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ObjectivesObjectives

�� DefinitionDefinition ofof conceptsconcepts

�� ExplainExplain growthgrowth andand importanceimportance ofof databasesdatabases

�� NameName limitationslimitations ofof conventionalconventional filefile processingprocessing

�� ClassifyClassify databasesdatabases
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�� ExplainExplain advantagesadvantages ofof databasesdatabases

�� ListList componentscomponents ofof databasedatabase environmentenvironment

�� Describe evolution of database management Describe evolution of database management 
systemssystems



An information system (IS) is a socio-technical

system, the purpose of which is to process data

and provide information to support the operations ,

Information System Definition
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management and governance of an organization

Adapted from Robert Nickerson (2009)
http://online.sfsu.edu/~rnick/mannheim/lecturerev.pdf 



Information system components model
Information & 
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Adapted from Robert Nickerson (2009)
http://online.sfsu.edu/~rnick/mannheim/lecturerev.pdf 

Communications

Software

Business Processes

Stored Data



DefinitionsDefinitions (1/2)(1/2)

•• Database: Database: organized collection of logically related organized collection of logically related 
datadata

•• Data: Data: stored representations of objects and stored representations of objects and 
events that have meaning and importance in the events that have meaning and importance in the 
user’s environmentuser’s environment
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–– Structured: numbers, text, datesStructured: numbers, text, dates
–– Unstructured: images, video, documentsUnstructured: images, video, documents

•• Information: Information: data that have been processed in data that have been processed in 
such a way as to increase the knowledge of the such a way as to increase the knowledge of the 
person who uses the dataperson who uses the data



•• Metadata: Metadata: data that describes the properties data that describes the properties 

and context of other dataand context of other data

•• Knowledge Knowledge is information that changes is information that changes 

Base de Dados

DefinitionsDefinitions (2/2)(2/2)
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•• Knowledge Knowledge is information that changes is information that changes 

something or somebody something or somebody ---- either by either by 

becoming grounds for actions, or by making becoming grounds for actions, or by making 

an individual (or an institution) capable of an individual (or an institution) capable of 

different or more effective actiondifferent or more effective action
in Drucker (2003)



Data, Information, Knowledge and Wisdom Data, Information, Knowledge and Wisdom 
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Clark, D. (n.d.). Understanding and Performance. Visto em  18-07-2009, em 
http://www.skagitwatershed.org/~donclark/performance/understanding.html



Data in context
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Context helps users understand data



Summarized data
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Graphical displays turn data into useful 
information that managers can use for 
decision making and interpretation



MetadataMetadata
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Descriptions of the properties or characteristics of the 
data, including data types, field sizes, allowable 

values, and data context



Disadvantages of File ProcessingDisadvantages of File Processing

•• ProgramProgram --DataData DependenceDependence
–– All programs maintain metadata for each file they useAll programs maintain metadata for each file they use

•• DataData RedundancyRedundancy
–– Different systems/programs have separate copies of the same Different systems/programs have separate copies of the same 

datadata

•• LimitedLimited DataData SharingSharing
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•• LimitedLimited DataData SharingSharing
–– No centralized control of dataNo centralized control of data

•• LengthyLengthy DevelopmentDevelopment TimesTimes
–– Programmers must design their own file formatsProgrammers must design their own file formats

•• ExcessiveExcessive ProgramProgram MaintenanceMaintenance
–– 80% of information systems budget80% of information systems budget



Problems with Data DependencyProblems with Data Dependency

–– EachEach applicationapplication programmerprogrammer mustmust maintainmaintain
his/herhis/her ownown datadata

–– EachEach applicationapplication programprogram needsneeds toto includeinclude
codecode forfor thethe metadatametadata ofof eacheach filefile

–– EachEach applicationapplication programprogram mustmust havehave itsits ownown
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–– EachEach applicationapplication programprogram mustmust havehave itsits ownown
processingprocessing routinesroutines forfor reading,reading, inserting,inserting,
updating,updating, andand deletingdeleting datadata

–– LackLack ofof coordinationcoordination andand centralcentral controlcontrol

–– NonNon--standardstandard filefile formatsformats



File processing systems

Duplicate Data
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Problems with Data RedundancyProblems with Data Redundancy

•• TheThe biggestbiggest problemproblem ::
–– Data changes in one file could cause Data changes in one file could cause 

inconsistenciesinconsistencies
–– Compromises in Compromises in data integritydata integrity
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–– Compromises in Compromises in data integritydata integrity
•• WasteWaste ofof spacespace toto havehave duplicateduplicate datadata
•• CausesCauses moremore maintenancemaintenance headachesheadaches



SOLUTION: SOLUTION: 
The DATABASE ApproachThe DATABASE Approach

•• CentralCentral repositoryrepository ofof sharedshared datadata
•• DataData isis managedmanaged byby aa controllingcontrolling agentagent

(DBMS)(DBMS)
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(DBMS)(DBMS)
•• StoredStored inin aa standardized,standardized, convenientconvenient formform

Requires a Database Management System (DBMS)



Database Management SystemDatabase Management System
� A software system that is used to create, maintain, and 

provide controlled access to user databases

Order Filing
System

Invoicing Central database
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DBMS manages data resources like an operating 
system manages hardware resources

Invoicing
System

Payroll
System

DBMS
Central database

Contains employee,
order, inventory, 

pricing, and 
customer data



Advantages of the Database ApproachAdvantages of the Database Approach

•• ProgramProgram --datadata independenceindependence

•• PlannedPlanned datadata redundancyredundancy

•• ImprovedImproved datadata consistencyconsistency

•• ImprovedImproved datadata sharingsharing

•• IncreasedIncreased applicationapplication developmentdevelopment productivityproductivity
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•• IncreasedIncreased applicationapplication developmentdevelopment productivityproductivity

•• EnforcementEnforcement ofof standardsstandards

•• ImprovedImproved datadata qualityquality

•• ImprovedImproved datadata accessibilityaccessibility andand responsivenessresponsiveness

•• ReducedReduced programprogram maintenancemaintenance

•• ImprovedImproved decisiondecision supportsupport



Program-data independence
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Program-data independence



EXTERNAL
VIEW 1

EXTERNAL
VIEW n

END USERS

. . .EXTERNAL
LEVEL

external/conceptual mapping

ANSI-SPARC Architecture
American National Standards Institute, Standards Planning And Requirements Committee) 
is an abstract design standard for a Database Management System (DBMS), first proposed 

in 1975. 
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INTERNAL SCHEMA

CONCEPTUAL SCHEMA

STORED DATABASE

INTERNAL
LEVEL

CONCEPTUAL
LEVEL

conceptual/internal mapping



• Physical data independence

Changes to the physical level (how the data is stored,
whether in arrays or linked lists etc.) must not require a
change to an application based on the structure

Sistema de Gestão de Bases de Dados

Program -Data independence (1/2)
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• Logical data independence

Changes to the logical level (tables, columns, rows, and
so on) must not require a change to an application
based on the structure

Logical data independence is more difficult to achieve
than physical data independence



• Integrity independence

Integrity constraints must be specified separately from
application programs and stored in the catalog. It must
be possible to change such constraints as and when
appropriate without unnecessarily affecting existing
applications

• Distribution independence

Program -Data independence (2/2)

21Version 3.2 (2013)

• Distribution independence

The distribution of portions of the database to various
locations should be invisible to users of the database.
Existing applications should continue to operate
successfully :

1. When a distributed version of the DBMS is first
introduced; and

2. When existing distributed data are redistributed
around the system



Elements of the Database ApproachElements of the Database Approach

•• DataData modelsmodels
–– Graphical system capturing nature and relationship of dataGraphical system capturing nature and relationship of data
–– Enterprise Data ModelEnterprise Data Model––highhigh--level entities and relationships for level entities and relationships for 

the organizationthe organization
–– Project Data ModelProject Data Model––more detailed view, matching data structure more detailed view, matching data structure 

in database or data warehouse in database or data warehouse 

•• RelationalRelational DatabasesDatabases
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•• RelationalRelational DatabasesDatabases
–– Database technology involving tables (relations) representing Database technology involving tables (relations) representing 

entities and primary/foreign keys representing relationshipsentities and primary/foreign keys representing relationships

•• UseUse ofof InternetInternet TechnologyTechnology
–– Networks and telecommunications, distributed databases, clientNetworks and telecommunications, distributed databases, client--

server, and 3server, and 3--tier architecturestier architectures

•• DatabaseDatabase ApplicationsApplications
–– Application programs used to perform database activities (create, Application programs used to perform database activities (create, 

read, update, and delete) for database usersread, update, and delete) for database users



Segment of an Enterprise Data Model

Segment of a Project-Level Data Model
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One customer 
may place many 
orders, but each 
order is placed by 
a single customer

� One-to-many 
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� One-to-many 
relationship



One order has 
many order lines; 
each order line is 
associated with a 
single order

� One-to-many 
relationship
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One product can 
be in many 
order lines, each 
order line refers 
to a single 
product

� One-to-many 
relationship

26Version 3.2 (2013)

relationship



Therefore, one 
order involves 
many products 
and one product is 
involved in many 
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involved in many 
orders

� Many-to-many 
relationship



Enterprise data model
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Components of the Database Environment
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Components of the Database EnvironmentComponents of the Database Environment

•• CASE Tools CASE Tools –– computercomputer--aided software engineeringaided software engineering

•• RepositoryRepository –– centralized storehouse of metadatacentralized storehouse of metadata

•• Database Management System (DBMS) Database Management System (DBMS) –– software for software for 

managing the databasemanaging the database

•• DatabaseDatabase –– storehouse of the datastorehouse of the data

•• Application Programs Application Programs –– software using the datasoftware using the data
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•• Application Programs Application Programs –– software using the datasoftware using the data

•• User Interface User Interface –– text and graphical displays to userstext and graphical displays to users

•• Database Administrators Database Administrators –– personnel responsible for personnel responsible for 

maintaining the databasemaintaining the database

•• System Developers System Developers –– personnel responsible for designing personnel responsible for designing 

databases and softwaredatabases and software

•• End Users End Users –– people who use the applications and databasespeople who use the applications and databases



• Oracle
• DB2
• SQL Server
• Informix
• Sybase

Sistema de Gestão de Bases de Dados

Commercial and Commercial and Open SourceOpen Source DBMSDBMS
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• Sybase
• Ingres
• MySQL
• Postgres
• Access
• …..



• CA Repository for Distributed Systems r2.3 –

Computer Associates

• Rochade - ASG

• Metacenter 3.8 - Data Advantage Group

Metadata

Commercial Repositories
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• Metacenter 3.8 - Data Advantage Group

• MetaMatrix Data Services Platform – Red Hat

• The InfoLibrarian Framework – Info Librarian

Corporation

• …..



Enterprise Data ModelEnterprise Data Model

��FirstFirst stepstep inin thethe databasedatabase developmentdevelopment
processprocess

��SpecifiesSpecifies scopescope andand generalgeneral contentcontent
��OverallOverall picturepicture ofof organizationalorganizational datadata atat

highhigh levellevel ofof abstractionabstraction
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highhigh levellevel ofof abstractionabstraction
��EntityEntity--relationshiprelationship diagramdiagram
��DescriptionsDescriptions ofof entityentity typestypes
��RelationshipsRelationships betweenbetween entitiesentities
��BusinessBusiness rulesrules



Example business function-to-data entity matrix
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The Range of Database Applications

•• PersonalPersonal databasesdatabases
•• TwoTwo--tiertier Client/ServerClient/Server databasesdatabases
•• MultitierMultitier Client/ServerClient/Server databasesdatabases
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•• EnterpriseEnterprise applicationsapplications
–– Enterprise resource planning (ERP) systemsEnterprise resource planning (ERP) systems

–– Data warehousing implementationsData warehousing implementations
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Two-tier database with local area network

Apresentação

Lógica
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Acesso a 
Dados



Three-tiered client/server database architecture
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Enterprise Database ApplicationsEnterprise Database Applications

•• EnterpriseEnterprise ResourceResource PlanningPlanning (ERP)(ERP)
–– Integrate all enterprise functions Integrate all enterprise functions 

(manufacturing, finance, sales, marketing, (manufacturing, finance, sales, marketing, 
inventory, accounting, human resources)inventory, accounting, human resources)
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inventory, accounting, human resources)inventory, accounting, human resources)

•• DataData WarehouseWarehouse
–– Integrated decision support system derived Integrated decision support system derived 

from various operational databasesfrom various operational databases



- Which factors do influence sales in 
Lisbon?

D
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Classification of DatabasesClassification of Databases
According to the type of useAccording to the type of use
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- Monthly sales by product in 
Lisbon?

OPERATIONAL DATABASES

E
H
O
U
S
E

OLTP

I
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I
O
N
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On Line 
Transaction 
Processing

- What is the price of

Product X?

DATA

INFORMATION

Business

Intelligence



Evolution of Database SystemsEvolution of Database Systems

��DrivenDriven byby fourfour mainmain objectivesobjectives ::
��Need for programNeed for program--data independence data independence ��

reduced maintenancereduced maintenance

��Desire to manage more complex data types Desire to manage more complex data types 
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��Desire to manage more complex data types Desire to manage more complex data types 
and structuresand structures

��Ease of data access for less technical Ease of data access for less technical 
personnelpersonnel

��Need for more powerful decision support Need for more powerful decision support 
platformsplatforms



Evolution of DBMS Evolution of DBMS 
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Database architectures
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Database architectures (cont.)
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Database architectures (cont.)
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