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Computer Science 202Computer Science 202
Database Systems:Database Systems:

File systems and Database File systems and Database 
StructuresStructures
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ObjectivesObjectives

To develop the main database system conceptsTo develop the main database system concepts
To show the evolution of database systems from To show the evolution of database systems from 
computer file systemscomputer file systems
To show that database design is a crucial first To show that database design is a crucial first 
step in the development and proper use of step in the development and proper use of 
database systemsdatabase systems
To understand the main DBMS functionsTo understand the main DBMS functions
To describe the database environmentTo describe the database environment
To introduce the student to the basics of To introduce the student to the basics of 
different types of database systemsdifferent types of database systems
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Data vs. InformationData vs. Information

Data is the building blocks of informationData is the building blocks of information
Information is produced by processing Information is produced by processing 
datadata
Information makes meaningful use of dataInformation makes meaningful use of data
Information is used for decision makingInformation is used for decision making
Good decision making is important for an Good decision making is important for an 
organisationorganisation
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What is a Database?What is a Database?

Database is a repository which holds data itemsDatabase is a repository which holds data items
nn User dataUser data
nn Meta dataMeta data

Allows for data to be stored in an orderly mannerAllows for data to be stored in an orderly manner
Database Management System ( DBMS)Database Management System ( DBMS)
nn Manages data structuresManages data structures
nn Controls AccessControls Access
nn Data Query languageData Query language
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DBMS rolesDBMS roles

More efficient management of dataMore efficient management of data
Query language allows for adQuery language allows for ad--hoc querieshoc queries
Reduces likelihood of inconsistent dataReduces likelihood of inconsistent data
Provides better Access to more and better Provides better Access to more and better 
managed data than historical methodsmanaged data than historical methods
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DBMS InteractionDBMS Interaction
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Database OriginsDatabase Origins

First ‘applications’ were manual clerical tasksFirst ‘applications’ were manual clerical tasks
Were difficult to fulfil requests for summary Were difficult to fulfil requests for summary 
information , rather than just providing datainformation , rather than just providing data
File systems were developed to address the File systems were developed to address the 
requirements:requirements:
nn Organised layout of data based on expected usageOrganised layout of data based on expected usage
nn Manual file systems were computerised Manual file systems were computerised 
nn Creation of the job of a Data processing specialistCreation of the job of a Data processing specialist
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File System TerminologyFile System Terminology

DataData
nn The raw factsThe raw facts

FieldField
nn A group of characters/bytes with a specific meaningA group of characters/bytes with a specific meaning

RecordRecord
nn Logically related fields, that describe an object/entityLogically related fields, that describe an object/entity

FileFile
nn A collection of related recordsA collection of related records
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File SystemsFile Systems

File System Data ManagementFile System Data Management
nn Requires extensive complex programming in Requires extensive complex programming in 

a 3GLa 3GL
nn Time consuming and labour intensive Time consuming and labour intensive 
nn AdAd--Hoc queries are difficult to runHoc queries are difficult to run
nn Management systems produce a set of Management systems produce a set of 

canned queries or reportscanned queries or reports
nn Difficult to integrate Difficult to integrate –– leads to islands of leads to islands of 

informationinformation
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File SystemsFile Systems

Data IndependenceData Independence
nn A change in a file’s data characteristics A change in a file’s data characteristics 

require rebuild of applicationsrequire rebuild of applications
nn Access programs have to be explicitly coded Access programs have to be explicitly coded 

as to how to perform operationsas to how to perform operations
nn Cumbersome to use form both the Cumbersome to use form both the 

programming and management perspectivesprogramming and management perspectives
Structural dependenceStructural dependence
nn A chance in the underlying file structure A chance in the underlying file structure 

requires all related applications to be changedrequires all related applications to be changed
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File SystemsFile Systems

Field Definitions and Naming ConventionsField Definitions and Naming Conventions
nn Flexible record definition anticipates reporting Flexible record definition anticipates reporting 

requirementsrequirements
nn Selection of proper field names importantSelection of proper field names important
nn Attention to length of field namesAttention to length of field names
nn Use of unique record identifiersUse of unique record identifiers
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File SystemsFile Systems

Data RedundancyData Redundancy
nnDifferent and conflicting versions of same Different and conflicting versions of same 

datadata
nnResults of uncontrolled data redundancyResults of uncontrolled data redundancy

Data anomaliesData anomalies
nn ModificationModification
nn InsertionInsertion
nn DeletionDeletion

Data inconsistencyData inconsistency
nn Lack of data integrityLack of data integrity
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File Systems ExampleFile Systems Example
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Database SystemsDatabase Systems

Database consists of logically related data Database consists of logically related data 
stored in a single repositorystored in a single repository
Provides advantages over file system Provides advantages over file system 
management approachmanagement approach
nn Eliminates inconsistency, data anomalies, Eliminates inconsistency, data anomalies, 

data dependency, and structural dependency data dependency, and structural dependency 
problemsproblems

nn Stores data structures, relationships, and Stores data structures, relationships, and 
access pathsaccess paths
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DB vs. File systemDB vs. File system
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Database System TypesDatabase System Types

SingleSingle--user vs. Multiuser vs. Multi--user Databaseuser Database
nn DesktopDesktop
nn WorkgroupWorkgroup
nn EnterpriseEnterprise

Centralised vs. DistributedCentralised vs. Distributed
Database UsageDatabase Usage
nn Production or transactionalProduction or transactional
nn Decision support or data warehouseDecision support or data warehouse
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DBMS FunctionsDBMS Functions

Data dictionary managementData dictionary management
Data storage managementData storage management
Data transformation and presentationData transformation and presentation
Security managementSecurity management
MultiMulti--user access controluser access control
Backup and recovery managementBackup and recovery management
Data integrity managementData integrity management
Database language and application            Database language and application            
programming interfaces    programming interfaces    
Database communication interfacesDatabase communication interfaces
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Database ModelsDatabase Models

Collection of logical constructs used to Collection of logical constructs used to 
represent data structure and relationships represent data structure and relationships 
within the databasewithin the database
nn Conceptual models: logical nature of data Conceptual models: logical nature of data 

representationrepresentation
nn Implementation models: emphasis on how the Implementation models: emphasis on how the 

data are represented in the databasedata are represented in the database
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Database ModelsDatabase Models

Collection of logical constructs used to represent data Collection of logical constructs used to represent data 
structure and relationships within the databasestructure and relationships within the database
nn Conceptual Relationships in Conceptual ModelsConceptual Relationships in Conceptual Models
nn OneOne--toto--one (1:1)one (1:1)
nn OneOne--toto--many (1:M)many (1:M)
nn ManyMany--toto--many (M:N)many (M:N)

Implementation Database ModelsImplementation Database Models
nn Hierarchical Hierarchical 
nn Network Network 
nn Relational Relational 
nn models: logical nature of data representationmodels: logical nature of data representation
nn Implementation models: emphasis on how the data are Implementation models: emphasis on how the data are 

represented in the databaserepresented in the database
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Database Structural ModelsDatabase Structural Models

Five main database modelsFive main database models
nn HierarchicalHierarchical
nn NetworkNetwork
nn RelationalRelational
nn Entity RelationEntity Relation
nn Object OrientatedObject Orientated
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HierarchicalHierarchical

Logically based on an inverted TreeLogically based on an inverted Tree
nn Consists of nodes with relationshipsConsists of nodes with relationships
nn Each node can only have one parentEach node can only have one parent
nn Each node can have multiple childrenEach node can have multiple children
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HierarchicalHierarchical

AdvantagesAdvantages
nn Conceptual simplicityConceptual simplicity
nn Database security and integrityDatabase security and integrity
nn Data independenceData independence
nn EfficiencyEfficiency

DisadvantagesDisadvantages
nn Complex implementationComplex implementation
nn Difficult to manage and lack of standardsDifficult to manage and lack of standards
nn Lacks structural independenceLacks structural independence
nn Applications programming and use complexityApplications programming and use complexity
nn Implementation limitationsImplementation limitations
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NetworkNetwork

Based on the concepts of Sets (Relations)Based on the concepts of Sets (Relations)
nn Set consists of an Owner and Member recordsSet consists of an Owner and Member records
nn Member may have many ownersMember may have many owners
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NetworkNetwork

AdvantagesAdvantages
nn Conceptual simplicityConceptual simplicity
nn Handles more relationship typesHandles more relationship types
nn Data access flexibilityData access flexibility
nn Promotes database integrityPromotes database integrity
nn Data independenceData independence
nn Conformance to standardsConformance to standards

DisadvantagesDisadvantages
nn System complexitySystem complexity
nn Lack of structural independenceLack of structural independence
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Relational Relational 

User perception is of data stored in a  collection User perception is of data stored in a  collection 
of tables of tables 
nn Tables are a collection of row/column intersectionsTables are a collection of row/column intersections
nn Tables are interTables are inter--related through the sharing of a  related through the sharing of a  

common entity attributecommon entity attribute
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Relational Relational 

AdvantagesAdvantages
nn Structural independenceStructural independence
nn Improved conceptual simplicityImproved conceptual simplicity
nn Easier database design, implementation, Easier database design, implementation, 

management, and use     management, and use     
nn Ad hoc query capability with SQLAd hoc query capability with SQL
nn Powerful database management systemPowerful database management system

DisadvantagesDisadvantages
nn Substantial hardware and system software overheadSubstantial hardware and system software overhead
nn Poor design and implementation is made easyPoor design and implementation is made easy
nn May promote “islands of information” problemsMay promote “islands of information” problems
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Entity Relationship Entity Relationship 

Based on the Relational Model conceptsBased on the Relational Model concepts
nn Uses an EntityUses an Entity--Relation Diagram for representationRelation Diagram for representation
nn Based on Entities, Attributes and RelationshipsBased on Entities, Attributes and Relationships
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Entity RelationshipEntity Relationship

AdvantagesAdvantages
nn Exceptional conceptual simplicityExceptional conceptual simplicity
nn Visual representationVisual representation
nn Effective communication toolEffective communication tool
nn Integrated with the relational database modelIntegrated with the relational database model

DisadvantagesDisadvantages
nn Limited constraint representationLimited constraint representation
nn Limited relationship representationLimited relationship representation
nn No data manipulation languageNo data manipulation language
nn Loss of information contentLoss of information content
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Object OrientatedObject Orientated

Entity abstractions are stored as Entity abstractions are stored as 
objectsobjects
nn Attributes are stored as object Attributes are stored as object 

propertiesproperties
nn Object Methods represent realObject Methods represent real --

world actionsworld actions
nn Similar objects are collected in a Similar objects are collected in a 

classclass
nn Classes are organised in a class Classes are organised in a class 

hierarchyhierarchy
nn Objects can inherit methods and Objects can inherit methods and 

properties from parent classesproperties from parent classes
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Object OrientatedObject Orientated

AdvantagesAdvantages
nn Adds semantic contentAdds semantic content
nn Visual presentation includes semantic contentVisual presentation includes semantic content
nn Database integrityDatabase integrity
nn Both structural and data independenceBoth structural and data independence

DisadvantagesDisadvantages
nn Lack of OODMLack of OODM
nn Complex navigational data accessComplex navigational data access
nn Steep learning curveSteep learning curve
nn High system overhead can lead to slows transactionsHigh system overhead can lead to slows transactions


