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Overview
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# Database approach

# Database system

# Relational model

# Database development




File Processing Approaches

N
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#Based on file systems

= Data are record in various types of files
organized in folders (directories)

#File types
= Sequential data files
= Name-value pair files
» Spreadsheets or list files
= XML files




Files Processing Problems

N

# Loose and weak structure (a general structure may be
imposed but not enforced)

= Difficult to handle complex data
= Low data quality: redundancy and inconsistency

# No central management
s Difficult to maintain and share in multi-user environments
= Limited security

# Not scalable: cannot handle large quantity of data
efficiently

# Lack of specialized and standardized data management
and processing capabilities




Database Approach

N

# Database is a structured and self-describing collection
of data

» Structured: structures and rules are consistently and
rigorously defined and enforced (integrity)

s Self-describing: the description of data (data definition, or
metadata) is contained within the database

# Centralized management

= Managed and controlled by specialized programs, called
database management systems ?DBMS , Which provides
rich data management functionalities




Advantages and Disadvantages
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# Advantages
= High data quality, integrity, and consistency

= Reduced data redundancy and application
maintenance

= Easy access and sharing

= Scalable

= Improved security

» Specialized and productive management tool

# Major disadvantages
m Increased complexity
= Greater impact of failure
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Database System

L

# A database system is a complete
information system

#Basic layers of a database system

N

Forms € 3
Reports Database i Tables
Queries Management i j

Application System ERelatlonshlpg
Programs i Metadata j

User Database Application DBMS Database




Database
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# A database is a storage place for data

#\What's in the database?

= Data (tables)
s Metadata
s Other data and structures

e User data
* Metadata

e Indexes and
overhead de

e Application r




Metadata
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USER_TABLES Table

#Metadata are data that
describe data (data
definitions)

TableName NumberColumns | PrimaryKey

STUDENT StudentNumber

CLASS ClassNumber

GRADE (StudentNumber, ClassNumber)

USER_COLUMNS Table

Data

QHEIRGREY (o

#Metadata is always a
part of a database.

Metadata defines tables,
columns, data types, keys
(relationships), constraints, etc.

ColumnName TableName DataType Length (bytes)
StudentNumber | STUDENT Integer 4
LastName STUDENT Text 25
FirstName STUDENT Text 25
EmailAddress STUDENT Text 100
ClassNumber CLASS Integer 4
Name CLASS Text 25
Term CLASS Text 12
Section CLASS Smallinteger 2
StudentNumber | GRADE Integer 4
ClassNumber GRADE Integer 4
Grade GRADE Decimal 2,1)




Database Management System
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# DBMS serves as a controller (gatekeeper) for
databases

# DBMS provides common functionalities and
interfaces for managing and controlling database

activities, such as

creating and maintaining databases and other
structures

reading, updating and deleting data
data backup and recovery

controlling concurrency, consistency, and enforcing
other rules

providing security
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Enterprise Database System
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‘-@ Sales

— "1—-___*
Management
@ 4«—7| Applications

Java code \ /

@ Business

SQL (Structured Query
Language) is the standard
relational database command
language used by DBMS.

Database
Management

A

e
Intelligence
@ 47| Applications
C# code

i ! E_Commerce

P Applications
HTML and ASP.NET

Y

System
(DBMS)

Oracle (Oracle)
DB2 (IBM)

SQL Server (Microsoft)
MySQL (MySQL AB)
Others

11



N

Relational Model
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#Edgar F. Codd (IBM), 1970

#0ne sentence to summarize relatlon I
database model (extremely brief):

Data are organized in relations (tables),
which are linked by keys (constraints)
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Relation
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1.
2.
3.

0 @ N o A

10.

# A relation is a two-dimensional table that has some
specific characteristics:

The table consist of rows and columns
Rows contain data about entity instances

All values in a row describes the same entity
Instance

Columns contain data about attributes of the entity
All values in a column are of the same kind

Each row is distinct

A cell of the table holds a single value

Each column has a unique name

The order of the rows is unimportant

The order of the columns is unimportant
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Terminology Contrast

Database
industry Table

Academic Relation

File processing File
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Key
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# A key is one or more columns of a relation
that is used to uniquely identify a record

= Primary key

= Candidate key
= Alternate key
= Surrogate key
s Composite key
= Foreign key
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Candidate Key/Primary Key
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/ # Candidate key

= The minimum set of column(s) that uniquely identifies
a single record (row)

= Each value in this column is unique in this relation

# Primary key

= Primary key is a column/attribute that is used to
uniquely identify a record

= Is one of the candidate keys chosen to be the
identifying key; others become alternate keys

= Each value of this key column uniquely identifies a
single record (row)

= There is only ONE primary key for a table

16



Composite Key

N
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# Composite key

= A composite key contains two or more attributes
(columns)

= All keys can be composite keys

@ Example
s "FirstName” + “LastName”
= FirstName” + “LastName” + "BirthDate”
m FirstName” + “LastName” + "BirthDate” +
“BirthCity”
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composite key.

record a unique number/id

Artificial Primary Key/Surrogate Key

# Sometimes it is difficult to find a natural attribute
as a primary key, or it is difficult to use a

# A column is created arbitrarily and assign each

= Product Number, Product Id, Movie Id, Actor Id, etc.

5 ADVISER : Table

A =10 x|
| AdviserlD I AdviserMlame | Department Phaone Office
P+ /v 1 Johnson Biology 236-3879 Sci-123
Surrogate Primary 2 Wu Chemistry 236-0091 Sci-260
o e 3 Horan Math 236-0098  AR-45
anything. (AutoNumber)«——__ .
0 0 | I Often such IDs will

be generated by

database systems.
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PK Selection Guidelines

J # Do not use a field whose value is frequently
changed as PK

# Look for single-attribute PK first

#If a PK contains more than 3 columns,
consider a surrogate key

#Don't be limited to sample data; think beyond
and consider possible scenarios and
requirements
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Relationship and Foreign Key (FK)
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# Relationship is how tables (relations) are
linked

n [t is defined by the foreign key (FK) constraint

# A foreign key references a primary key (or
any other unique keys) in another table

m This pair of keys are of the same kind (may be
of different name)
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Relationship and FK Example

Primary Key
(PK)

|
HEH#H

1 |

|

3]

* |

101100 Dive Mask, Small Clear
101200 Dive Mask, Med Clear
m Half-dome Tent

202000 Half-dome Tent Footprint
301000 Light Fly Climbing Harness
302000 Locking carabiner, Oval

RETAIL_ORDER e : |
|OrderNumber - | StoreNumber - | StoreZip ~|OrderMonth v OrderYear - | OrderTotal ~
|® 1000 10 98110 December 2008 $445.00
SKU_DATA ‘ 000 20 02335 December 2008 $310.00
3000 10 98110 January 2009 $480.00

ORDER_ITEM
ecord: M KMok | ¥ No Filtes | Search |4 [=——]uu >
SKU_DATA
SKU SKU_Description ~ | Department ~ Buyer .
4 100100 Std. k, Yellow Water Sports Pete Hansen
f@ 100200 Std. Scuba Tank, Magée Water Sport DataLl

Water

Primary Key

Record:

M Jsof8 | » M b | oo Fier | searcn

Water Sport ( )
Camping PK
Camping Cindy Lo
Climbing Jerry Martin
Climbing Jerry Martin

] L} T 4

| Quantity -  Price ~ ExtendedPrice ~ ; ;
/7 201000 1 $300.00 $300.00 ngposﬁe primary
202000 1 $130.00 $130.00 .

Foreign Key 1 2000 101100 4 $50.00 $200.00 OrderNumber+SKU
(FK 1 2000 101200 2 $50.00 $100.00
3000 100200 1 $300.00 $300.00
i 3000 101100 2 $50.00 $100.00
X i $50.00

Foreign Key 2 | |, 3000 10100 L 00

(FK 2 Record: 4 <« 10f7 | » M ¥ | & Mo Filter | [Search I‘ | »
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Foreign Key Example
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DeptID frimary. fhey EmpID

DeptName EmpName

Location Department
Foreign Key

Primary Key and Foreign Key are of the same type (string, number,
etc.) and length, but they do not necessarily have the same name.




Relationship in SQL Server Database

N

Primary Key
(PK) is indicated
by a key symbol

/

HOME-WORK-JACK...2003-mini - ERD]

Suppliers

* T SupplierlD
CompanyN...
ContactMame
ContactTitle
Address
City
Region
PaostalCode
Country
Phaone

Faoe

HomePage /

Note: in SQL Server, the
line ends do not exactly
point to the right column

Products

V4

loop symbol.

Foreign Key (FK) side is
indicated by a infinite

/

%  ProdudtD

Productia,..

SupplierID
CategoryID
QuantityP...
UnitPrice

UnitsInSto...
UnitsCnCr...
Recrderle...

Discontinu...

Order Details

2 OrderlD .

UnitPrice

L Il k

% ProductlD |?

Cruantity -

==

/

g

Orders

Employees

jes

¥ CategorylD
CategoryMame
Description

o

w

% EmployesID s
LastMams

FirstMamme
Title
TitleOfCourt...
BirthDate
HireDate
Address

City

1

3

¥ OrderlD
CustomerID
EmiployesID
CrrderDate
RequirsdDate
ShippedDate
ShipVia
Freight
Shiphame
ShipAddress
ShipCity
ShipRegicn
ShipPostalCode
ShipCountry
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Schema in Relational Databases
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J # Schema is the structure described in a formal
language supported by the database
management system (DBMS)

s It's a kind of metadata

# Relational database schema commonly
defines

= [ables: name, primary key

= Columns: name, data type, size, value range, etc.

» Constraints: all kinds of keys
s Other structures
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Database Development

__________________________________________________________________________

Requirements
Analysis
l

Conceptual Design

__________________________________________________________________________

| Logical Design
' Design |
| Physical Design

__________________________________________________________________________

Implementation: creating the
database using a DBMS software

Maintenance

3 Level

Database
Design

25
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Requirement Analysis

L

#Requirements describe what a system
should be or do

= Functional vs. non-functional requirements
= Process vs. data requirements

#Issues in requirements engineering
= How to obtain requirements?
= How to record/represent requirements?

26



3 Level Database Design

N

L

Creating an conceptual data mode/ and
associated data dictionary

Conceptual
Design

y

Transforming the conceptual model to a /ogical
data model/ which applies to a general type of
data management approaches.

Logical Design

y

Creating a physical data mode/ based on
a specific DBMS product.

Physical Design

27



Data Model
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# A model is a general and abstract
representation of something more
complicated and detailed
= Process model
= Data model
= UML model

# A data model is a general and abstract
representation of the structure of data

= Conceptual
= Logical
= Physical

28



Conceptual Modeling/Design
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/ # Conceptual data model

= A high level representation of the reality based on
human understanding

s It is abstract, simple, yet meaningful
= Not tied to any computing technologies

# Examples
= Entity Relationship Diagram (ERD)
= Semantic data model
= Concept diagram
= Data structure diagram
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Logical Modeling/Design

N
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# |ogical data model

= A specific data structure that organizes data
following specific rules (logics); for example,
mathematical or computing rules

= It is more detailed, structured, actionable and has
specific rules

m Yet it is implementation (product) independent

# Examples
» Relational data model

s Object-oriented data model
= Hierarchical data model (XML)
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Physical Modeling/Design

N
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# Physical data model

= Based on a specific implementation (a software
product), which implements the corresponding logical
data model and adds more operational details

# In database design

= More details are added to relational models that
directly support the creation of the database in a
certain database product

= DBMS product specific: data types, storage methods,
DBMS capability, proprietary functions and rules, etc.

= Including lower level details and other DBMS
structure, such as index, partition, cluster, storage,
etc.
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A Practical Process for Relational Database Design

based on the Three-Data Model Approach

L

Analyzing requirements

Create an Entity Relationship Diagram
(ERD) and associated data dictionary to
represent the reality and capture
business data requirements

Conceptual
Design

A 4

Transform ERD to the relational model:
tables, keys (constraints), etc.

Logical Design

< Normalize/de-normalize tables if necessary

A\ 4

Create the database and other supporting
structures based on a specific DBMS

Physical Design

-

Generate data definition scripts
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Summary
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# Key concepts and terms

File processing vs. database processing

Database features, advantages, and disadvantages

Database, database system, DBMS, database application

Data, metadata, database schema

Oracle, SQL Server, DB2, MySQL

Relation (and its 10 features)

Row, column, record, field, attribute

Key, primary key, candidate key, surrogate key, composite key, foreign key
SQL

@ Key concepts

Three data models and examples
+ Conceptual, logical, physical
+ ERD
+ Relational model
Three-level database design method
+ Conceptual design
+ Logical design
+ Physical design

@ Key skills

Identify/design the primary key, composite primary key, candidate keys, and foreign keys of a given
table/relation.
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Good Readings and Resources

N

# Database system
» http://en.wikipedia.org/wiki/Database
= http://en.wikipedia.org/wiki/Database _management system

# Relational model
s http://en.wikipedia.org/wiki/Relational model

# The database development life cycle
= http://openlearn.open.ac.uk/mod/oucontent/view.php?id=399373

# Data modeling 101
= http://www.agiledata.org/essays/dataModeling101.html

# Data model
m http://en.wikipedia.org/wiki/Data _model

# The database report: latest database industry news
n  http://www.tdan.com/featured columns/db report.php
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