
Database Design



The Information System
• The database is part of a larger whole known as 

an information system (IS)

– Provides for data collection, storage, and retrieval

• People, hardware, and software

• Database(s), application programs, and procedures

• Systems analysis: establishes need for and 

extent of information system

– Systems development: process of creating 

information system



The Information System (con’t)

• Performance factors of an information system

– Database design and implementation

– Application design and implementation

• User interface

• Business logic

– Administrative procedures

• Control and security

• Database development

– Process of database design and its implementation



Systems Development Life Cycle 

(SDLC)
• Traces history of an information system

– Provides a picture within which database design and application 

development are mapped out and evaluated

• Traditional SDLC is divided into several phases

– Planning: yields a general overview of the company and its objectives

– Analysis: problems defined during planning phase are examined in 

greater detail

– Detailed systems design: designer completes the design of the system’s 

processes

– Implementation: hardware, DBMS software, and application programs 

are installed, and the database design is implemented

– Maintenance: corrective, adaptive, and perfective 



SDLC (con’t)



SDLC Pros & Cons

• Major advantages
– Control

– Accountability

– Error detection

• Major drawbacks
– Relatively inflexible

– Time-consuming and expensive

– Discourages changes once user requirements are done

– Becomes unstable if the initial requirements are 
significantly in error or if they change much



SDLC Pros & Cons (con’t)
• Big IT projects are getting harder to complete 

successfully as evidenced by project success 

rates:
– Projects over $10 million have success rates of only 2%

– Projects between $3 and $10 million have success rates 

from 23% to 11%

– Projects under $3 million have success rates from 33% to 

46%

• Thus alternatives to the classical SDLC have 

been developed



The Database Life Cycle

• The Database Life Cycle (DBLC) contains six phases

– Database initial study: define problems, constraints, objectives, scope, 

and boundaries

– Database design: making sure that the final product meets user and 

system requirements

– Implementation and loading: DBMS is installed, database is created, and 

data is loaded or converted 

– Testing and evaluation: database is tested, fine-tuned, and evaluated 

• Full backup/dump: all database objects are backed up in their entirety

• Differential backup: only modified/updated objects since last full backup are 

backed up

• Transaction log backup: only the transaction log operations that are not 

reflected in a previous backup are backed up

– Operation: problems are identified and solutions implemented 

– Maintenance and evolution: preventative, corrective, adaptive, etc. 



The Database Life Cycle (con’t)



The Database Life Cycle (con’t)



Sources of Database Failuers



DBLC & SDLC



Conceptual Design
• Goal: design a database independent of database 

software and physical details

– Conceptual data model: describes main data entities, 

attributes, relationships, and constrains

• Designed as software and hardware independent

• Minimum data rule

– All that is needed is there, and all that is there is 

needed



Conceptual Design Steps



Conceptual Design Steps (con’t)

• Data analysis and requirements

– Designers efforts are focused 

• Information needs, users, sources and constitution

– Answers obtained from a variety of sources

• Developing and gathering end-user data views

• Directly observing current system: existing and desired output

• Interfacing with the systems design group

• Entity relationship modeling and normalization

– All objects (entities, attributes, relations, views, and so on) 

are defined in a data dictionary, which is used in tandem 

with the normalization process



Developing the Conceptual 

Model via ER



Iterative ER Model Process



Conceptual Design Tools and Info



Conceptual Design Steps (con’t)

• Data model verification 

– Verified against proposed system processes 

– Run through a series of tests 

• Important concepts

– Module: information system component that handles specific 

business function

– Cohesivity: strength of the relationships among the module’s 

entities

– Module coupling: extent to which modules are independent 

to one another

• Low coupling decreases unnecessary intermodule dependencies



ER Verification



DBMS Software Selection

• Factors that affect the purchasing

– Cost

– Size of the database (# of entities and # of each 

entity instances)

– DBMS features and tools

– IS staff skill level

– Underlying model

– Portability

– DBMS hardware requirements



Logical Design

• Goal: design an enterprise-wide database that is 

based on a specific data model but independent 

of physical-level details

– Requires that all objects in the conceptual model be 

mapped to the specific constructs used by the 

selected database model

• Validates logical model

– Using normalization

– Integrity constraints

– Against user requirements



Logical Design Steps



Mapping Conceptual Model to 

Relational Model



Physical Design

• Process of data storage organization and data 

access characteristics of the database; ensures 

integrity, security, and performance

– Define data storage organization

• Allocate physical disk units to tables and indices

– Define integrity and security measures

– Determine performance measures



Database Design Strategies
• Top-down design starts by identifying the data sets and then 

defines the data elements for each of those sets

– Involves the identification of different entity types and the definition of 

each entity’s attributes

• Bottom-up design first identifies the data elements (items) and 

then groups them together in data sets

– First defines attributes, and then groups them to form entities



Centralized versus Decentralized 

Design
• Centralized design: process by which all database design 

decisions are carried out centrally by a small group of 

people

– Suitable in a top-down design approach when the problem domain 

is relatively small, as in a single unit or department in an 

organization

• Decentralized design: process in which conceptual design 

models subsets of an organization’s database requirements, 

which are then aggregated into a complete design

– Such modular designs are typical of complex systems with a 

relatively large number of objects and procedures



Centralized Design



Decentralized Design



Aggregation Problem



Agile Methods

• Agile Methods address the need to build 

systems faster

– Are the newest development

– Emphasize continuous feedback

– Iterative development

– Based upon the “Agile Manifesto”

– Iterative (Spiral) model

– Examples are Scrum and Extreme Programming 
(XP)
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Agile vs Waterfall (SDLC)
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Homework

• Textbook Chapter 9

• Review questions 1 thru 9


