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Database Design

@ Goal: design the logical and physical
structure of the database to accommodate
the user needs for information of a
particular application.

@ Design steps:

Planning and Analysis

Conceptual Design ~ <—— ER Model
Logical Design <——  Relational Model

‘ Physical Design — DBMS
e' Implementation /

Requirement Analysis

+ Data modeling is preceded by planning and
analysis, in which the information needed to
build a data model is collected.

+ Although not formally considered as a part
of the data modeling by some
methodologies, the requirement analysis is
always conducted concurrently with ER
diagramming, and thus is viewed as an
integrated part of data modeling by many
practitioners.
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Data and Function Modeling

@ The conceptual design process includes
data model and function model.

@ The data model focuses on what data should
be stored in the database (Database Schema
Design).

@ The function model deals with how the data is
processed (queries and operations on the
data).

+ Data Modeling can be done by ER Model
and Relational Model at different phase of
the database design.
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Goals of Requirement Analysis

@ Determine the data requirements of the
database in terms of primitive objects.

¢ Classify and describe the information about
these objects.

¢ ldentify and classify the relationships
among the objects
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# Identify rules for the integrity of the data.

@ Determine the types of transactions that will
be executed on the database and the
interactions between the data and the

"‘ transactions (part of function modeling).



Requirement Collection

@ review of existing documents
@ Please read the project description.

@ interviews with end users
@ review of existing systems: Review the YouTube
system.
@ Note:
@ End users don’t know entities, attributes, and
relationships; they know real-world terms.
@ Be sure understand the real-world needs.

« Different end-users may think about and view
' i data differently.

Functions in the MeTube System
(cont.)

@ Data sharing:

@ A signed-in user should be able to use a web
interface to upload multimedia files into MeTube
system.

@ Any Internet user should be able to search,
browse, download and view media files available
to the public in MeTube system through a media
player embedded in the web interface.

@ students may elect to implement more advanced
features.

Functions in the MeTube System
(cont.)

@ User interaction:

@ signed-in users should be able to interact with
each other by exchanging messages and
commenting on media files.

@ Students may also implement advanced features
such as media rating, group discussion, etc.

@ Search:

@ The students are required to implement a
YouTube-like search interface to allow users to
search media files based on keywords.

@ Students may elect to implement advanced

' _ features such as word cloud, media
‘ recommendation, feature-based media search,

a' etc.

Functions in the MeTube System

@ User Account:

@ A user needs to register an account to use all
MeTube system functions, but non-registered
users can browse and search media files that
are open to the public.

@ Students need to implement the basic account
functions, including registration, sign-in, and
profile update.

@ The advanced features include contact list
management, friend/foe list management, user
blocking, etc. The more the better.
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Functions in the MeTube System
(cont.)

@ Media organization:

@ All users should be able to browse the media
files by categories.

@ Signed-in users should be able to organize their
uploaded media files and their interested media
files in different ways, including channel,
playlists, favorite lists, etc.

@ Students may also implement advanced features
such as showing the most-viewed media files,
the most-recently uploaded files, etc.

Construction of Data Model

@ ER model construction:

Identification of data objects and Initial ER Diagram
relationships / i

!

Draft ER Di
" Lgem Add Key Attributes

l Add Non-key Attributes
Model validation through \L
normalization

Refine ER diagram

Generalization Hierarchies

Add business and integrity rules

' to the model



Entity-Relationship Model

@ History:

@ P.P. Chen. The entity-relational model: Toward a
unified view of data. ACM Transactions an
Database Systems, 1(1):9--36, 1976.

@ What is ER model?
@ The ER model is a conceptual data model that
views the real world as entities and relationships.
@ Why ER model?
@ Easy to convert to relational model.
@ Easy to learn.

ER Diagram Notation

@ Strong Entity:
@ Weak Entity:
@ Attribute:

@ Multi-value attribute:

s

@ Key attribute:
“‘ @ Partial Key:

ER Diagram Notation (cont.)

@ Constraints — Participation:

@ Total Participation: Entity X has total participation in
Relationship Z, meaning that every instance of X takes
partin AT LEAST one relationship. (i.e. there are no
members of X that do not participate in the relationship.

< Partial Participation: Entity Y has partial participation in
Relationship Z, meaning that only some instances of Y
take part in the relationship.

< Example: X = Customer, Y = Product, Z = Purchase.
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ER Model Basics

@ Entity: Data object or recognizable concept.
@ Strong or weak (independent or dependent).
@ Instance: An occurrence of an entity.
@ Special types: associative or subtype.
@ Relationship: Association between entities.
@ Degree (binary, ternary, ..., n-ary).
@ Connectivity and cardinality: 1:1, 1:N, M:N.
@ Direction, Type, etc.
@ Existence: optional or mandatory.

@ Attributes: describe the entity of which they
are associated.

." @ Generalization Hierarchies.
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ER Diagram Notation (cont.)

@ Relationships:

Relationship’
name

@ |dentifying Relationships: Relationship
connecting at least one weak entity.

@ N-ary relationship: Relationship associated
with more than two entities.
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ER Diagram Notation (cont.)

@ Constraints — Cardinality:

1 N

Customer = Product
N 1

Customer = Product
1 1

Customer f=—— Product
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M:N or 1:N?

M N

.“ Question: Is M:N relationship necessary?
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Extended ER Model

@ Extended ER model extends the basic ER
model by adding following features:
@ An entity definition is known as a class.
@ A specific occurrence of an entity is an instance of a class.
@ Classes can be formed into superclass/subclass
hierarchies using generalization and
specialization.
@ The IS-A relationship.
@ Inheritance of attributes.
@ Constraints on subclass membership.
@ Categories are used to represent a union of
classes.

ER Diagram with (min, max)
Cardinality

Extended ER Diagram

@ Specialization/Generalization:

{ L\
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Subclass Subclass Subclass
#1 #2 #3

@ Each subclass inherits all relationships and
attributes from the super-class.

ofe

qe



EER Diagram Notation

@ Constraints on Specialization/Generalization:

Total Specialization — Every member of the super-class
must belong to at least one subclass.
Partial Specialization — a member of the super-class may
not belong to one of the subclasses.
Disjoint — every member of the super-class can belong to
at most one of the subclasses.
Overlapping — a member of the super-class can belong to
more than one of the subclasses.
Multiple Inheritance — a subclass participates in more
than one subclass/super-class relationship, and inherits
attributes and relationships from more than one super-
class.
@ Union — a subclass/super-class relationship can have

’ . more than one super-class, but the subclass inherits from

. ‘ at most one of the super-classes.

Constraints on Subclass
Membership

@ The attributes in subclass may be
dependent on an attribute value in the
superclass:

@ Attribute-defined - Determines membership in
a subclass by placing a condition on the value of
an attribute in the superclass.

@ User-defined - Membership in a subclass does
not depend on any specific attribute value.
Membership is determined by the user.

Rules for Attribute-defined
Subclass

o

@ If the specialization attribute at the superclass
level is single-valued, membership at the
subclass level is always disjoint.

If the specialization attribute at the superclass
level is multi-valued, membership at the
subclass level is always overlapping.

o

@ If the specialization is total, the attribute value
in the superclass is required.

If the specialization is partial, the specialization
attribute value in the superclass is optional.
The presence of a value, however, implies

' ) automatic insertion at the subclass level.
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ER Diagram Notation (cont.)

@ Total or partial specialization:

Attribute-defined Subclass

Federal Project
Funding
Agent

User-defined Subclass




Rules for Superclass/Subclass
Hierarchy

@ Deleting an entity from a superclass implies
automatic deletion of the entity from all
subclasses.

Deleting an entity from a subclass does not
imply deleting the entity from its superclass.
However, attributed-defined constraints must
not be violated.

¢+ At the superclass level, changing the value of
an attribute used for attribute-defined
specialization requires appropriate changes in
subclass membership.

MovieStartModel

@' MovieStarModel = Model * MovieStar

MeTube Database ER Model
(partial, unrefined)
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Multiple Inheritance

@ A subclass can have more than one
superclass. It is called specialization lattice.

@ The subclass is referred to as a shared
subclass.

@ A specialization lattice demonstrates multiple
inheritance.

@ A shared subclass must satisfy the multiple
inheritance intersection constraint, where each
instance of the shared subclass is an instance of
all of its superclasses
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Categories and Categorization

@ If a subclass contains instances from two
superclass, then this subclass is called a
category.

@ A category represents a union of its
superclasses, where an instance of a
category subclass must be an instance of at
least one superclass, but is not necessarily
amember of all superclasses.
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