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Overview

* Traditional database applications

— Store textual or numeric information
— g udeyanuusiuanlidnnuieyaneylugluesdnasy wazmaial

 Multimedia databases
— Store images, audio clips, and video streams digitally
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 Geographic information systems (GIS)

— Store and analyze maps, weather data, and satellite

images
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Overview (cont'd.)

 Data warehouses and online analytical processing
(OLAP) systems
— Extract and analyze useful business information
from very large databases
— Support decision making
—Data Warehouses uaz OLAP 1431asnz1idagyaann
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* Real-time and active database technology

— Control industrial and manufacturing processes
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Introduction

Database
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e Example of a large commercial database
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Introduction (cont'd.)

 Database Management System (DBMS)
—DBMS ﬁfaﬁmmmiﬂmmu‘ﬁ'zqgé‘ﬂﬁ”wﬁ@lﬁB’fﬂ?‘ﬁmmm@%ﬁq
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—lunisasgutaya azaasnvunttinuastaya (Data
Type) Tassasrsaastaya (Structure) wazaadnnn
(Constraint) sastayaiazaniulugrudaya

* Meta-data

— Meta-data fia Anfianu vitededunadeyaiaslugiudesys
degndmiulae DBMS lustuunaes Database Catalog
visa Data Dictionary



Introduction (cont'd.)

 Manipulating a database
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* Sharing a database

—DBMS aygaliglisnunananu vizalilsunsumans
Tdsunsa Winlferugrudiayansas-iuls

e Application program
— ldsunsndszendannnsainlianugutiayalaanisdands
aufudaya (query) ludds DBMS



Introduction (cont'd.)

e Transaction

— Transaction isznauftadiurainisaniiiunig assms
dan1sgudieys Ne1aninlideyalugudieyausdiugnanu vise
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* Protection includes: nsilasiugiuteya dsznavumas

— System protection: flasiuainaruialng visamau
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— Security protection: Yasiuanglnlilasuaynie vise
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* Maintain the database system
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Figure 1.1
A simplified database
system environment.



An Example

e UNIVERSITY database

— Information concerning (:naadesrin) students,
courses, and grades in a university environment

e Data records
— STUDENT
— COURSE
— SECTION
— GRADE_REPORT
— PREREQUISITE



An Example (cont'd.)

e Specify structure of records of each file by
specifying data type for each data element

* MuUunlATIEs19a9 records aasusas file Tns
n1s nvun data type drusurayausas

element
— String of alphabetic characters

— Integer
— Etc.



An Example (cont'd.)

e Construct UNIVERSITY database

— Store data to represent each student, course,
section, grade report, and prerequisite as a record
in appropriate file

e Relationships among the records: anuduiug
3yndne records

 Manipulation involves querying and updating:
n19aANNstayainendesiunsaaunndaya WFeALIAUIAYA
(query) waznisiiuilyeiiaya



An Example (cont'd.)

 Examples of queries:
— Retrieve the transcript

— List the names of students who took the section of
the ‘Database’ course offered in fall 2015 and
their grades in that section

— List the prerequisites of the ‘Database’ course

 Examples of updates:
— Change the class of ‘Smith’ to sophomore

— Create a new section for the ‘Database’ course for
this semester

— Enter a grade of ‘A’ for ‘Smith’ in the ‘Database’
section of last semester



An Example (cont'd.)

* Phases for designing a database:
— Requirements specification and analysis
— Conceptual design
— Logical design
— Physical design

=2 azlaFauluundn qld



STUDENT

Mame Student_number Class Major
Smith 17 1 CS
Brown 8 2 CS
COURSE
Course_name Course_number | Credit_hours | Department
Intro to Computer Science C51310 4 Cs
Data Structures CS53320 4 CSs
Discrete Mathematics MATH2410 3 MATH
Database CS3380 3 Cs
GRADE_REPORT
Student_number Section_identifier Grade
SECTION 17 112 B
Section_identifier | Course_number | Semester Year Instructor 17 119 C
85 MATH2410 Fall 07 King 8 85 A
92 CS1310 Fall 07 Anderson 8 92 A
102 CS3320 Spring 08 Knuth 8 102 B
112 MATH2410 Fall 08 | Chang 8 139 A
119 CS1310 Fall 08 Anderson
135 CS3380 Fall 08 Stone PREREQUISITE
Course_number Prerequisite_number
Figure 1.2 53380 C53320
A database that stores 53380 MATH2440
IS:? jﬂ;ﬁ”ﬁ course CS3320 CS1310
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RELATIONS

Relation_name

Mo of columns

STUDENT 4

COURSE 4

SECTION 5

GRADE_REPORT 3

FREREQUISITE 2
COLUMNS

Column_name Data_type Belongs_to_relation

Mame Character (30) STUDENT
Student_number Character (4) STUDENT
Class Integer (1) STUDENT
Major Major_type STUDENT
Course_name Character (10) COURSE
Course_number HHXXXNNNN COURSE
Prerequisite_number HHXXXNNNN PRERECQUISITE

Note: Major_type is defined as an enumerated type with all known majors.

HHXXNNNN iz used to define a type with four alpha characters followed by four digits.

Figure 1.3

An example of a database
catalog for the database
in Figure 1.2,
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Characteristics of the Database Approach

Q/

ATAUINTURINIFIANLTAYA

* Traditional file processing

— ndpivdayauuuasian danivlugilaes file Tnewngdldusdazau

nuundaya wazaniudeyarassaesdnitldly software
application fNanizianzasaasusazais

e Database approach
—nsaniudeyalugluuuresgudeya Inandnnudeyalin
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Characteristics of the Database
Approach (cont'd.)

 Main characteristics of database approach:
ANBEUZAIATY2RIN1IIALI LT YA gL uLL 89 1uTays

— Meta-data: Data about data Aa AN%ieNy visaAIa5LNe
Tayananiveg lugudeya gnaniuliluguiesya
1 = o ¥ dl Y Aa dl v o Y
ey (Teyan desuienaaiusiiayaes)
— daya wazlilsunsy gnaniulanaanaIniy
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Self-Describing Nature of a Database
System

e Database system contains complete definition
of structure and constraints: szuuguieya

U3enausae N1INIUUATATNEATIN UALTDINT AN

e Meta-data (Data about data): 1dagunalaseasng
UBIFIUADYA

e Database catalog used by: Database catalog gnl4
Tnel

— DBMS software
— Database users



Insulation Between Programs and Data

* Program-data independence: Tisunsu uaztayaunan
AATZANNUY

— Tnseasaasdayagnantiulily DBMS Catalog @suginaanann
o/ Qi 4 Y KR v o v Qi v
FallsinsunsesniIsinnetaya 1 linnsdasunlaslngeasng

dayalinsenuiuitsunsy (Tdsunsulisanfludias compile n)

— Operations specified in two parts: nisativnisiudays
ANNTONHY

o :
 Interface: Inannsszy 18 operation, arguments, way
data types 183 arguments

e Operation awwnsgnuiilalilealiinansznuiu interface



Data Abstraction

* Data abstraction
— Tilsunsn wazdaya Wuaaszainmiu

— lusunsu waz operation uagaszainiu

 Conceptual representation of data

—dayagninaualugilass conceptual aa dayalilsians
PaaziRanraInNITaany vize lllflansaazinanaes

operations MsﬁmLuum@ﬂm@mmmmm@mqiﬁ
e Data model

— Data Model Asgilutiuaasdayanldlunisinauediayalu
stuuu conceptual



Support of Multiple Views of the Data

Y Y

 View: gldsusiayaluynuasnuansanenula

— 11l1 Subset 2199 database

— tsznausnsdiayalalauaed lhunaindayananiiuaslu

Y 1Y ai 1 . M v o [~ =Y
UL A witayanas| lugluuLues view TWlaamnuagalu
FIULALA
49 C1|
e Multiuser DBMS
e v Yy KR v . . dl 1 (%4 Y
— i lassainnetiayaann application NUANFAINAULE

— DBMS 29819408 ANNAZAINANUSLNITNNAUA Views P
LANFANNAULA users Nuatnuane ba



Sharing of Data and Multiuser
Transaction Processing

e Allow multiple users to access the database at the
same time: ayanlii user nanepwdinnslayalug uiiayalu

= o v
NAAEINULA

 Concurrency control software: software #ldaunx
NN UNSAN ) NU

— Concurrency control software daeinliisiulalédn §lduana-aun
nengxNazliulssdiayalunamaaiu a1nsnatuaNnisl L ssdiesali

4 A v £ o v = v
gnéieIRINANNARINITLA daualiinislfutlpsdiayaiainugniias

* Online transaction processing (OLTP) application:
aduayulilsunsunlszuianatayawuu online



Sharing of Data and Multiuser Transaction
Processing (cont'd.)

* Transaction

— iflwialadAtyaas database applications

—mmumicﬁlmmiaéﬂLﬁumiﬁ’u%mg@ﬁf%/mLﬁwmgﬂuwfiq
gudieya visanaugiuieyals

— Isolation property (nauaniis): wsaz transaction azgn
ANLHKNTIENANN transaction %Iw]

— Atomicity property: wnunisaiiiunisiudeys fiag
AHUNTT WilgTaanysal vanaiiunisldany sl fesAu
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Transaction dsznausiaadiuaeanizaiiiunig inelsusdnnisgiudeya 1a1an0

Tideyalugiuieyausdaugnans visegniae




Actors on the Scene

24
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* Database administrators (DBA) are responsible
for: DBA vnuting

— NMUAANT lun13dinDedieyalugudiesya
— Husranuanu uaenuanisligiudeyaves |
— Sauminennsénu software uaz hardware figsfuayunislfom
U139
e Database designers are responsible for: g
—-ﬁﬂwum%@gaﬁ@zﬁhﬁﬁﬂugﬂu%@ga
— denlaseainadayafivunzanfiasldmininauedeys wazdaiy
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Actors on the Scene (cont'd.)

cai v v v
e End users: uﬂmmmﬂﬁﬁmugwm@y@
—lszinanuae End Users

e Casual end users: user #4nuilnainalyl
 Naive or parametric end users: user \anz \iu

Bank Teller, Reservation Agency
e Sophisticated end users: user #nasnis n1s

Uszananandudau iy WnadinAians WndlAsiigsia
» Standalone users: user Mdanupuiias 1du
Tdsunsudnsagiane s viu Tdsunsudayd {lusu
e System analysts
— 1AUIIUIIN LATIATIEUAIINABINTUDIE b

* Application programmers
— A374911UNTNANNAINABINTUDIE 1T



Workers behind the Scene

AUNTIULLDINARY

e DBMS system designers and implementers
—aanuuu waznmase DBMS software package

* Tool developers
— AENULL LAZAAFALAEale (tools) mmwmmumuumﬂﬁn
U TR

e Operators and maintenance personnel

— Run Tdsunsy waziingednmn hardware and software
AMTUITULFIUTRYA



Advantages of Using the DBMS Approach

« Controlling redundancy: anusnmauasAsdfenwees
dayals Taen19nn
— Data normalization ) |
— Denormalization: Tuunepdeiqqiilunassiesyi
Denormalization (datiudayadnfan) iatinaaiuizalunig
AUAUTaYA
. Restrlctmg unauthorized access: ajusnmunganslu
madinfetieya WetlosfuanuiBemeiaz mmumrmwiumwﬁ
— # subsystem ‘vﬂfﬁmm‘um‘mummmﬂ@@mﬂmmm@g@ AL
NINUARNT ln19utin lddaaaar |

_ Privileged software: & software #1%san1sana
(authority) sine



Advantages of Using the DBMS
Approach (cont'd.)

* Providing persistent storage for program
objects: anunmnaniiu object wuuninsls

— Object Aflannduialy C++ *ﬁ'@g'sl,u memory 2auzfl run
lsunsn aunsagnaaAveinennesll object-oriented
Database

— Impedance mismatch problem

e Object-oriented database systems typically
offer data structure compatibility: OODB As

dyansnizasnisaualasaiisdiayanidinduls (Tei
TAseasanumnmnean Relational Database)

Impedance mismatch problem: fToyunaanudiniulals




Advantages of Using the DBMS
Approach (cont'd.)

* Providing storage structures and search
technlques for efficient query processing: &
Im\mmwmwﬂmmﬂumm LN L%ﬂuﬂiuﬂ’]?ﬂu‘lﬂﬂﬂjﬂﬁ\lﬂ L‘V\l‘ﬂ

ﬂ@vzﬁwﬁmwiumﬁ‘ﬂwwmg@imLj‘qmu ENVEDEIRERE X e lalil

— Indexes
— Buffering and caching
— Query processing and optimization



Advantages of Using the DBMS
Approach (cont'd.)

 Providing backup and recovery
— Backup and recovery (n15027aya WSAAUANTNTIANA)

subsystem of the DBMS is responsible for recovery

* Providing multiple user interfaces
— Graphical user interfaces (GUIs)

 Representing complex relationships among data

— May include numerous varieties of data that are
interrelated in many ways: @14190ELAUAANNANNUTUDS

IayanimauaInuany wazinerliasduiusiunan s



Advantages of Using the DBMS
Approach (cont'd.)

e Enforcing integrity constraints
— Referential integrity constraint
e Every section record must be related to a course record

— Key or uniqueness constraint

e Every course record must have a unique value for
Course_number

— Business rules

— Inherent rules of the data model: ngnaunanuiain
data model \u ANANNUTTZ9I19aag entities



Advantages of Using the DBMS Approach
(cont'd.)

e Permitting inferences (n17eus1u n15431) and actions using
rules
— Deductive database systems
e Provide capabilities for defining deduction rules

* Inferencing new information from the stored database
facts

e e.g. Create new student must under the defined rules
— Trigger
* Rule activated (nszsu) by updates to the table

— Stored procedures
 More involved procedures to enforce rules



Advantages of Using the DBMS
Approach (cont'd.)

e Additional implications of using the database
approach

— Reduced application development time: dqaaniaan
Tun199WeN1N T TN TN

— Flexibility: ipautinueu
— Availability of up-to-date information: nnlvidayaiily
taq1iy

— Economies of scale: Uszusinanldans



A Brief History of Database Applications

e Early database applications using hierarchical and
network systems
— A data model in which the data is organized into a tree-like

structure. The data is stored as records which are connected
to one another through links.

A hierarchical database for a human resources system.

ROOT

FIRST
CHILD

SECOND DS
CHILD Ratings

Reference: http://wps.prenhall.com/wps/media/objects/14071/14409392/Learning_Tracks/

Ess10_CHos5 LT3 _Hierarchical _and_Network Data_Models.pdf >



A Brief History of Database
Applications

* Providing data abstraction and application
flexibility with relational databases

— Separates physical storage of data from its
conceptual representation

— Provides a mathematical foundation (Wugnulunis

ANLNTUNNATIRANER3) for data representation and
querying



A Brief History of Database
Applications (cont'd.)

 Object-oriented applications and the need for
more complex databases

— Used in specialized applications: engineering design,
multimedia publishing, and manufacturing systems

* |nterchanging data on the Web for e-commerce
using XML: nvsuanilasuiiayati Web duiu

e-commerce Ineld eXtensible Markup Language (XML)

— XML primary standard for interchanging data among
various types of databases and Web pages



A Brief History of Database
Applications (cont'd.)

 Extending database capabilities for new
applications

— Enterprise resource planning (ERP)
— Customer relationship management (CRM)

e Databases versus information retrieval

— Information retrieval (IR)

e Deals with books, manuscripts, and various
forms of library-based articles



When Not to Use a DBMS

* More desirable to use regular files for: alanlisiesld
Database Tneild file dayatnsuny
— Simple, well-defined database applicatipns not
expected to change at all: dayaiinsaairanlaidudon wazlad
ngilasuutlas

— Stringent, real-time requirements that may not be met
because of DBMS overhead: szuunfiasnisaanuganianly

a1ungnaliannnindsaininaann overhead 2e9 DBMS
— Embedded systems with limited storage capacity: seuu

q/ald

e nilfednTnaeefinlddniiudonya
— No multiple-user access to data: #fl4dayaineeaniaen



Summary

Database

— Collection of related data (recorded facts)
DBMS

— Generalized software package for implementing
and maintaining a computerized database

Several categories of database users

Database applications have evolved
— Current trends: IR, Web
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