Weak Entity:

Cust_na Loan _gagqg—_ > l.oan_fliti>
(ﬁ Cust_a dd
Cust_ID ) v

me
T \ Weak entity

Strong entity \ A
4&! Customer @ - Loan [
| \/

* A strong entity holds the relationship with the weak
entity via an ldentifying Relationship, which is denoted
by double diamond in the ER diagram
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The Entity-Relationship Model (cont.)

e Strong Entity and Weak Entity:

Cust_name

Borrows S
\/

C’DQ Cust_add ——

Cust_ID -

— \

Strong entity | A
..S Customer

Loan

Loan_date

Weak entity

— for each loan, there should be at least one borrower
otherwise that loan would not be listed in Loan entity set

— even if a customer does not borrow any loan it would be

listed in Customer entity set

— Conclusion: a customer entity does not depend on a loan

entity
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The Entity-Relationship Model (cont.)
e Strong Entity and Weak Entity:

Strong entity A Weak entity
w Customer Loan e'
i

CUSt ID (pr|ma ry key) Cust_ID Cust_name Cust_add
which uniquely 101 | John | Xyzzy
. . . . 103 Rub Pqgr
identify each entity in - |

109 John Uvfw

Customer Entity set Ciistoiiisr ERiegSeE.




The Entity-Relationship Model (cont.)
e Strong Entity and Weak Entity:

_____
Stron entity! A
"S Customer Loan

Weak entity

L

Loan_name, the partial key of Loan_name Loan_date " Amount

the weak entity and s 20/11/2015 | 20000

Cust_ID primary key of customer - |
- Education | 5/10/2015 | 10000

entity makes » |
_ _ Home 20/11/2015 | 20000

primary key of loan entity |

53
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The Entity-Relationship Model (cont.)

* Relationships of Higher Degree
— Relationship types of degree 2 are called binary

— Relationship types of degree 3 are called ternary
and of degree n are called n-ary

— In general, an n-ary relationship is not equivalent
to n binary relationships

— Constraints are harder to specify for higher-degree
relationships (n > 2) than for binary relationships



The Entity-Relationship Model (cont.)

e Discussion of n-ary relationships (n > 2)

(a) | SUPPLIER @ PROJECT |

| PART |

(b) | SUPPLIER @ PROJECT
N !

PART
(c)

| sSUPPLIER }—©i[ SUPPLY | N1 PROJECT |

PART |

9

Figure 3.17
Ternary relationship types. (a) The SUPPLY relationship. (b) Three binary relationships
not equivalent to SUPPLY. (c) SUPPLY represented as a weak entity type.



Ternary Relationship

(a) SUPPLIER SUPPLY PROJECT
PART
~ Swplyretionmble
supplier part Project
abc pl Projl
Abc P2 Proj2

Xyz P3 Proj3
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3 binary relationship

Proj_name
(b) [ sSuPPLIER M o PROJECT |

abc p2 ,
Projl pl
Xyz P1 .
Projl P2
Abc P3 :
Proj3 P3
Xyz P3
abc Projl
Xyz Projl
Abc Proj2

57
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The Entity-Relationship Model (cont.)

* ERD Notations

Symbol
.
—

—C
—C
N

Meaning

Entity

Weak Entity

Relationship

Indentifying Relationship

Attribute

Key Attnbute

Multivalued Attribute

-~ Ve N
S A N S
a};‘f — ﬁx”

./

Composite Attribute

Derived Attribute

Total Participation of £;in R

Cardinality Ratio 1: N for E;:E; in R

Structural Constraint (min, max)
on Participation of Ein R
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The Entity-Relationship Model (cont.)

* Proper Naming of Schema Constructs

Self - Study from Navathe. Chapter 7, page
number 222, 6" edition
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Figure 3.15

ER diagrams for the company
schema, with structural constraints
specified using (min, max) notation
and role names.

7/. _______________

EMPLOYEE S““tdme' rﬂ@ﬁ?ﬂfﬂfTE@ﬁ¥?“ﬂ DEPARTMENT
(O,N) Controlllng

Department
(1,1) Department

Managed
CONTROLS

Controlled
(1,1) | Project

PROJECT |

(O,N) (0,1)
Supervisor Supervisee

Project

Ctiame
Cllumber

(O,N)
Employee

DEPENDENTS_OF

Dependent

DEPENDENT |
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