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M3C: Introduction to Database Design Methodology (2)

Entity-Relationship Modeling

Softcopy of handouts can be found at http://www.clsmss.edu.hk/~whlau/08CA/

Basic Concepts

1. An entity represents a discrete object.  An entity may be concrete (a person or a book, for example) or abstract (like a holiday or a concept).  Entities can be thought of (roughly) as nouns.  Examples: a computer, an employee, a song, a mathematical theorem.
2. A relationship is an association between two or more entities.  Relationships can be thought of (again, roughly) as verbs or verb phrases, representing an action being taken.  Examples: an “owns” relation between a company and a computer, a “supervises” relation between an employee and a department, a “performs” relation between an artist and a song, a “proved by” relation between a theorem and a mathematician.
	Example
	Entities
	Relationship

	A company owns 100 computers
	COMPANY

COMPUTER
	Owns

	An employee (e.g. manager) supervises a department
	EMPLOYEE DEPARTMENT
	Supervises

	An artist performs a song
	ARTIST

SONG
	Performs

	A certain theorem is proved by a mathematician
	THEOREM
MATHEMATICIAN
	Proved_by

	An employee works in a department
	EMPLOYEE

DEPARTMENT
	Works_in

	A student studies English, Chinese, Mathematics, Computer or Economics 
	STUDENT

SUBJECT
	Studies

	An employee has three children
	EMPLOYEE

CHILDREN
	Has

	Some teachers are assigned a car park
	TEACHER
CAR_PARK
	Is_assigned


Some of the above examples are extracted from textbook, p.73.

3. Guideline of identifying entities and naming relationships: (Ref-1, p.74)
a) Do not choose specific data instances, like English, Chinese, etc, as the name of an entity.  Use entity class, e.g. Subject, instead.

b) Ignore derived results, e.g. average marks which can be calculated from other marks.

c) Relationship in E-R diagram should be read from left to right or from up to down.  Use passive voice if the action is not carried out by the entity on the left (top).

d) Avoid using vague terms, such as “Is_related_to”.

Symbols in Entity-Relationship Diagram

4. Entities are drawn as rectangles, relationships as diamonds. (Ref-7; Ref-1,p.72, 75, 77)



Relationship in Details

5. The degree of a relationship refers to the number of entities associated with the relationship. (Ref-3; Ref-1, p.81)
a) Binary relationships, the association between two entities is the most common type in the real world.  A recursive binary relationship (or called “Unary relationship” in textbook) occurs when an entity is related to itself.  Examples:

i. “An employee may be married 
to another employee”.

ii. “An employee may supervise 
other employees”.
b) A ternary relationship involves three entities and is used when a binary relationship is inadequate.  Please note that many modeling approaches recognize only binary relationships.  Ternary or n-ary relationships are decomposed into two or more binary relationships.  Moreover, ternary relationship is out of the syllabus.
6. There are three types of relationship connectivity (or cardinality): (Ref-3; Ref-1, pp.75-76)
a) A one-to-one (1:1) relationship is when at most one instance of a entity A is associated with one instance of entity B.  Examples:

i. “Students in the school are each assigned a unique locker”.   For each student there exists a unique locker, and for each locker there exists a unique student.

ii. “A teacher may be in-charge (class teacher) of a class”.

iii. “Each student owns one and only one student card”.

iv. “Each employee is assigned a desk”
b) A one-to-many (1:N) relationship is when for one instance of entity A, there are zero, one, or many instances of entity B, but for one instance of entity B, there is only one instance of entity A.  Examples:

i. “A student may borrow several books from the library.  Each book may be borrowed by only one student at a time.”
ii. “A class is formed by some students.  One student is allocated to one class only”.

iii. “A department has many employees.  Each employee is assigned to one department”.

c) A many-to-many (M:N) relationship, sometimes called non-specific, is when for one instance of entity A, there are zero, one, or many instances of entity B and vice versa.  Examples:

i. “A student may study several courses.  There are many students in a course”.

ii. “A event in the sports day is participated by some students.  Each student may participate several events”.

iii. “A teacher may teach several classes/subjects.  Each class/subject may be taught by several teachers”.

7. Note that a many-to-many relationship is always reduced to two or more one-to-many relationships by adding associative entities (a.k.a. intersection entities).  For example, 



8. Existence denotes whether the existence of an entity instance is dependent upon the existence of another, related, entity instance.  The existence of an entity in a relationship is defined as either mandatory or optional.  (Ref-3; Ref-1, pp.75-76)
a) Mandatory: If an instance of an entity must always occur for an entity to be included in a relationship, then it is mandatory.  Examples:

i. “each project must be managed by at least one staff”

ii. “every employee must work in a single department”

iii. “a class must have a class teacher”

iv. “a course must be taught by at least one teacher” (otherwise the course is cancelled)

b) Optional: If the instance of the entity may or may not exist, it is optional.  Examples:

i. “a staff may be assigned to work on some projects”

ii. “a student may participate in some events in swimming gala”

iii. “a student may borrow some books from the library”

iv. “a student may be assigned to some posts, like monitor, prefect, house or club committee member.”
9. The direction of a relationship indicates the originating entity of a binary relationship.  The entity from which a relationship originates is the parent entity; the entity where the relationship terminates is the child entity.
a) The direction of a relationship is determined by its connectivity.  In a one-to-one relationship the direction is from the independent entity to a dependent entity.
b) If both entities are independent, the direction is arbitrary.  With one-to-many relationships, the entity occurring once is the parent.  The direction of many-to-many relationships is arbitrary.
10. Type of relationship: (Ref-3; Ref-8)
a) An identifying relationship is a relationship between two entities in which an instance of a child entity is identified through its association with a parent entity.  The child entity is dependent on the parent entity and cannot exist without having been defined in the parent.  

b) A non-identifying relationship is a relationship between two entities in which an instance of the child entity is NOT identified through its association with a parent entity.  Both entities are independent.

c) In identifying relationships, the primary key of the parent entity is included in the primary key of the child entity.  In a non-identifying relationship, the primary key of the parent entity is included in the child entity but not as part of the child entity’s primary key.
References:

1. Raymond W. N. CHAN, Database for A/AS Level, Radian, pp.72-82. (*)

2. Entity-Relationship Model

http://en.wikipedia.org/wiki/Er_diagram
3. Data Modeling: Entity-Relationship Model (*)

http://www.utexas.edu/its/windows/database/datamodeling/dm/erintro.html
4. Entity-Relationship Diagrams (ERD)
http://www.umsl.edu/~sauter/analysis/er/er_intro.html
5. The Entity-Relationship Model
http://www.cs.sfu.ca/CC/354/zaiane/material/notes/Chapter2/node1.html
6. Understanding Entity Relationship Diagrams (*)
http://folkworm.ceri.memphis.edu/ew/SCHEMA_DOC/comparison/erd.htm
7. Free Entity Relationship Diagrams Tutorial

http://www.getahead-direct.com/gwentrel.htm
8. Data Model Dictionary (*)

http://www.datamodel.org/DataModelDictionary.html
9. Toad™ Data Modeler FREEWARE (*)

http://www.casestudio.com/enu/download.aspx















Subject





Class





Teaches





Teacher





Subject





Assigned_to








Taking_up





Teacher





Teaching_duty





Class








Assigned_to





M





1





Supervises





Employee





1





1





Is_married_to





Employee























1











M























1











Optional Existence





M





Mandatory Existence





1





Relationship





M





M





Many-to-Many





Relationship





Relationship





1





One-to-Many





Relationship





Relationship





1





1





One-to-one





Relationship





Basic Elements:














Relationship





Key Attribute





Attribute





Entity





M








[07.09.27] CLSMSS/0708/S7CA/M3C(02)

P. 1/4

