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The company is organized into departments:

d Each department has a unique name, a unique number, and a particular employee who
manages the department. We keep track of the start date when that employee began
managing the department. A department may have several locations.

[ A department controls a number of projects, each of which has a unique name, a unique

number, and a single location.

(1 The database will store each employee’ s name, Social Security number, address, salary,
sex (gender), and birth date. An employee is assigned to one department, but may work
on several projects, which are not necessarily controlled by the same department. It is
required to keep track of the current number of hours per week that an employee works
on each project, as well as the direct supervisor of each employee (who is another
employee).

(d The database will keep track of the dependents of each employee for insurance
purposes, including each dependent’ s first name, sex, birth date, and relationship to the
employee.



Relationship

(A relationship indicated how one or more entity classes interact with one and
another.
(d Each entity plays a role in a relationship.



Relationship

O Relationship Type: Association among two or more entities.

o In ER diagram, the relationship type is represented by a diamond
and connecting the entities with lines
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O Relationship Set: A set of relationships of the same type is

known as a relationship set.
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Relationship Set
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Relationship

O Degree of Relationship Type: The number of participating

Employee
Student Course
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o Binary: degree two course

entity types

o Unary: degree one

o Ternary: degree three
o Quaternary: degree four — —

o N-ary

Teacher A : | Student



Constraints on Binary Relationship Types

[ Relationship types usually have certain constraints that limit the possible
combinations of entities that may participate in the corresponding relationship
set. These constraints are determined from the miniworld situation that the

Fe|atl0nShlpS represent. EMPLOYEE WORKS_FOR DEPARTMENT

(1 We can distinguish two main types of
binary relationship constraints:

o Cardinality ratio
o Participation




Cardinality Ratios

(d Maximum number of relationship instances that an entity can participate in.
(J The possible cardinality ratios for binary relationship types are:

o 1:1
EMPLOYEE WORKS_ON PROIJECT
EMPLOYEE MANAGES DEPARTMENT
o M:N
o 1:N

1:1
M:N



Participation Constraints

d Whether the existence of an entity depends on its being related to another
entity via the relationship type.

o Total (existence dependency):
= [f a company policy states that every employee must work for a department, then an
employee entity can exist only if it participates in at least one WORKS_FOR relationship
instance.
=  Meaning that every entity in the total set of employee entities must be related to a
department entity via WORKS _FOR.
= ER: double line connecting the participating entjty type to the relationship. A minimum of
one.
o Partial

Student Enrolled in Course

= We do not expect every employee to manage a department, so the participation of
EMPLOYEE in the most one department and a department can have at most one manager.

=  Meaning that some or part of the set of employee entities are related to some department
entity via MANAGES, but not necessarily all.

= ER: single line connecting the participating entity type to the relationship. No minimum.



Relationship

EMPLOYEE PARKING PLACE

One-to-one

PRODUCT LINE PRODUCT

One-to-many

STUDENT MN COURSE

Many-to-many




Relationship

Course

(d Find cardinality:

Teacher o d Fl . Student
o 1:M:N
STUDENT COURSE INSTRUCTOR
1 Mike Physics Jones
2 Anne Physics Jones
3 Mike Chemistry Jones
4 Anne Chemistry Song




Relationship

1 If we impose an external constraint on the ternary that each course can only be

taught by a single instructor, then obviously tuple 3 or 4 is disallowed.

M:N:1 Ternary Relationship with
simultaneous M:1 Binary Relationship

STUDENT COURSE INSTRUCTOR
1 Mike Physics Jones
2 Anne Physics Jones
3 Mike Chemistry Jones
4 Anne Chemistry Song
Student N Course

1

Instructor




Attributes of Relationship Types

0 Relationships can also have attributes associated to them. Generally
it iIs not recommended to give attributes to the relationships if not
required because while converting the ER model into Relational model,

things may get complex and we may require to create a separate table

for representing the relationship.
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Role Name

J Each entity type that participates in a relationship type plays a particular role in
the relationship. Role names may also be used when two entity classes are
associated through more than one relationships
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Recursive Relationships (Self-Referencing)

( In some cases the same entity type participates more than once in a relationship

type in different roles.
o  The SUPERVISION relationship type relates an employee to a supervisor, where both employee

(AS SUPERVISOR)

and supervisor entities are members of the same EMPLOYEE entity set.
o A recursive relationship SUPERVISION between EMPLOYEE in
= (1) supervisor role

= (2) supervisee role
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Types of Entity Type

(1 Strong Entity Type: Has a key attribute which helps in identifying each entity
uniquely. It is represented by a rectangle in ER model.

(J Weak Entity Type: Doesn't have a key attribute. Weak entity type can't be
identified on its own. It depends upon some other strong entity for its distinct

identity. It is represented by a double outlined rectangle in ER model.
o Relationship between the weak entity type and its identifying strong entity type is
called identifying relationship and it is represented by a double diamond.
= Example: There can be a room only if building exits. There can be no
independent existence of a room

"~ Customer
id
Mobile_no Age State
Employee @ Dependants customer Address

Strong Weak Entity

EntityType Type




Types of Entity Type

(d The identifying relationship is many—to—one from the weak entity set to the
identifying entity set, and the participation of the weak entity set in the
relationship is total.

[ A weak entity set can participate in relationships other than the identifying
relationship. Here we use weak entity instead of multivalued attribute.
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Types of Entity Type

(A weak entity set may participate as owner in an identifying relationship with
another weak entity set.




Types of Entity Type

1 It is also possible to have a weak entity set with more than one identifying entity

set.

i go 3 il Sl @ S

el

Sy land e loesyd 3

2 Cudgrge Sl A 4 5092

A particular weak entity would then be identified by a combination of entities, one
from each identifying entity set. The key attribute the weak entity set would consist of
the union of the key attributes of the identifying entity sets, plus the discriminator of

the weak entity set.



Types of Entity Type

] Iterative in time.




Types of Entity Type

(d Weak Entity of a weak entity




Types of Entity Type

(J We can convert any weak entity set to a strong entity set by simply adding ap
propriate attributes. Why, then, do we have weak entity sets?

o We want to avoid the data duplication and consequent possible
inconsistencies caused by duplicating the key of the strong entity.

o Weak entities reflect the logical structure of an entity being dependent on
another entity.

o Weak entities can be deleted automatically when their strong entity is
deleted.

o Weak entities can be stored physically with their strong entities



Strong & Weak Entity

(d Think about this design:

COURSE L 1

i | COURSE_MATERIAL




Strong & Weak Entity

J Solution:

Provides

Course material
URL

[ Course

Course material
Book

book id




Attributes of Relationship Types and Entity Types

(J Attributes of relationship types can be migrated to one of the participating entity

types:
o 1:1 =can be attribute of any entities.
o 1:N = can be migrated only to the entity type on the N-side of the relationship.
o The decision where to place a relationship attribute—as a relationship type attribute or as an
attribute of a participating entity type—is determined subjectively by the schema designer.
o  M:N = some attributes may be determined by the combination of participating entities in a

relationship instance, not by any single entity.

EMPLOYEE WORKS_FOR DEPARTMENT EMPLOYEE WORKS ON PROJECT




Weak Entity Type

O Not every existence dependency results in a weak entity

type.
o Example: DRIVER_LICENSE entity cannot exist unless it is related to a

PERSON entity, even though it has its own key (License_number) and
hence is not a weak entity

a Partial key or Discriminator:
o The attribute that can uniquely identify weak entities that are related to
the same owner entity.

o In the worst case, a composite attribute of all the weak entity’ s attributes
will be the partial key.

o In ER diagram: partial key attribute is underlined with a dashed or dotted
line.




Weak Entity Type in ER Model

(d Weak entity type and its identifying relationship are
represented by surrounding their boxes and diamonds

with double lines
[ Partial key attribute is underlined with a dashed or dotted line

O When use weak entity or complex attribute?

o Data base designer choice
o If the weak entity type participates independently
in relationship types other than its identifying
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Design Choices for ER Conceptual Design

a A concept may be first modeled as an attribute and
then refined into a relationship.

0 An attribute that exists in several entity types may be
elevated or promoted to an independent entity type.

2 An inverse refinement to the previous case may be
applied.



Design Choices for ER Conceptual Design
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Alternative ER Notation for Specifying Structural Constraints on Relationships

Employee

(0,1)

)

Employee

(1,1)

(1,1)

Manages

) 4

Works for

(1,N)

<

Department
Department
(O,N)
Supervisor

EMPLOYEE

(0,1)
Supervisee



Connection between (min,max) & Partial, Total

(0,1) (1,1)

Employee Manages Department
(1,1) (1,N)

Employee Department

Employee — Manages Department

)

(

)

<_ Works for Department

Employee

(




Connection between (min,max) & Cardinality

one-to-one:
many-to-many:

one-to-many:

0,1 0,1
(0, 1) ® (0, 1)
(0, m) ® (0, n)
(0, m) (0,1




ER Notations

Entity

Weak Entity

Relationship

Indentifying Relationship

Attribute

Key Attribute

Multivalued Attribute

{min, max)

Composite Attribute

Derived Attribute

Total Participation of E5in R

Cardinality Ratio 1: Nfor £, : Es in R

Structural Constraint (min, max)
on Participation of E in R



Some Examples

d A weak entity type INTERVIEW with a ternary identifying relationship type.

CANDIDATE @ COMPANY

Department

INTERVIEW JOB_OFFER




Use of Entity Sets versus Attributes

(1 Consider the entity set instructor with the additional attribute phone number.
d The location may be the office or home where the phone is located, with mobile
(cell) phones perhaps represented by the value “mobile.” Treating a phone as:

O an attribute phone number: instructors have precisely one phone number each.
o a phone as an entity phone :permits instructors to have several phone numbers (including zero)
associated with them
. To keep extra information about a phone.
o  phone number as a multivalued attribute: to allow multiple phones per instructor



Common Mistakes in ER Diagrams

(d Use of the key attribute of an entity set as an attribute of another entity set,
instead of using a relationship:

o Example of incorrect use of attribute:

Dept name
building

Stud_dept Department

CE384: Database Design Maryam Ramezani 38



Common Mistakes in ER Diagrams

(d Designate the key attributes of the related entity sets as attributes of the
relationship set

o Example of incorrect use of attribute:

Dept _name

Student - vept_name building
udaen

Stud_dept Department

CE384: Database Design Maryam Ramezani 39



Common Mistakes in ER Diagrams

d NOTE: relationship instances must be uniquely identified by the participating

entities.

student

section

Modeling an assighnment as a weak entity is preferable in
this case, since it allows recording other information about

the assignment, such as maximum
marks or deadlines.

student

@signment_maD

section




Common Mistakes in ER Diagrams

d NOTE: relationship instances must be uniquely identified by the participating

o Works_In4 does not allow an @

employee to work in a ( ::; ) .‘I:l’ .‘:!!:’ .budget
department for two or more \ N ‘
periods.

Employees Departments

o Similar to the problem of
wanting to record several @
addresses for an employee:
We want to record several
values of the descriptive
attributes for each instance Employees Works_In4
of this relationship.

Accomplished by introducing
new entity set, Duration.

;

dname

\ budget

Departments

5

v
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Duration

5




Ternary to Binary Relationship




Ternary to Binary Relationship
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