Software Life Cycle

Sources:

B. Bruegge and A. H. Dutoit, Object-Oriented
Software Engineering: Using UML, Patterns,
and Java (Chapter 15)

Bob Hughes et al., Software Project
Management 4t edition (Chapter 4)
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How it often goes

Y

Vaporware

Carleton

Outline

+ Software Life Cycle

+ Waterfall model and its problems
+ Pure Waterfall Model
+ V-Model

+ Iterative process models
+ Boehm’s Spiral Model

+ Entity-based models
+ Issue-based Development Model (Concurrent Development)
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How it should go: Our plan of attack

Requirements
Analysis

[Delivery and Installation]
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Inherent Problems with Software Development

+ Requirements are complex
+ The client does not know the functional requirements in advance
+ Requirements may be changing

+ Technology enablers introduce new possibilities to deal with
nonfunctional requirements

+ Frequent changes are difficult to manage
+ ldentifying milestones and cost estimation is difficult
+ There is more than one software system
+ New system must be backward compatible with existing system
(“legacy system”)
+ Phased development: Need to distinguish between the system
under development and already released systems
+ Let’s view these problems as the nonfunctional requirements
for a system that supports software development!
+ This leads us to software life cycle modeling
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Definitions

+ Software lifecycle modeling: Attempt to deal with complexity
and change

+ Software lifecycle:

+ Set of activities and their relationships to each other to support the
development of a software system

+ Software development methodology:

+ A collection of techniques for building models - applied across the
software lifecycle
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Typical Software Lifecycle Questions

+ Which activities should | select for the software
project?
+ What are the dependencies between activities?

+ Does system design depend on analysis? Does
analysis depend on design?

+ How should | schedule the activities?
+ Should analysis precede design?
+ Can analysis and design be done in parallel?
+ Should they be done iteratively?
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Possible Identification of Software Development Activities

‘ Requirements Analysis What is the problem?

Problem

. . Domain
‘ What is the solution?

‘System Design

‘ What are the mechanisms

‘ Program Design that best implement the

solution? ]
‘ - ‘ How is the solution Implementation
Program Implementation | constructed? Domain
‘Testing ‘ Is the problem solved?
‘Delivery ‘ Can the customer use the solution?

‘Maintenance ‘ Are enhancements needed?
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Software Life Cycle

+ Software construction goes through a progression of states

Development

Childhood

Adulthood Retirement

Post-
Development

Development
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Identifying Software Development Activities

« For finding activities and dependencies we can use the same modeling
techniques when modeling a system such as creating scenarios, use case
models, object identification, drawing class diagrams, activity diagrams

< Questions to ask:

+ What is the problem?

+ What is the solution?

+ What are the mechanisms that best implement the solution?
+ How is the solution constructed?

+ Is the problem solved?

+ Can the customer use the solution?

+ How do we deal with changes that occur during the development? Are
enhancements needed?
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Alternative Identification of Software Development
Activities

‘ Requirements Analysis ‘ What is the problem?

Problem
Domain

‘ System Design What is the solution?

What is the solution in the context
of an existing hardware system?

‘ Object Design

Implementation
Domain

How is the solution constructed?

‘ Implementation
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Software Development as Application Domain: A Use
Case Model

-

Software development
<
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Client Project manager Developer Administrator End user
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Another simple life cycle model

System
development
activity

System
upgrade
activity

Market
creation
activity

System Development and Market creation can be done in parallel and
Must be done before the system upgrade activity
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Object Model of the Software Life Cycle

.
A Work Product

produces

Activity |
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Activity diagram for the same life cycle model

Problem
a on i
act v activity

Software development goes through a linear progression of states
called software development activities
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Software Development as Application Domain:
Simple Object Model

g Q00

Object Design

Document
Problem Statement javadoc
Requirements Analysis| Executable system
Document

System Design
Document

User Manual

| Test Manual |
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Two Major Views of the Software life cycle

« Activity-oriented view of a software life cycle
« all the examples so far
+ Entity-oriented view of a software life cycle
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Entity-centered view of software development

<>

Software Development

Lessons learned
document

[——

Market survey
document

System specification

Software development consists of the creation of a set of deliverables
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IEEE Std 1074: Standard for Software

Lifecycle Process Group
IEEE Std 1074
Project Pre- Develop- Post- Devil?;sm-enl
ment Development
Management Development P (Integral Processes)
> Project Initiation > Concept >Requirements | > Installation  |>V &V
>Project Monitoring Exploration Analysis > Operation & | > Configuration
&Control > System > Design Support Management
> Software Quality Allocation > Implemen- > Maintenance | >Documen-
Management tation > Retirement tation
> Training
Processes
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Example

+ The Design Process is part of Development
+ The Design Process consists of the following
Activities
+ Perform Architectural Design
+ Design Database (If Applicable)
+ Design Interfaces
+ Select or Develop Algorithms (If Applicable)
+ Perform Detailed Design (= Object Design)
+ The Design Database Activity has the following Tasks
+ Review Relational Databases
+ Review Object-Oriented Databases

+ Make a Purchase recommendation
*
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Combining activities and entities in one view

Work product

- ,(>|
—

Lessons learned
document

Problem definition
activity

Specification
document

System development
activity

System operation
activity

Carleton

Processes, Activities and Tasks

+ Process Group: Consists of Set of Processes
+ Process: Consists of Activities
+ Activity: Consists of sub activities and tasks

Process | 1 Development
Group
Process Design
Activity Design
Database
Make a
Task
* Purchase

Recommendation

Carleton
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UML Class Diagram of the IEEE Standard

Work Product

produces

Activity l l
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Modeling Dependencies in a Software Lifecycle

Problem System System
definition development
activity activity
System
development
activity
upgrade

activity

Market
creation
activity

- Note that the dependency association can mean one of two things:

« Activity B depends on Activity A
« Activity A must temporarily precede Activity B

* Which one is right>
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The Waterfall Model of
the Software Life Cycle

adapted from [Royce 1970]

Operation &
Support Process
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From the Waterfall Model to the V Model

Unit
Testing

Integration
Testing

System

Life-Cycle Model: Variations on a Theme

+ Many models have been proposed to deal with the problems of
defining activities and associating them with each other

+ The waterfall model
+ First described by Royce in 1970
+ There seem to be at least as many versions as there are
authorities - perhaps more
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Problems with Waterfall Model

+ Managers love waterfall models:

+ Nice milestones
+ No need to look back (linear system), one activity at a time

+ Easy to check progress : 90% coded, 20%b tested
«+ Different stakeholders need different abstractions
+ =>V-Model
+ Software development is iterative
+ During design problems with requirements are identified
+ During coding, design and requirement problems are found
+ During testing, coding, design& requirement errors are found
+ => Spiral Model
+ System development is a nonlinear activity
* => Issue-Based Model
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Activity Diagram of a V Model

_ __ _ lsvalidatedby _ _ _ _

1ysis |
Requirements fp— — — — — — — — — — — — Client
Acceptance

Software
Elicitation

precedes

System
Integration
& Test

Requirements \W\_ _ _ _ _ _ _ _ _
lysis

Component
Integration
& Test

Problem with the V-Model:
Developers Perception =
User Perception

Implementation
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V Model: Distinguishes between Development - )
g . .. Sawtooth Model e Client’s Understanding .
and Verification Activities al e Developer’s Understanding
f Client’s Understanding
Level of Detail e Developer’s Understanding
Low Elicitation Testing \ 71 A

Problem with V-Model:

Client’s Perception is the same as the

Developer’s Perception

T )
N\ /7
Object Design N Unit Testing
High
Project Time
Carleion Carleton
Sharktooth Model Problems with V Model
m—— Jser’s Understanding
Manager’s Understanding
s=====_Developer’s Understanding + The V model and its variants do not distinguish temporal and
logical dependencies, but fold them into one type of association

System Prototype Prototype sent . . .
““’”) «+ In particular, the V model does not model iteration

Manager

e system
& Integration
& Test
Requirements
Analysis €

Developer

Component
Integration

Object
Design
Implementation

Properties of Waterfall -based Models Spiral Model (Boehm) Deals with Iteration

+ The spiral model proposed by Boehm is an iterative model with
the following activities
+ Determine objectives and constraints

<+ Managers love waterfall models:
+ Nice milestones
+ No need to look back (linear system)

+ Always one activity at a time + Evaluate Alternatives
+ Easy to check progress during development: 90% coded, 20% + Identify risks
tested 3 i + Resolve risks by assigning priorities to risks
+ However, software development is nonlinear + Develop a series of prototypes for the identified risks starting with
. }glgg{?ﬁaegesign is being developed, problems with requirements are the highest risk.

+ Use a waterfall model for each prototype development (“cycle™)

+ While a program is being coded, design and requirement problems .
are founﬁ & 9 g q P + If a risk has successfully been resolved, evaluate the results of the
+ While a program is tested, coding errors, design errors and cycle a.nd plan the next round . i
requirement errors are found + If a certain risk cannot be resolved, terminate the project
immediately
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Activities (Cycles) in Boehm’s Spiral Model

< For each cycle go through these
activities
+ Quadrant IV: Define objectives,
alternatives, constraints

< Concept of Operations
< Software Requirements
< Software Product Design
< Detailed Design + Quadrant I: Evaluate alternative,
identify and resolve risks

+« Code + Quadrant I1: Develop, verify
« Unit Test prototype

. + Quadrant I11: Plan next “cycle”
< Integration and Test
< Acceptance Test
< Implementation

% The first 3 cycles are shown in a polar
coordinate system.
+ The polar coordinates r = (I, a) of a
point indicate the resource spent in
the project and the type of activity
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Cycle 1, Quadrant 1V: Determine Objectives, Alternatives
and Constraints T
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Cycle 1, Quadrant 11: Develop & Verify Product
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Cycle 1, Quadrant I: Evaluate Alternatives, Identify, resolve
risks
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Cycle 1, Quadrant 111: Prepare for Next Activity
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Cycle 2, Quadrant 1V: Software Requirements Activity
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The Limitations of the Waterfall and Spiral Models

+ Neither of these model deals well with frequent change
+ The Waterfall model assume that once you are done with a phase,
all issues covered in that phase are closed and cannot be reopened
+ The Spiral model can deal with change between phases, but once
inside a phase, no change is allowed
+ What do you do if change is happening more frequently? (“The
only constant is the change™)
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Types of Prototyping cont.

+ Revolutionary Prototyping
+ Also called specification prototyping

+ Get user experience with a throwaway version to get the
requirements right, then build the whole system

« Disadvantage: Users may have to accept that features in the
prototype are expensive to implement

« User may be disappointed when some of the functionality and
user interface evaporates because it can not be made available
in the implementation environment

< Evolutionary Prototyping

+ The prototype is used as the basis for the implementation of the
final system

+ Advantage: Short time to market

+ Disadvantage: Can be used only if target system can be constructed
in prototyping language

Carleton
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Comparing two Projects

Determine objectives,
altematives, & constraints

Evaluate alternatives,
identify & resolve risks

Risk
analysis

Project P1
f—

Prototype3

Risk
analysis

Risk
analysis

Prototypel

Requirements. |\CONept of
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Software stom
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Design
Development |Reguirements .
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Design
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Integration | Design < .

9 plan | validation . Unit Test Develop & verify

. next level product

Project P2

Plan next phase

\Integration & Test
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Types of Prototypes used in the Spiral Model

« Illustrative Prototype
+ Develop the user interface with a set of storyboards

+ Implement them on a napkin or with a user interface builder
(Visual C++, ....)

+ Good for first dialog with client
< Functional Prototype

+ Implement and deliver an operational system with minimum
functionality

+ Then add more functionality
+ Order identified by risk
+ Exploratory Prototype (“"Hacking")
+ Implement part of the system to learn more about the requirements.
+ Good for paradigm breaks
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Prototyping vs. Rapid Development

+ Revolutionary prototyping is sometimes called rapid
prototyping

< Rapid Prototyping is not a good term because it confuses
prototyping with rapid development

+ Prototyping is a technical issue: It is a particular model in
the life cycle process

+ Rapid development is a management issue. It is a
particular way to control a project

+ Prototyping can go on forever if it is not restricted

« “Time-boxed” prototyping limits the duration of the
prototype development
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Limitations of Waterfall and Spiral Models

< Neither of these model deals well with frequent change

+ The Waterfall model assume that once you are done with a phase,
all issues covered in that phase are closed and cannot be reopened

+ The Spiral model can deal with change between phases, but once
inside a phase, no change is allowed

<+ What do you do if change is happening more frequently?
+ “The only constant is the change”
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Unified Process

Iterative and Incremental, Use-case driven, Architecture centric
Phases:

+ Inception: The core idea is developed into a product vision. We review and
confirm our understanding of the core business drivers. We want to
understand the business case for why the project should be attempted. Product
feasibility and project scope.

Elaboration: The majority of the Use Cases are specified in detail and the
system architecture is designed. *'Do-Ability"* of the project. We identify
significant risks and prepare a schedule, staff and cost profile for the entire
project.

Construction: Produces a system complete enough to transition to the user.
The design is refined into code.

Transition: The goal is to ensure that the requirements have been met to the
satisfaction of the stakeholders. Other activities include site preparation,
manual completion, and defect identification and correction. The transition
phase ends with a postmortem devoted to learning and recording lessons for
future cycles.

-

-

-
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A different view
Transition
Requirements ] — ——1 Amount
q —1 of work
Analysis //—'
Design
..—-——""/
Implementation
— ~
Test
Preliminary 11 12 In  In+l Int2 Im Im+l
Iterations
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Unified Software Development Process

The Unified Software Development Process (also called
Unified Process) is a life cycle model proposed by Booch,
Jacobson, and Rumbaugh Eaacobson etal., 1999].

It is similar to Boehm’s spiral model.

A project consists of several cycles, each of which ends with
the delivery of a product to the customer.

Each cycle consists four phases: Inception, Elaboration,
Construction, and Transition.

Each phase itself consists of a number of iterations. Each
iteration addresses a set of related use cases or mitigates some
of the risks identified at the beginning of the iteration.

The Unified Process emphasizes the staging of resources, an
aspect of software development that is not captured in other
life cycle models
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Unified Process (cont.)
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Summary

< Software life cycle

+ The development process is broken into individual pieces called
software development activities

< No good model for modeling the process (black art)
+ Existing models are an inexact representation of reality
+ Nothing really convincing is available today

< Software development standards
+ IEEE 1074
+ Standards help, but must be taken with a grain of salt
+ The standard allows the lifecycle to be tailored

Carleton
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