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Overview

* Traditional database applications

— Store textual or numeric mformatlon

— mmmmLmumLmﬂmmmm@mm@ﬂmﬂmm@nmv LAZFILAT
* Multimedia databases

— Store images, audio clips, and video streams digitally
— gudayadenan (gaudeyadaniine) Idaniudeyanelugy
294 gUnn 1@es uayInle

» 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 143ipsziidagaann
Futeyaruinivg] dedudsslaminagsia wazdaelunig
fpdulalunssniiiugsia wazdniiudeyaerluglededeyad
tunstszananadeyaruin ey

Real-time and active database technology
— Control industrial and manufacturing processes
— gudayafildnruaniATadns uazauaunigsiielulsaemu

wuu Real-time (wuw vidviula)




Introduction

* Database
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* Example of a large commercial database

— fivagegudayaruinlin)luaenisgsiare g1udeyaed
Amazon.com

Introduction (cont'd.)

* Database Management System (DBMS)
— DBMS #efisanaeslisunsufiafratuite g danansnate
wazdnnisgudeya

—Tunsainegudesys azdesnmunstinzesdeya (Data
Type) Tasaisaesdaya (Structure) wazdeanin
(Constraint) m@ﬁ@g@ﬁ%ﬁmﬁﬂuﬂmﬁm@

* Meta-data

— Meta-data fa mlienu sidedesunadeyafieslugudeyn
fegnamiiulae DBMS lugiluunaes Database Catalog
viza Data Dictionary

Introduction (cont'd.)

* Manipulating a database
—nsdpnisdeyalugiudeya i nsdududaya nisufude
1938 N19AF19INENUAN

e Sharing a database
—DBMS aygyaligldeunansau viselusunsunane
Tsunsn i ldaugudesyanfon-iuls
* Application program
— Tsunsudsegnsianunsadnlfeugudeyalnanisderde

aurudaya (query) lids DBMS

Introduction (cont'd.)

* Transaction
—Transaction dsznausisdiuaasnisaiiunig iaisms
dnnsgudeya Neravinteyalugudeyaunsdaugne vive
Qnidan
* Protection includes: nstasiuguteya Usznausae
— System protection: ilasiuannmnuiaing vieaaau
@enne [ RamnnAN@sNE s
— Security protection: fesiuangldnlilaiuennin vive
annsyngninerinlideyadamne
* Maintain the database system

— i”‘umﬁwﬂ@mLﬂ@mmﬂ‘mmmsmiqiﬂms”uu uazaliunlas
m@g@imnmem Lummﬂmmmmmﬂfmtﬂmvuuumi
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Figure 1.1
A simplified database
system environment.

An Example

 UNIVERSITY database

— Information concerning (\naadasriu) students,
courses, and grades in a university environment

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

An Example (cont'd.)

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

e nvunalasaineans records aasusiaz file Taanag
nuua data type dwsudayawsiaz element
— String of alphabetic characters

— Integer
— Etc.

An Example (cont'd.)

* Construct UNIVERSITY database

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

* Relationships among the records: audunug
szudng records

* Manipulation involves querying and updating:
nsannsdagaineadesiunisasunndeya vieduAudeys

(query) waznsilfinlyadasys




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

e 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: ns
'3Lmﬁxﬁumﬁwummmﬁ@qmﬂmiwu

— Conceptual design: nsaanuuuidsuinan

— Logical design: nseanuuuidisnsng ialdnauiamas
anunsnilszananale

— Physical design: nsaanuuui@snianin daulunjinandas
Auniseanuuuieiinlsyansninlunistdmednnsdaya

> agldFauluundn

STUDENT
Name Student_number Class Major
Smith 17 1 cs
Brown 8 2 CSs
COURSE
Course_name Course_number | Credit_hours | Department
Intro to Computer Science Cs1310 4 CS
Data Structures 83320 4 cs
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 8 135 A
119 CS1310 Fall 08 Anderson
135 CS583380 Fall 08 Stone PREREQUISITE
Course_number Prerequisite_number
Figure 1.2 53380 ©s3320
A database that stares ©S3380 MATH2410
f::fﬂ;i”f course €53320 cs1ai0

RELATIONS Figure 1.3
Relation_name MNo_of_columns An example of a database
STUDENT 1 catalog for the database
in Figure 1.2,

COURSE 4

SECTION 5

GRADE_REPORT 3

PREREQUISITE 2
COLUMNS

Column_name Data_type Belongs_to_relation

Name Character (30) STUDENT

Student_number Character (4) STUDENT

Class Integer (1) STUDENT

Major Major_type STUDENT

Course_name Character (10) COURSE

Course_number JOUKNNNN COURSE

Prerequisite_number FOUKNNNN PREREQUISITE

Note: Major_type is defined as an enumerated type with all known majors.
KAKHXNNNN is used to define a type with four alpha characters followed by four digits.




Characteristics of the Database Approach

ATMUINITTRINII A LTD YA

* Traditional file processing
— nsdaiindeyauuuaain dailugilzes file Tnefidldurazau
nmuadays wazdniudeyanesiesdmivldlu software
application fanzianzaseusazau

* Database approach
—nednivdeyaluguuuresgiudeya Tnendnivdesyaldn
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Characteristics of the Database
Approach (cont'd.)

* Main characteristics of database approach:
anwuzdAyreansaniudeyalustuuuresgiudeya

— Meta-data: Data about data fia AHienu WsaAesLNE
Tayandniiverugudeya gnamivlilugudeys
1 = o ¥ ﬁ Y a dl o o Y
wiwpeonu (feyaiildesunanaaiusadeyaies)
—daya uazlusunan gnamivuenaanainiu
o ¥ A ¥ 4 o L
— avuayudayaluaneyuned pe dayad uiudldsaunun
ansnsniudasasitayunesiule
v Yy 1 o ¥
— g liuanaan awnsalddeyasoniu uardeyaainisagn
dszananalnelduaneaulinfani

Self-Describing Nature of a Database
System

* Database system contains complete definition
of structure and constraints: szuugudaya
Usznaudae n1siuualaaie uardeaninvesdaya

* Meta-data (Data about data): 14agualaseaFreues
Futeya

» Database catalog used by: Database catalog gn'd
Tnel

— DBMS software
— Database users

Insulation Between Programs and Data

* Program-data independence: Tisunsu uazfayauan
DATEANNNAU
— Tasaafrevasdeyagndaiuldlu DBMS Catalog dwueneanann
ﬁfﬂﬂﬁ‘l,miu‘ﬁﬁ@ﬂﬂﬁiLﬁWﬁG{Ij@H@ yildnswanuulaslpseadng
doyalunsenuiulsunsy (TUsunsulaianiuses compile lual)
— Operations specified in two parts: nsstunsiudeya
ATHNTDNINIY
* Interface: Tnanisszy o operation, arguments, uag
data types 1@ arguments

* Operation awnsgnuilalalaelifinanssnuiu interface




Data Abstraction

* Data abstraction
— Nsunsu uazdeya Wudaszainiu

— Tdsunsu waz operation udaszanniu

Conceptual representation of data

- {T@mmﬁﬁLmuﬂiuﬁ‘ﬂsﬂmumﬁm (conceptual) ﬁ@ doyalals
uameIEaziBtnraInsdaiu vireldlduansmaazidanues
operatlons vﬂmmLuum?ﬂm@mmmmm@mqii gnanLiveg
 folder luu

- ﬁ“ﬁuma‘%zﬁm‘:udmé‘lﬁﬁ’ﬁmﬂi’mﬂ@ﬁu DBMS Asdaansriuing
wuuaaesdaya (Data Model)

* Data model

— Data Model Aagluuuaasdoyaildlunisinavedaaly
JULLLTaUIAR

Support of Multiple Views of the Data

. Yy o VY dl 1 o 4
* View: ﬁﬂm@gjmngmy@iugmum%LLMﬂmﬂdﬂuim
— flu Subset 221 database
— isznavsmadayaiaiouasanlaunaindayandniivae/lu
gudaya uiteyaneslustiuures view lulddniivasaly
Futeya
Multiuser DBMS
— g ldaunsndnfedayaan application Auansinariule

— DBMS H&997U4281ANAZANE1UTLNITA LA Views 7
uenEaiuley users Nuannuansles

Sharing of Data and Multiuser
Transaction Processing

* Allow multiple users to access the database at
the same time: auqnli user vane-jpudnedoyaly

¥ a [ ¥
gudeyalunanmeaiuls

« Concurrency control software: software 714
ATLIANNTYINUN TN
— Concurrency control software gaevinliilaldnn e
M@’]f;l“’]ﬂu‘ﬂ‘Wﬂ’m’mV]ﬂ”ﬂTUﬂN‘IJ‘BNZQSL‘LLL’J@"ILﬁ'f.l’mu ANN1TNAILANNIT
sutlpedayalignaasniuanusenisls daalinisflgedayad
AINGNFBY

* Online transaction processing (OLTP)
application: atduayulsunsunlszananadayauun online

Sharing of Data and Multiuser Transaction
Processing (cont'd.)
* Transaction
— fluihladAtyaas database applications

—mmumiﬁmmmm"ﬁLﬁumiﬁuiﬂgaﬁﬁmLﬁmqsl,wﬁq
gudaya vivenatugudeyals

— Isolation property (fauaniin): usiaz transaction azgn
Fufiunnsuanain transaction au

— Atomicity property: mnanisaniiunisiudeya sag
ptiuns Wasaanysnl mnatunis lkanysnl feshu
ANTNLANTIDITRYA

Transaction szneudsadauamnisaniiunig ieuiusdinnisgiudesa fenar
Uiteyalugudeyaunsdougnenu wiegnidau




Actors on the Scene

Auvne e i
* Database administrators (DBA) are responsible
for: DBA sl
— fvun@ns lunsdntedeyalugudeys
— fuszanwan uazguanisligudeyareld
— Savninennsdnu software uaz hardware fiatuayunsido
Fudeya
* Database designers are responsible for: i
- ﬁwum%’mﬂ@ﬁ'%ﬁmLﬁﬂug’mﬁmg@
— Aenlasairedeyafinnzaniias Wd st iauedeyn wazsaifu
doya

Actors on the Scene (cont'd.)

* End users: yananidnldaugiudeya
—dszianaes End Users

* Casual end users: user #lferudlnaialy
* Naive or parametric end users: user w1z 1w

Bank Teller, Reservation Agency
* Sophisticated end users: user #isfasn1s ns

Uszananafifudan iy unedlaenans 1indinanziigsia
« Standalone users: user #ldsuawden iy ldsunau
A3agusine wu Tsunsniny® sy
* System analysts
— UL UATAATITHAINABIN 3T RE L
* Application programmers
— afldsunsunnAuFaInf e 1

Workers behind the Scene

AUYINULL RINA

DBMS system designers and implementers
—aanuuy wazRnse DBMS software package

* Tool developers

a Z’/ dl A ] dl ] % ¥
— 29NKUL UATARAYATEINE (tools) sinvndqeatiuayunisld

nugdeya

» Operators and maintenance personnel
— Run Tusunsy waziingednwn hardware and software
dwiuszuugudeya

Advantages of Using the DBMS Approach

* Controlling redundancy: mmmmmumm%ﬁ@mm
doyals Tnanisvin

— Data normalization ) .

— Denormalization: luunsaisfiquiunazsiesin
Denormalization (dnfiudeyadideon) aumanuizalunig
AuAudaya

. Restrlctlng unauthorized access: ajunsaiuundnslu
nadniedasa ietlesiumudamaiazfintuand suias

— il subsystem mslfnmmumuummmﬂ@@mﬂm@wm@ WAL
nuuadns N1 lddey aneer 14

— Privileged software: il software #il4&nn1sans
(authority) sine




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

* Providing persistent storage for program
objects: aunsnaniiu object wuunnasld
— Object #fAudutouly C++ agly memory ans# run
Tilsunsn anwnsagnamiivetnannaslu object-oriented

Database
— Impedance mismatch problem

* Object-oriented database systems typically
offer data structure compatibility OODB fAa

mm@m:rmmmﬂmauﬂimmmwﬂmmmﬁﬂu"Lm (smm
Tasaadsfiumnsineann Relational Database)

Impedance mismatch problem: Tyunmanuidniulalls

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

* Providing storage structures and search
technlques for efficient query processing: &
‘Emmmw@wﬂmmmumm LS mmumiummummm L‘W@

ﬂimmﬁmwiummummmﬂ@immmu Imﬂmmﬁuﬂmmmmiﬂu

— Indexes
— Buffering and caching
— Query processing and optimization

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

* Providing backup and recovery
— Backup and recovery (n1sridaya nTaAuanINT01a)
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: @141301LAUAANNENAN USRS

fayaniAnumaInane uazinesdesduiuiuane i

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

* Enforcing integrity constraints
— Referential integrity constraint: njdeiaAuzesanuduiug
TININTRYA
* Every section record must be related to a course record
— Key or uniqueness constraint: ngdesAuresanuidu
enaneni1edteya visans)redasl
* Every course record must have a unique value for
Course_number

— Business rules: ngnigsiia
— Inherent rules of the data model: ngn@unasuiain data
model iy ANANNUTTZII9a8g entities




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

* Permitting inferences (n1seus1u n1sastl) and actions using
rules
— Deductive database systems
* Provide capabilities for defining deduction rules

* Inferencing new information from the stored database
facts

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

— Stored procedures
* More involved procedures to enforce rules

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

» Additional implications of using the database
approach

— Reduced application development time: dqaaniaan
Tunswewnlsunsa

— Flexibility: Haautinmeju
— Availability of up-to-date information: vinlvidayaLiu
laq1iu

— Economies of scale: iszueinanldans

A Brief History of Database Applications

* 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 s
BTes b | Performance il 0 [ 1
CHILD Ratings

Reference:

http://wps.prenhall.com/wps/media/objects/14071/14409392/Learning_Tracks/Ess10_CHO5_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: uannsdniudayaluia
nanweanannsiauedeyaludaunda e gldliadusies
nouindayadniivluesasnaniiomeseengls asenislddoyald
NNIABATILALILUIAAUNL

— Provides a mathematical foundation for data

representation and querying: DBMS 1¥3n1s nns
ATUIINUFIUNARIAAARS uaznsRUALdays wiKld




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

* Object-oriented applications and the need for
more complex databases: dwiudeyaniianududoutaiu
doyaniansuzlaseadenliniasn
— Used in specialized applications: engineering design,

multimedia publishing, and manufacturing systems

* Interchanging data on the Web for e-commerce
using XML: dwsunisuaniasudeyauu Web
e-commerce Tngld 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)
* Databases versus information retrieval

— Information retrieval (IR)

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

When Not to Use a DBMS

* More desirable to use regular files for: lelafiliseald

Database Tneiild file dayatindunu

— Simple, well-defined database applications not
expected to change at all: dayaiilaseaineilaiduden uazlid
nniasuulag

— Stringent, real-time requirements that may not be met
because of DBMS overhead: szuufisiasnisaausmaisai s
anunsnselaannnisdanaiiinain overhead ana DBMS

— Embedded systems with limited storage capacity: szuu
EI\‘imwmm’mM@\‘mﬂmmmwam

— No multiple-user access to data: fiflddayaiiespuiaes

U

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




