
Software Development ManagementSoftware Development Management

Lecture 3
Software Development Models

By: Hossein Momeni

Software Development Models

momeni@iust.ac.ir
Fall 2011

Mazandaran University of Science and TechnologyMazandaran University of Science and Technology

Overview
Introduction
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Definitions

Software Process
the set of activities, methods, and practices 
that are used in the production and p
evolution of software

Software Process ModelSoftware Process Model
one specific embodiment of a software 

hit tprocess architecture
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Why Modelling?

To provide a common understanding
To locate any inconsistencies, 
redundancies and omissionsredundancies and omissions
To reflect the development goals and 
provide early evaluation
To assist development team toTo assist development team to 
understand any special situation
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Project Analysis
Methodologies

Object-Oriented Development (OOD)
Structured System Analysis and Design y y g
Method (SSADM)
Jackson Structured Programming (JSP)g g ( )

Technologies
application-building environmentapplication building environment
knowledge-based system tools
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Project Characteristics
data oriented or control oriented 

?system?
general package or application specific?g p g pp p
a particular type of system for which 
specific tools have been developed?specific tools have been developed?
safety-critical system?

f h h d / fnature of the hardware/software 
environment?
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Project Risks

Product uncertainty
Process uncertainty
Resource uncertaintyResource uncertainty
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Considerations for ProjectConsiderations for Project 
Approach

Control systems
Information systems
General applicationsGeneral applications
Specialized techniquesp q
Hardware environment
S f t iti l tSafety-critical systems
Imprecise requirements
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Technical Plan

Contents
Constraints
ApproachApproach
Implementation
I li tiImplications
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Technical Plan - Constraints

Character of the system to be 
developed
Risks and uncertainties of the projectRisks and uncertainties of the project
User requirements concerning 
implementation
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Technical Plan - Approach

Selected methodology or process model
Development methods
Required software toolsRequired software tools
Target hardware/software environmentg /
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Technical Plan - Implementation

Development environment
Maintenance environment
TrainingTraining
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Technical Plan - Implications

Project products and activities
effect on schedule duration and overall 
project effortp j

Financial
t d t d tireport used to produce costings
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Software Process Models

Waterfall Model
V Model
Spiral ModelSpiral Model
Prototyping Modelyp g
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Software Process Models (cont’d)

Phased Development Model
incremental development model
iterative development modeliterative development model

Operational Specification Model
Transformation Model
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Waterfall Model
Requirement

A l iAnalysis

SystemSystem
Design

Coding

TestingTesting

Maintenance
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Waterfall Model (cont’d)

classical
one-shot approach
effective controleffective control
limited scope of iterationp
long cycle time

t it bl f t f hi hnot suitable for system of high 
uncertainty 
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V Model Maintenance

Requirements User Acceptance 
Analysis Testing

System Design System Testing

Program Design
Unit and

Integration Testing

Coding
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The RAD Model
M o d e lin g

business m odeling 
data m odeling 
process m odeling

Team # n

Communicat ion
Mo d eling

business m odel ing 

dat a m odel ing

Co n st ru ct io n
com ponent  reuse 

autom at ic code
    generat ion 
test ing

Team # 2

Planning

M d li

De ployme nt
Team # 1

dat a m odel ing 
process m odel ing

Co nst ruct io n
com ponent  reuse 
aut om at ic code

    generat ion 

int egrat ion 
delivery  
feedbackMode ling

business modeling 
dat a modeling 
process modeling

t est ing feedback

Const ruct ion
component  reuse 
aut omat ic code
    generat ion 
t est ing
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V Model (cont’d)

Additional validation process introduced
Relate testing to analysis and design 
Loop back in case of discrepancyLoop back in case of discrepancy
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Spiral Model (adapted from Boehm 1987)

Determine objectives, 
lt ti d

Evaluate alternatives; 
id tif d l

Cumulative cost

Progress through steps

alternatives and 
constraints

identify and resolve 
risks

Risk

Risk 
analysis

Risk 
analysis

Requirements Concept of

Risk 
analysis Prototype

Prototype
Prototype

Software System DetailedRequirements 
plan

Development  
plan

Concept of 
operation

Software 
requirements

Requirements 
validation

System 
product 
design

Coding

Detailed 
design

Plan next phases
Develop and verify 
next level product

Integration and 
Test  plan Design 

validation

Integration

Unit 
testing

Coding
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Plan next phases next-level product
Acceptance 
test

Integration 
and Test
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Spiral Model (cont’d)

Evolutionary approach
Iterative development combined with 
risk managementrisk management 
Risk analysis results in “go, no-go” 
decision
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Spiral Model (cont’d)

Four major activities
Planning
Risk analysisRisk analysis
Engineering
C t l tiCustomer evaluation
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Prototyping Model

Goals
meet users’ requirements in early stage
reduce risk and uncertaintyreduce risk and uncertainty

24Software Development Management



Classification of Prototype
Throw-away

After users agree the requirements of the 
system, the prototype will be discarded.

Evolutionary
Modifications are based on the existingModifications are based on the existing 
prototype.

IncrementalIncremental
Functions will be arranged and built 
accordingly
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accordingly.
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Prototyping Model

Build prototype User YES
Build prototype satisfaction

NO

User feedbackUser feedback
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Benefits of Prototyping

Learning by doing
Improved communication
Improved user involvementImproved user involvement
Clarification of partially-known p y
requirements
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Prototyping Sequences
Requirements gathering
Quick design
Prototype constructionPrototype construction
Customer evaluation
RefinementRefinement
Loop back to quick design for fine tuning
Product engineering
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Benefits of Prototyping

Demonstration of the consistency and 
completeness of a specification
Reduced need for documentationReduced need for documentation
Reduced maintenance costs
Production of expected results
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Drawbacks of Prototyping

Users sometimes misunderstand the 
role of the prototype
Lack of project standards possibleLack of project standards possible
Lack of control
Additional expense
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Prototype Products

Human-computer interface
System functionality

31Software Development Management

Prototype Changes 

Three categories
Cosmetic (35%)

screen layoutscreen layout

Local (60%)
screen processingscreen processing

Global (5%)
lti t imulti-parts processing

design review
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Phased Development

Reduce cycle time
Two parallel systems:

operational system (Release n)operational system (Release n)
development system (Release n+1)

Two approaches
incrementalincremental
iterative
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Incremental Model

Break system into small components
Implement and deliver small 
components in sequencecomponents in sequence
Every delivered component provides 
extra functionality to user
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Incremental Model (cont’d)

R i t
Arrange Design and 

Requirements 
Analysis

g
requirements 
in increments

g
develop 

increment

NO

Validate 
increment

Integrate 
increment

System
OK?

YES
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Iterative Model

Deliver full system in the beginning
Enhance functionality in new releases
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Iterative Model (cont’d)

NO
Design system 

version n n = n+1

Develop system Validate system SystemDevelop system 
version n

Validate system 
version n

System
complete

YES
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Combined Incremental and Iterative Model

Every new release includesy
extra functionality
enhancement of existing functionalityenhancement of existing functionality

Popularly used in software industry
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Advantages of PhasedAdvantages of Phased 
Development

Early feedbacks
Less possible requirement changes
Early benefits for usersEarly benefits for users
Easier control and manageg
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Advantages of PhasedAdvantages of Phased 
Development (cont’d)

Capture early market
Facilitate early training
Can be temporarily abandonedCan be temporarily abandoned
Increase job satisfactionj
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Disadvantages of PhasedDisadvantages of Phased 
Development

‘Software breakage’
Reduced productivity
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Operational Specification Model

Use executables to demonstrate system 
behaviour  
Resolve requirement uncertainties inResolve requirement uncertainties in 
early stage
Merging functionality and system design
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Transformational Model

Transform a specification into delivered 
system
Require automated supportRequire automated support
Rely on formal specification method 
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