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Data Models, Schemas, and Instances

e Data abstraction

—Suppression of details of data organization
and storage: Lilalinaaziaanaasasslsznavdays

Lazatazidsn1aann lganiiudays
— Highlighting of the essential (1At viga anilu)

features for an |mproved understanding of
data: ez features 7idnany vidasnifiu fivinlin

mmmﬂ@m@mmmwu



Data Models, Schemas, and Instances (cont'd.)

* Data model
—Data Model: wuusanaasiayainalidinlaluin wasli

23118 IATNAT 19V 14T R A I L LLILLEUA N
— M iinlap NN Ua9taya luITAULULIAA
— Basic operations: &1 operation ﬁ”uﬂm ANFUAY
Taya wariiuilsetaya
e Specify retrievals and updates on the database
— Dynamic aspect or behavior of a database

application
e Database desigher ausnnvualian operations lan
aunm aiiunnsiudeyalugiudesys



Categories of Data Models

* High-level or conceptual data models

—Close to the way many users perceive data:
fam”m‘uﬂﬂ@Lﬂmnmmmmhmﬂﬂ

* Low-level or physical data models

—Describe the details of how data is stored on
computer storage media: afunamaaziaanasiays

1 aafiuetnglsly physical storage

* Representational data models: asinssnans
se1319 Low-Level nu High-Level
—auelusneiraes concepts Al adne uazlndifes

fusnnesiidenagnaauiulu computer storage



Categories of Data Models (cont'd.)

* Entity
— tiauedesnginieaY visatinauauuiAn (concept)
e Attribute
— 1laUeAMUANTTFTA9RINAN]A UATEIaTLNAYNUNIUBI LS
ar entity
e Relationship among two or more entities:
ANAuNUEIEndaas entity visannnna
— tilauaANANTUS uarANNNTaIil 103diayaenIng

entity
—iaualugluuuaas Entity-Relationship model



Categories of Data Models (cont'd.)

 Relational data model

—pnlfgaulugflu DBMS wuuasimanldluaantsgena

 Object data model

—flu data model Tminianwulnfirgsiu conceptual
data model dauunziudayantinanalugiuiuaes

Object Oriented Concept



Categories of Data Models (cont'd.)

* Physical data models
—astnaanHznIRniudeyasyau physical luiAtes
ARNNALADS
— Access path
o Tasagnafivinliinnsfunndieyaszsu records Tugutaya
NUsZANBNIN
—Index

* n9a$19 index lusaadnamilsans access path amn
> 4 v v = Y K o Yyw =R o g
TinnsauAudiaya visa n1sdinDsdiayanlilaamss oeinli

v K o v < dgj
19N DN LA aLEqUL



Schemas, Instances, and Database State

e Database schema

o A = o a v dl ¥ v
— ANl WseAeTLNE e IuTaya T9sTnausaelnsaasn
FUd03a LarTiindea

 Schema diagram

— Huang visatiauayuiasres SChema

e Schema construct
— Asiee/lu schema i Student uaz Course (ki

 Database state or snapshot

= I v dl o < v dl
— annuy (vizedn) sesdeyandaivlugiuieya o anlanainii



Schemas, Instances, and Database
State (cont'd.)

Figure 2.1 STUDENT

Schema diagram for the Name |Student_number | Class

Major

database in Figure 1.2,

COURSE

Course_name

Course_number

Credit_hours

Department

PREREQUISITE

Course_number

Prerequisite_number

SECTION

Section_identifier

Course_number | Semester

Year | Instructor

GRADE _REPORT

Student_number

Section_identifier | Grade

BSchema changes are usually needed as the requirements of the database applications change. Newer

database systems include operations for allowing schema changes, although the schema change

process is more involved than simple database updates.

"It is customary In database parlance to use schemas as the plural for schema, even though schemata is
the proper plural form. The word schemeis also sometimes used to refer to a schema.
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Schemas, Instances, and Database State
(cont'd.)

e Define a new database

— lunnsaiegudeyalud Aesnivus database schema el
DBMS

* Initial state
— AndiayaiENsiu AeAdayaENfutaIaINas g utieya (WWHaatHu
Tl Anvisaaniuzaasdiays Lssitatannilasules)

* Valid state
% = 1 1 =dl 4 < 1 CHI = v P4 g
— dayaazizendnesluanurngnses Asele 1lAseasnagnsies waziian
v o v v o dl o v
Iayanseriungdatieauniuualilu database schema

e Schema evolution

— Schema a1ain1sidagundasldnuainufiaenismdaglduaessuy



Three-Schema Architecture
and Data Independence

* Internal level

— asunedeianianiudeyalu physical storage uaz access path
194 database

 Conceptual level
— as1nalAnaTeresgIuteyalussauuima (concept) dwiugals
UL ATINY %maﬂugﬂmm Representational data
models

e External or view level

— faﬁmﬂﬁmmm‘l,ummwmwhqu Lme@wnzm%mmmq
HNHDY AL memwmmmiﬁmuhmmu muwimu%mmeﬁ@u% Cih

QGLGH b LN U %mummg@mmmmﬂu I?;IJGL‘I] LLB\Juﬂ‘]_IQ_jlsﬁ IR



Three-Schema Architecture
and Data Independence (cont'd.)

Figure 2.2 O ey
The three-schema e End Users 1
architecture.

External Level External External
View S View

External/Conceptual
Mapping

Conceptual Level Conceptual Schema
Conceptual/internal
Mapping

Internal Level Internal Schema

0006
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Data Independence

e Capacity to change the schema at one level of a
database system

— Without having to change the schema at the next
higher level |

— nisuiivdiayasaniilu 3 Level inliinnsulasuuilasaas schema lu
Level wils lifiuansznuiu Level fatjgandn (luifiasun Schema #
aglu Level natiginin)

o Types: anuifluaaszaasiays utaaniiu 2 dszinn ha

— Logical: unla#n conceptual schema lifinansznuiu external
schemas sisa application programs wu uiila constraint 1ua
nansenunu end user

— Physical: uilan internal schema luisinansenuriu conceptual
schema uaz external schema i n13a319 index ialiinns
aupAuteyadiau inansenuiu level au



DBMS Languages

Data definition language (DDL)
e Defines both schemas (Conceptual + Internal)

Storage definition language (SDL)
e Specifies the internal schema
View definition language (VDL)

e Specifies user views/mappings to conceptual
schema

Data manipulation language (DML)
e Allows retrieval, insertion, deletion, modification



DBMS Languages (cont'd.)

e High-level or nonprocedural DML: e.g. SQL
e Can be used on its own to specify complex database
operations concisely

e Set-at-a-time or set-oriented: iszunanalinieazuanes
record

 Low-level or procedural DML
* Must be embedded in a general-purpose
programming language (e.g. PHP)
e Record-at-a-time: ilszunanalénisay 1 record tnel¥ands
Loop sl



DBMS Interfaces

Menu-based interfaces for Web clients or
browsing

Forms-based interfaces iy Microsoft Access

Graphical user interfaces
Natural language interfaces

Speech input and output

Interfaces for parametric users: u i Interface wann
AM5UNINeNK Bank

Interfaces for the DBA



The Database System Environment

e DBMS component modules
— Buffer management: il Buffer %ifiudesaiinng: execute

e an Overhead annisenuvisaldisudayans Disk

— Stored data manager: AuRuN TN DINTiayAATAUNATA
DBMS nantfiuatlu disk iz dayaniiuatlu system catalog

— DDL compiler
— Interactive query interface

e Query compiler
. . 1 o v [ % v 1 =
 Query optimizer: mwﬂwmmmmﬂm@mu Query
Usz@Aninnau

— Precompiler: LeinA1&s DML aanann Application Program



The Database System Environment
(cont'd.)

e DBMS component modules

— Runtime database processor: execute privileged
command, query execution plan

— System catalog
— Concurrency control system
— Backup and recovery system
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Database System Utilities

Loading: Load existing data files
Backup: Creates a backup copy of the database

Database storage reorganization

— Reorganize a set of database files into different file

organizations, e.g. create new access path to improve
performance

Performance monitoring

— Monitors database usage and provides statistics to
the DBA: éwu5u monitor pn1sldeu database uazliidiaya

anmsinge nu DBA




Tools, Application Environments, and
Communications Facilities

CASE Tools: 14naw Design Phase

Data dictionary (data repository) system: aderiu

DBMS Catalog usiidiayananiAuiinaimia fasia il

— Stores design decisions, usage standards, application
program descriptions, and user information

Application development environments: wAiaile

FetnelunnsWmunlilsunsn

Communications software: yinviinansagiuiiayaciiu
ILULILATRUNE



Centralized and Client/Server Architectures for DBMSs

e Centralized DBMSs Architecture

— All DBMS functionality, application program execution, and
user interface processing carried out on one machine

Terminals [2}i5p.|ewq.f [Z}is;::_l:—:q.r o Diap_la}f
Monitor Monitor Monitor
Network
e )
Application Terminal Text
Programs Display Control Editors
DBEMS Compilers |- - -
Software
Operating System
/_ System Bus
| | ]
Controller Controller Controller | - - -
I
CPU I/O Devices
Memaory Disk (Printers,
: \ Figure 2.4
\_ Hardware/Firmware Tape Drives. .. ) A physical centralized 23

A
/ architecture.




Basic Client/Server Architectures

e Servers with specific functionalities

— File server

e Maintains the files of the client machines.

— Printer server

e Connected to various printers; all print requests by the
clients are forwarded to this machine

— Web servers or e-mail servers

 Client machines

— Provide user with:
e Appropriate interfaces to utilize these servers
e Local processing power to run local applications



Client Client Client
Metwork
Print File DBMS
Server Server Server
Diskless Client
Client with Disk Server
- T,
. _T_
Server
Client
Site 1 Site 3
e
Figure 2.6 Communication

Physical two-tier client/server

architecture.,

Metwork

Figure 2.5
Logical two-tier
client/server
architecture.

Server
and Client
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Basic Client/Server Architectures
(cont'd.)

e Client

— User machine that provides user interface
capabilities and local processing

e Server
— System containing both hardware and software
— Provides services to the client machines

e Such as file access, printing, archiving, or database
access



Two-Tier Client/Server Architectures for DBMSs

e Server handles

— Query and transaction functionality related to SQL
processing

* Client handles
— User interface programs and application programs

e Open Database Connectivity (ODBC)
— Provides application programming interface (API)

— Allows client-side programs to call the DBMS

e Both client and server machines must have the
necessary software installed

* JDBC

— Allows Java client programs to access one or more
DBMSs through a standard interface



Three-Tier and n-Tier Architectures for
Web Applications

* Application server or Web server

— Adds intermediate layer between client and the
database server

— Runs application programs and stores business
rules

e N-tier

— Divide the layers between the user and the stored
data further into finer components



Client

Application Server
or
Web Server

Database

Figure 2.7 Server

Logical three-tier client/server
architecture, with a couple of
commonly used nomenclatures.
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Classification of Database Management Systems

e Data model
* Relational
 Object
* Hierarchical and network (legacy)
 Native XML DBMS

e Number of users smrim
1 \ COURSE_OFFERINGS IS_A
* Single-user \
“\STUDENT_GRADES

SECTION PREREQUISITE

e Multiuser \.
\\ ATGNG RADES
N\

GRADE_REPORT

Example of Network Model



Classification of Database
Management Systems (cont'd.)

e Number of sites
e Centralized

e Distributed

e Homogeneous: use the same DBMS software at all the sites

 Heterogeneous: can use different DBMS software at each
Site

e Cost

e Open source
o Different types of licensing



Summary

Concepts used in database systems
Main categories of data models

Types of languages supported by DMBSs
Interfaces provided by the DBMS

DBMS classification criteria:

— Data model, number of users, number of sties,
access paths, cost
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