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Chapter 1

e Reqguiements
Prekliem



e Reguirements Prekiem

The Goal Is to develop guality.
Software, on time and on budget,
that meets customers” real needs.



The Data

> |IT Application Development
o $250 billion spent annually
o 175,000 projects annually

> Average Development Costs
» Large Company $2,322,000
o Medium Company $1,331,000
o Small Company $434,000



e Standisih Group Research

> 31% of all projects cancelled prior to completion

> 52.7% of all projects costs 189% of the original
estimates

> Companies and Government Agencies will

o Spend $81 hillion on cancelled software projects

o Spend $59 hillion in additional costs on completed
projects



Root Calses of Project SUCCESS
andl Eailure

> Standish Group Study (1994)

o ‘Challenged” Projects
Lack of User Input: 13%
Incomplete Requirements: 12%
Changing Requirements: 12%
o 1/3 failures directly related to reguirements
problems

o ‘Successful” Projects — 9% Large Companies &
16% Small Companies
User Invelvement: 16%
Executive Management Support: 14%
Clear statement of Requirements: 12%



ESPINHN SUney.

> European Software Process Improvement
Training Initiative (ESPITI) Survey (1995):
Over 50% of the responses stated the two
largest problems as
o Reguirements Specification
o Managing Customer Requirements

> Reguirements are the leading root cause
of software problems



e Ereguency off Reguirements
= (0] fs

> Study by Caper Jones (1994)

o Of the possible defect origins (Reguirements
Design, Coding, Decumentation, Bad Fixes)
Requirements errors account for 1/3 ofi the
defects.



e High Cost ot Reguirements
ENOrS (Davis, 1993)

Stage
A Requirements time

/ 5 \ Design
1 \ Coding
; \ Unit Test

5 \ Acceptance Test

/ 20 \ Maintenance

Relative cost to Repair




Conclusion

> Reguirements errors are likely to be the
most common class of error.

> Reguirements errors are likely to be the
MOSt expensive errors to fix.



Chapter 2

IREEUCHON TG
Reguirements VMianagement



IRtreduction te: Requirements
Management: Definitiens

> What Is a Requirement (Dorfman and
Thayer)?

o A software capability needed by the user to
solve a problem to achieve an objective

o A software capability that must be met or
possessed by a system or system component
to satisfy a contract, standard, specification; or
other formally Imposed documentation



Rtreduction tor ReEqUIEMERTS
Management: Defnitions

> What Is Requirements Management?

» A systematic approach to eliciting, organizing,
and doecumenting the requirements of the
system

o A process that establishes and maintains
agreement between the custemer and the
project team oni the changing requirements of
the system.



Application ofi Reguirements
Management iechnigues

> Types of Software Applications
o Information Systems (IS/IT)
Software developed for use within a company.

o Independent Software Vendors (ISD)
Software developed for sale as commercial products

o« Embedded Applications

Software developed to run en computers embedded in other
devices, machines, or complex systems

> Systems Applications
o Applying requirements management to systems



e Reaa Viap

The Problem Domain: Understanding the problem to
be solved

Stakeholder Needs: Understanding the user and
stakeholder needs

Solution Domain: Begin to define the solution

Features of the System: A service that the system
provides to fulfill one or more stakeholder needs

Software Reguirements: Develop the specific
reguirements of the system

Use Cases: A seguence of actions, performed by a
system, that yields a result of value to the user.



SuUmmeany.

NEED S :
Problem Domain

T
Features
—— Solution Domain

Software Requirements _




Chapter 3

Reguirements and the
Seftware Lifecycle



Reguirements andlthe: Soltwvare
Lilecycle

> The Traditional Software Process Models

o IThe Waterfall Model
Winston Royce, 1970
o I'he Spiral Model
Barry Boehm, 1988
o Ihe lterative Approach (RUP)
Kruchten, 1995
Lifecycle Phases

lterative and Incremental
Disciplines



The \Waterfall Moadel

> Improvement on the stepwise model
o Useful'when requirements are known and unchanging
o Has feedback loops between stages
o Prototype system can be developed in parallel with
reguirements analysis and design activities
> Deficiencies
o Fixed, ridged approach
o Reqguirements frozen
» Change Is anathema
o Can cause team to disengage from reality



The Waterfallfiviedel

Requirements
definition
System and
software design
Implementation
and unittesting

Integration and

system testing

Operation and
maintenance




e Spiial Viedel

> Risk driven approach
o Starts with requirements planning and concept validation
o One or more prototypes developed to confirm requirements
o Rigorous waterfall methodology for final system

> Advantages
o Multiple feedback opportunities
o« Removes the “Yes, Buts” early
> Deficiencies
o Assumes time Is available

o Projects can fall into a “cut and try” approach
o Can create instant legacy code



e Spiralfivieael

Determine objectives
alternatives and
constraints

Evaluate altematives
identify, resolve risks
Risk
analysis
Risk
analysis

Risk Opera
nalysi : .
—— Prototype 3 tional
: Prototype 2 protoype
D Proto
analysis :
REVIEW Y type 1
Requirements plan SIMUIENGhs, models, b en cMAEKS
Life-cycle plan Conceptof
Operation S\ :
i Product
requirements design Detailed
Develop ment Requirement design
plan validation Code
i Unit test
Integration Design :
and test plan V&V Integr ation
Plan next phase Acceptance fast
Service test Develop, verify

next-evel product



e lteranve Appreach

> Hybrid of Waterfall and Spiral
> Life Cycle Phases

Inception, Elaboration, Construction, Transition

> lterations

Each phase has multiple iterations

Each iteration has a plan, evaluation criteria, and an
executable

Each iteration builds on previous Iterations

An iteration can be considered a mini-waterfall that
IS “tuned” te specific needs of the iteration



e lteranve Appreach

> Work Flows

o Development activities are organized intoe workflows

o Activities include
Requirements
Analysis and Design
Implementation
Test
Configuration and Change Management
Project and Process Management

» Advantages: Get “Yes, Buts” out early and Better
scope management



Process workflows

Elaboration E : Transition

Requirements
Analysis and design
Implementation
Test

Deployment

Supporting workflows

Configuration and
change management

Project and process
management

Release Release Release Release Release Release Release Release




Chapter 4

e Software lfeam



Fhe Software lfeam

> Software Development as a Team Activity

o “Software Development has become a team sport” (Booch,
1998)

o “... Today, large projects typically require the coordinated work
ofi many teams.” (Humphrey, 1989)
> Requisite Team Skills for Effective Requirements
Management
o ITeam Skill 1: Analyzing the Problem
o Team Skill 2: Understanding User Needs
o Team Skill 3: Defining the System
o Team Skill'4: Managing Scope
o Team Skill 5: Refining the System Definition
o Team Skill6: Building the Right System



Fhe Software lfeam

> Team Members Have Different Skills
o Organization and planning
o Programming Abilities
o Marketing and customer relations
o lesting and validation
o Documentation

> The Organization of Software Teams

o Example in test is modeled after a real world
team



leam SKilif@ne

ANALYZING THE PROBLEM

Chapter 5: The Five Steps in Problem Analysis
Chapter 6: Business Modeling

Chapter 7: Systems Engineering of Software Intensive
Systems



Chapter 5

e Eive Steps in Proplem
Analysis



e Eive Steps in Prekliem
Analysis

> Step 1. Gain Agreement on the Problem
Definition
o IIhe Problem Statement

> Step 2: Understand the Root Causes--The
Problem Behind the Problem
» Fishbone Diagram

o Addressing the Root Cause
Pareto Charts




e Eive Steps in Prekliem
Analysis

> Step 3: ldentify the Stakeholders and
the Users

> Step 4: Define the Solution System
Boundary
o OUr system
o [hings that interact with our system

> Step 5: ldentify the Constraints to Be
Imposed on the Selution (Table 5-4 & 5-
5, Pg 56)



Chapter 6

BUSiness Viedeling



BlUsiness Viedeling

> Purpose ofi Business Modeling

o Understand the Structure and Dynamics of the
Organization

o Ensure that Customers, End Users, and
Developers have a common understanding of
the organization

o Understand how to deploy new systems to

facilitate productivity and which existing
systems may be affected by that new: system



BlUsiness Viedeling

> Using Software Engineering Technigues for
Business Modeling

o Rapid proliferation of metheds in the 80s & 90s
o None were the same (Method Wars)

> The Unified Modeling Language (UML)

o Industry Standard for Visualizing, Specifying,
Constructing, and Decumenting Software
Intensive Systems.



Business, Moedeling Using UML
Concepis

> Business Use Case
o Model of Intended Functions
o ldentify Organizational Roeles and deliverables

> Business Object Mode

o Describes Entities and how they interact to
realize the functionality in the Business Use
Case




Frem the Business Viedel torthe
Systems; Viedel

> Business workers become actors on the system
we are developing

> Behaviors described for business workers are
things that can be automated, so they help us
find system use cases and define needed
functionality

> Business entities are things we may want the
system to help us maintain, so they help us find
entity classes in the analysis model ofi the
System



Chapter 7

SyStems ERgineenng of
Sofiiware Intensive Systems



Systems Engineenng ofi Sefware

Ilntensive Systems

> Systems Engineering (INCOSC 1993)

Used to help understand the reguirements imposed on the
software that runs in the system

> Pragmatic Principles of Systems Engineering

Know the Problem, Customer, Consumer

Use Effectiveness criteria based on needs to make systems
decisions

ldentify and Assess Alternatives so as to converge on a Solution
Verify and Validate Requirements and Solution Perfoermance
Maintain the Integrity of the System

Use an articulatedand Documented Process

Manage Against a Plan



Compoesien/Decemposition: of
Complex Systems

> Goals ofi the decomposition process

o Optimized distribution and partitioning of functionality
to achieve overall functionality of the system with
minimum costs and maximum flexibility

o Each Subsystem can be:
Defined, Designed, and built by a small team

Manufactured within the physical constraints and technologies
of the available manufacturing process

Reliably tested as a subsystem, subject to availability of
fixtures/harnesses that simulate the interface to the other

system.

o Appropriate deference Is given to the physical demain
(size, weight, location, and distribution ofi the
sulbsystems) that has been optimized in the everall
system context



Reguirements Allecation
I Systems Engineenng

> Derived Requirements are requirements
created through the reguirements allocation
Process

o SuUbsystem Requirements

Must be imposed on the subsystems themselves, but do
not necessarily directly benefit end user

o Interface Reguirements
Between subsystems



Intelligence Moved fliem
Hardware tor Software

> Software, not Hardware:

Determines the ultimate functionality and success
of the system

Consumes the majority of the costs of research
and development

As the critical path, makes the determination when
the system goes to market

Absorbs most of the system changes and evelves
to meet the system needs

Development and maintenance costs are the
significant factoers in tetal manufacturing Cests



AVeIding the Stevepipe
System Preblem

> Subsystem requirements may far outweigh
external reguirements

> Subsystem requirements degrading flexibility
> Political considerations when different

companies build different subsystems

 When a change in requirements means a contract
renegotiation

> In the end, we get tied down and spend more
money on subsystem requirements than user
reguirements




1= Vaking IE\Woerkk

> Develop, understand, and maintain the high-
level requirements and use cases that span the

sulbsystems and that describe the overall system
functionality.

o Ihese use cases will provide context for how the
system Is supposed to work and will make sure that
you “don‘t miss the forest for the trees."

o They will'also help ensure that the systems
architecture Is designed to support the most likely
LSage scenarios.



2 - Viaking It Werik

> Do the best possible job of partitioning and
ISolating functionality within sulbsystems.

o Use object technology principles
Encapsulation and information hiding
Interface by contract

Messaging rather than data sharing-in your systems
engineering work.



3 - Viaking It Work

> If possible, develop software as a whole, not as

several individual pieces, one for each physical
sulbsystem.

> One of the characteristics of stovepipe systems
IS that on both sides of the interface (well or
badly defined):
o Ihe software needs to reconstruct the state of key

elements (objects) that are needed for making
decisions on both sides

o Unlike hardware, the allocation of reguirements to
poth sides dees not represent a clear partition.



Ar=\Viaking it WWork

> When coding the Interfaces, use common code
on both sides of the interface.

o Otherwise, there will likely be subtle variations, often
blamed on "optimizations,” that will make this
synchronization of states very difficult.

o [hen, Ifithe boundary between the two physical
sulbsystems later disappears-that Is, systems
engineering finds out that processors are good
enough te support both subsystems A and B-software
engineers will have a hard time “merging” the two
bodies of software.



5 - Viaking It Woerk

> Define interface specifications that can do
more than would be necessary to simply.
meet the known conditions.

> Invest In:
o A little extra bandwidth
o An extra I/O port

o« Some IC real estate to provide room for
expansion.



eami SKIllFL Summany

> The Five Steps in Problem Analysis
> Business Modeling

> Systems Engineering ofi Software
Intensive Systems

> Composition/Decomposition of Complex
Systems

> Avoiding the Stovepipe System Problem



ieam SKill Wwe

UNDERSTANDING USER AND STAKEHOLDER NEEDS

Chapter 8: The Challenge of Reguirements Elicitation
Chapter 9: The Features ofi a Product or System
Chapter 10: Interviewing

Chapter 11: The Requirements Workshop

Chapter 12: Brainstorming| and ldea Reduction
Chapter 13: Steryboarding



Chapter 8

e Challenge of
Requirements: Elicitanen



e Challenge ofi Reguirements
Eliciiation

> Barriers to Elicitation

o Ihe “Yes, But” Syndrome
Wow, this is really great...
Yes, but now that | see it, what abouit...

o I'he "Undiscovered Ruins® Syndrome
The more requirements found, the more that remain

o Ihe "User and the Developer* Syndrome
User does not know or cannot articulate what they want

Users think they know what they want until they get what
they said they wanted

Analyst think they understand user problems better that the
user

Everyone believes that everyone else is politically: motivated



llechnigues; fier Requirements
Eliciiation

> Interviewing and Questionnaires
> Requirements Workshops

> Brainstorming and Ildea Reduction
> Storypoards



Chapter 9

Ihe Eeatures of a Product
O SyStem



TThe EFEeatures of a Product or
Sy/Stem

> Stakeholder and User Needs

o Definition of a Stakeholder Need:

A reflection of the business, personal, or operational
problem (or opportunity) that must be addressed in order to
justify consideration, purchase, or use ofi a new system

> Features

o A service the system provides to fulfill one or more
stakeholder needs

> Developer must understand the real need
pehind the feature



Vianaging Complexity.

> Picking the Level of Abstraction

o New system or increment of an existing
system, abstract capabilities to a high enoeugh
level so that a maximum of 25 — 99 features
result with 50 as a preference



Attriputes of Product Features

> Page 100, Table 9-2

> Attributes are data elements that provide
additional information about a feature

> Status

> Priority/Benefit
> Effort

> Risk

> Stability

> Target Release
> Assigned to

> Reason



Chapter 10

IRterviewing



IRtervIeEWIingG

> Context-free Question IS a guestion about the

user's problem without context of a solution (cause «
Weinburg, 1989)

o [FFoOrces us to listen
« Gain a real understanding of the problem
o Prevent solution bias

> Some examples of context-free Questions
o Who Is the user?
o Who Is the Customer?
o Are their needs different?
o Where else can a selution| te this preblem be feund?



IRtervIeEWIingG

> Solutions — Context Questions
» Discussing some possible selutions

> The generic, almost context-free interview
o Page 104-5, Figure 10-1

> Customer launching into a dialogue
relating the horrors ofi the current system



IRtervIeEWIingG

> The Moment of Truth: The Interview.
o Prepare appropriate context-free questions

o Research background
Avoid asking questions you can answer in advance
Verify answers

o [ake notes during interview
» Refer to template (Figure 10-1, Pg. 104-5)



IRtervIeEWIingG

> The Analyst's Summary:

o Last section of the interview: form

o« 10+10+10 <> 30

o Record the three most Important needs
After several interviews, seme will repeat

o [en interviews may yield 10-15 different
needs

Beginning of the requirements repository.



QUestionnaires

> Some fundamental problems
o Relevant guestions can not be decided in advance

o I'he assumptions behind the gquestions bias the

ANSWEIS
Did this class meet your expectations? Assumption: You had
expectations, so the question is meaningless

o It IS difficult to explore new domains and there Is no
Interaction to explore domains that need to be

explored.
o It Is difficult to fellew up en unclear respenses



Chapter 11

e Reqguirements
WorKkshop



Reguirements Worksnoeps

> Accelerating the decision process

The authors consider the Requirements Workshops the most
powerful technigue in the book.

> Benefits of the Requirements WWorkshops

Assists in team building toward one goal — a successful project
All stakeholders get they say, no one Is left out

It forges an agreement between the development team and the
stakeholders as to what the application must do

It can expose and resolve political iIssues that are interfering with
the project success

The output, a preliminary: system definition at the features level, is
avallable immediately



Reguirements Worksnoeps

> Preparing for the Workshop
o Selling the Concept (not anoether meeting!!)

o ENsuring the Participation of the Right
Stakeholders Logistics (room, equipt., etc.)

o "Warm-Up Materials"

Project-specific materials

Out-of-the-box thinking preparation
o Sample memo template Pg. 113, Fig. 11-1



Reguirements Worksnoeps

> Role ofi the Facilitator
o SOMeone from outside the organization
« Must be a non-stakeholder
o [rained In the process

o Personable and well respected by both
iInternal and external team members

o Strong enough te chair a challenging meeting
o Consensus-building or TTeam-building skills



Reguirements Worksnoeps

> Facllitator Responsibilities
o Establish a professional and objective tone for the meeting
o Start and stop on time
o Establishiand enforce the “rules” for the meeting
o Introduce the goals and agenda for the meeting
o Manage the meeting and keep the team “on track”

o Faclilitate a process of decision and consensus-making, but
avoid participating in the content

« Manage any facilities and logistics Issues to ensure that the
focus remains on the agenda

o Make certain that all stakeholders participate and have their
Input heard

o Control disruptive or unproductive behavior



Reguirements Worksnoeps

> Setting the Agenda
o« Sample agenda on page 114, Table 11-1

> Running the Workshop

o \Workshop tickets
Pg. 116, Fig. 11-2

» Problems that can happen and their selutions
Pg. 117, Table 11-2

o Brainstorming and ldea Reduction (Ch 12)
o Production and Eoellew-Up (Ch 12)



Chapter 12

Brainsterming and ldea
Reduction



Brainstemming and ldea
Reduction

> LLive Brainstorming
o Sticky notes

o Rules
No Criticism or debate
Use your imagination
Capture all ideas
Change and combine ideas



Brainstemming and laea
Reduction

> ldea Reduction
o Pruning
o Grouping ldeas
o Feature Definition (write a short description)

o Prioritization
Cumulative Voting - $100 Test: idea money

“Critical, Important, Useful” Categorization
» 1/3 limit per category

> \Webh-Based Brainstorming



Chapter 13

SteR/voarding



SteR/eearding

> Types of Storyboards

o Passive storyboards tell a story
Screen shots, business rules, or output reports

o Active storyboards present an automatic
description of system behavior
Slideshow, animation, or simulation
o Interactive storyboards let the user
experience the system
Live Demo or interactive presentation



SteR/pearding

> What Storyboards Do

o Ihree elements ofi any activity
Who the players are
What happens to them
How it happens

> Tools and Technigues for Storyboarding
o Post-In Notes
o PowerPoint
o Macromedia Director



SteR/eearding

> TIps for Steryboarding
o Do not invest to much in a storyboard
o Ifiyou do not change anything, you do not learn
anything
o Do not make the storyboard too good
o Whenever possible, make the storyboard interactive

> Summary.
o Storyboard early
o Storyboard often

o Sloryboard on every project that has new: or
Innovative content



eami SKillF2 Summeany

> Interview and Questionnaires

> Reguirements Workshop

> Brainstorming and ldea Reduction
> Storyboarding
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DEFINING THE SYSTEM

oter 14: A Use Case Primer
oter 15: Organizing Requirements Information
oter 16: The Vision Document

oter 17: Product Management



Chapter 14

A Use Case Primer



A Use Case Primer

> A Use case describes a seguence of actions a
system performs that yields a result of value to a

particular actor

> [ he elements of a use case:
o Seguences of actions
o System performs
o An observable result of value
o A particular actor



A Use Case Primer

> An actor Is someone or something that interacts
with the system
o Users
o Other systems or applications
o An INput or output device



A Use Case Primer

> Use Case Structure
o See Text Appendix C for specification template

» Mandatory elements
Name
Brief Description
Actors
Flow of events

o Optional elements

Pre-conditions — must be present for use case to start
Post-conditions — system state after use case Is finished
System or Sub-system level use case

Other Stakeholders

Special requirements



A Use Case Primer

> Building the Use Case Model

o Step 1 — ldentify and describe the actors
Who uses the system?
Who gets infermation from the system?
Who provides information to the system?
Where in the company Is the system used?
Who supports and maintains the system?
\What other systems use this system?



A Use Case Primer

> Building the Use Case Model

o Step 2 — ldentify the use cases and write a
prief description

What will the actor use the system for?

Will the actor create, store, change, remove, or read
data in the system?

Will the actor need to infoerm the system about
external events or changes?

Will the actor need to be Iinformed about certain
occurrences in the system?



A Use Case Primer

> Building the Use Case Model

o Step 3 — ldentify the actor and use case
relationships
Analyze each use case to see what actors interact
with It
Review each actor’'s anticipated behavior
o Verify each actor participates in all' necessary use cases



A Use Case Primer

> Building the Use Case Model

o Step 4 — Outline the individual use cases
Outline basic and alternate flows

Basic Flow
o Most common path from start to finish
o No problems or exceptions
o Questions to discover the basic flow
» What event started the use case?
* How does the use case end?
* How does the use case repeat some behavior?



A Use Case Primer

> Building the Use Case Model

o Step 4 — Outline the individual use cases

Alternate flow
o Regular circumstances and exceptional events
o Questions to discover the alternate flow
» Are there optional situations in this use case?
» What odd cases might happen?
What variants might happen?
What may go wrong?
What may not happen?
What kind of resources can be blocked?



A Use Case Primer

> Building the Use Case Model

o Step 5 — Refine the use cases

All alternate flows, including exception conditions

o Primary alternate flows are determined by explicit user
choices — fairly easy to identity

o I'he “What Ifs” are a concern

Pre and post conditions

« |ldentification of state information that controls the behavior
of the system

» Pre-condition states that are reguired for the use case to
start

o Post-condition states are a persistent state left behind by,
the use case



A Use Case Primer

> Use Cases and User Interfaces

o How can | express a use case If I haven’t designed the
GUI yet?

o« How can | possibly design a set of GUIs to implement
a use case that Is not yet elaborated?

> They are done in parallel
o See Pgs. 159 — 160, Fig. 14-3 thru 14-6



Chapter 15

Organizing Reqguirements
IRfermMaton



Organizing Reqguirements

IRformation

> Requirements can rarely be documented in a single
monolithic document because

It may be a complex system with voluminous documentation
requiring organizational and interactive access technigues

System may be a member of a family of related products and
no one document can contain all'the specifications

System may be a sub-system and only satisfies a subset of the
overall requirements

Marketing and business goals need to be separate from product
requirements

Other reguirements, perhaps regulatory or legal, may: alse be
Imposed upon the system, and these reguirements may: be
documented elsewhere.



Organizing Requirements
IRieIMmation

> Maintain reguirements organized into multiple
requirements sets

Vision Doecument
A set that defines features in general terms

System Use Case Model & associate supplementary.
reguirements

A set that defines features in specific terms
Parent requirements set
System Requirements Specification
Software Sub-system
Software Reguirements Specification
A full requirements set for a family’ of products

A reguirements specification for a single application and
ielease



Organizing Requirements
IRiematien

> Organlzmg Reguirements of Complex
Hardware and Software Systems

o Systems Engineering refines system into
Subsystems

o System Architecture describes the
partitioning and interfaces among system
and subsystems

o Requirements are allocated to each
system and subsystem in a hierarchal
fashion




Organizing Reqguirements
IRieIMmatien

A System of Subsystems




Organizing Reguirements
IRiermMation

Hierarchy of requirements resulting from system design



Organizing Reqguirements
|giie)fanretife)g

> Organizing Requirements for Product
Families

» Vision Document, SRS and Family Use
Cases for common functionality

o Vision Document, SRS and Family Use
Cases for each specific functionality



Hierarchy of
resulting
requirements,
Including
software

and hardware




Organizing Reqguirements
IRfermation

> On "Future” Requirements
o Document all requirements, including future

o Clearly identify requirements planned for the current
release

> Business and Marketing Requirements

« Facilitate communication among marketing,
management, and developers

o Helps to establish agreement on product scope



Chapter 16

e Vision Doecument



The Vision Document

> Components of the Vision Document

o Defines the problem and solution at a
high level of abstraction

» Basis for agreement between
marketing, management, and product
developers

o [lemplate on Page 175-6



The Vision Document

> Vision Document for Release 1.0

o All requirements, including those not
iImplemented in 1.0

> ViIsion Document for VVersion 2.0

o Requirements not implemented in 1.0’ now
Implemented in 2.0'and new reguirements not
Implemented in 2.0

» [Feature changes for 1.0 reguirements that did
not deliver what was expected

o Massive growth over time




The Vision Document

> ITThe "Delta Vision" Document as 2.0

o Includes only what has changed from 1.0 anad
any other information needed for context

e FOCUSes on what Is new and what Is different
about the new release

> The Delta Vision Decument in a LLegacy
System Environment
» Define features and use cases around what Is

new and what Is different about the new
release




Chapter 17

Preduct Management



e Roele of the Preduct Champion

\ 17

YV V Y V

Manage the elicitation process
o Determine when enough requirements are discovered

Manage conflicting inputs from stakeholders

Make required trade-ofiis

o Select features that deliver highest value to the greatest
number of stakeholders

Owner ofi product vision

Product advocate

Negotiate with management, users, and developers
Defend against feature creep



The Role ofithe Product Champion

> Maintain “healthy tension™ between
o Customer desires
o Developer capabilities for a given time frame

> Be representative of official channel
petween customer and development team

> Manage the expectations of custemers,
executive management, and the marketing
and engineenng teams



e Roele ol the Preduct Champion

> Communicate features of new release to all
stakeholders

> Review the use cases and reguirements to
ensure that they conform to the true vision
represented by the features

> Manage changing priorities, and the addition
and deletion ofi features

> Never give up, Rever surmender



The Preduct Champion In a Soeftwane
Preduct Company.

> Who makes the tough decisions to help
guide the teams to commercial success?

> Who takes the time to understand what
Ssupporting services and other user
conveniences might be necessary to
ensure customer success?

> It IS the product manager Who IS
empowered toimake these decisions



Role of the Product Vianager

> The product manager’s job Is to help the

software teams build products that customers
want to buy. A Project Manager Recipe:

o 2 parts requirements management

o 1 part development experience

o 1 part commercial practices

o 1 part marketing (measure dose carefully!)

Mix withi plain'.common sense

Bake in user’s over until done



The Product Champien in a Soiiware
Preduct Envirennment

ISV
External Customer &
Marketing Department



Priman/ Activities el a Product
Vianager

> Driving the vision

o Gaining agreement on what should and can
be done

o FiNding the optimum path to market



Primany Activities for a Product
Vianagern

> Defining the Whole Product Plan
o« Iemplate for plan on Pg. 192, Fig. 17-6

o Covers the four dimensions of a successful
customer solution
The product itself
Accompanying services and support

The commercial terms that define the business
relationship between the customer and the
developer

The doecumentation provided to help assure the
CUStOMErs’ SUCCESS



Primany Activities for a Product
Vianagern

> Sponsoring the use case model and
supplementary reguirements

> Testing the product concept with custemer
and user (Page 194, Table 17-1)

> Completing the user experience (user docs,
help, tool tips, copyright notes, loegos, etc.)
Page 194, Table 17-2.



Primany Activities for a Product
Vianagern

> Defining commercial terms (Page 195,
Table 17-3)

> Positioning and messaging (marketing
activities)
> Supporting activities
o Branding and product labeling
o End user training materials
» Product Demonstration
o Sales and marketing collateral



Preduct Champlen:in:an
IS/ Shoep

> No External Custemer
> No Marketing Department

> Champion should be someone with whom
the team can identify

> Tough decisions should be left to the
Change Control Board (CCB)



eami SKillF S Summary

> A Use Case Primer

> Organizing Product Reguirements
> The Vision Document

> IThe Champion




Tream Skl Eour

MANAGING SCOPE

Chapter 18: Establishing Project Scope
Chapter 19: Managing Your Customer



Chapter 18

EStallISRING PliejECt SCope



e Proplem ol Project Scope

> Components ofi Project Scope

o [he functionality that must be delivered to
meet the user’s needs

o [he resources available to the project

o Ihe time available in which to achieve the
Implementation

> The Hard Question

o Reducing the scope, yet keeping the
customer happy




[EStalpliSRing Preject Scope

> TThe Reguirements Baseline

o Ihe itemized set of features, or
reguirements, intended to be deliveread
IN a specific version of the application

Baseline must be acceptable to the
customer

Baseline must have a reasoenable probability
off success, In the team’'s view.



SEetling Prorities aned Assessing
=ifo)fi

> Priorities are set by custemers, Users, product
managers — NOT the development team
o Establish priority for each feature
o Critical, Important, Useful

> Effort Is set by the development team NOT —
customers, users, product managers

o Assess effort for each feature
o High, Medium, Low



Adding the Risk Element:

> Established by the development team

> Reducing Scope — do critical items first
o Priority: Critical; Effort;: High; Risk: High
Alarm! Establish immediate risk-mitigation strategy,

resource Immediately; focus on feasibility with
architecture

« Priority: Critical; Effort: High; Risk: Low

A likely resource-constrained item; resource
immediately

o Priority: Critical; Effort: Low; Risk: Low
Resource as a salety factor, or defer until later



Addinglthe Risk Element

> LLayout prioritized features list
> Draw the baseline




Chapter 19

Vianaging: Yoeu: Custemer



Vianagingl Youir Cusiomer

> Some Important Insights. ..

o It IS IN the best financial Interest of the
customer to meet its external commitments

o Delivering high quality, on time and on
oudget, even If scope reduced, Is the highest
nenefit the development team can provide

o [he application belongs to the customer, not
the development team




Engagingl cUStomers termanage
[REIr project scope

> We can actively engage our
customers in managing their
requirements and their project scope
to ensure both the quality and the
timeliness of the software outcomes

> It's THEIR Project!



Vianagingl Youir Cusiomer

> Communicating the Result

o Customer must be a direct participant in
the scope reduction decision to “own” the
result

o Customers not part ofi the process are
unhappy with the result and blame the
developer



Vianagingl Youir Cusiomer

> Negotiating with the Customer —
Underpromise and Overdeliver (Fisher,
Ury, & Patton, 1983)

o Start high, but not unreasonable

o Separate the people from the process
o FOCUS 0N Interests, not positions

o Understand your walk-away position

o Invent options for mutual gain

o Apply objective criteria



Vianagingl Youir Cusiomer

> Managing the Baseline
o Create margins for error

» Resist features creep

Can cause 50% - 100% increase in scope
(Jerry Weinberg, 1995)

o Enough functionality at the right time to
meet the customer’s real need

> Baseline used as part ofi an effective
change management system



Change Management

> Official Change
o Customer request for new system capability.

o Any change to the baseline must effect the
resources, schedule, or features set

o If resources and schedule are fixed, the
team and custemer must prioritize change

> Unofficial Change
o Change from other sources (review: later)



eam: Skillr28Stummary

> Establishing Project Scope
> Managing Your Customer



leam SKill'Enve

REEFINING THE SYSTEM DEFINITION

Chapter 20: Software Requirements — A More Rigorous Look
Chapter 21: Refining the Use Cases

Chapter 22: Developing the Supplementary Specification
Chapter 23: On Ambiguity and Specificity

Chapter 24:Technical Methods for Specifying Requirements



Chapter 20

Soeftware Reguirements — A
More Rigereus Leek



Software Reguirements — A More
Rigereus Leek

> LLooking Deeper into Software
Requirements — A Definition of Software
Requirements Reviewed (Dorfman and Thayer)

o A software capability needed by the user to
solve a problem to achieve an objective

o A software capability that must be met or
possessed by a system or system component
to satisty a contract, standard, Specification;, or
other fermally iImposed documentation




Software Reguirements — A More
Rigeneus Leek

> Up until now, we have purpoesely left things
at a highi level of abstraction
o Better understand the main characteristics of
the system
Focus on features and key use cases
How features and use cases fulfill user needs

o Can assess the system for completeness,
consistency, and fit within its environment

o Use information to determine feasibility anad
manage scope before making significant
[eseurce Investments



Soeftware Reguirements — A Viere
Rigerous Leek

> Five major classes of things needed to fully describe
system behavior (pavis)

o Inputs to the system

Content, details of input devices, and protocol (form, loek and
feel) of the input

Outputs from the system

Description of output devices to be supported, and the
protocols and formats of the generated information

Functions of the system
Mapping of the inputs to outputs, various combinations
Attributes of the system

Typical non-behavioral requirements (reliability, maintainability,
availability, throughput) to take inte account

Attributes of the system environment

Additional non-behavioral requirements (systems ability to
operate withiother applications, loads andoperating systems



Software Reguirements — A Vere
Rigerous Leek

> Relationship Between Software Requirements
and Use Cases
o Use cases are just one way to express software
reguirements

> Relationship Between Features and Software
Requirements

o Features are too abstract to fully describe and to use
for writing code

o SoOftware reguirements are testable and allow. for
traceability



Software Reguirements — A Vere
Rigerous Leek

> The Reguirements Dilemma: What versus How.
o Avoid stipulating design or Implementation details
o Concentrate on what the system Is supposed to do

> Exclude Project Infoermation

o Plans, schedules, budgets, staffing, configuration
management, V&V plans

> Exclude Design Information

o Leave system design and architecture for the design
document

« Design constraints — speciall class of customer driven
requirement



Software Reguirements — A More
Rigeneus Leok

> More on Reguirements versus Design
o Reqguirements (mostly) precedes design

o Users and customers make reguirements
decisions

o [echnologists make design decisions



Software Reguirements — A More
Rigeneus Leok

> lterating Reguirements and Design

Current requirements cause us to consider selecting
certain design options

and

selected design options may initiate new
requirements



Software Reguirements — A More
Rigeneus Leek

> A Further Characterization of Reguirements

o Functional Software Reguirements
How the system behaves

o Nonfunctional Software Requirements
Attributes of the system
Usability, Reliability, Performance, Supportability

o Design constraints

Restrictions on the design of a system, or the process by
which a system Is developed, that do noet affect the external
behavior of the system but that must be fulfilled termeet
technical, business, or contractual ebligations



Software Reguirements — A Vere
Rigerous Look

> Are Design Constraints True
Reguirements?

» Using Parent-Child Requirements to
ncrease Specificity.

> Organizing Parent-child Reguirements




Chapter 21

Refinng the Use Cases



Refinng the Use Cases

> Use cases made to date are:

o INnsufficiently detailed to drive design
and Implementation

o NOt enough use cases defined for all
conditions

EXxception conditions
State conditions
Other special conditions



Refinng the Use Cases

> How Use Cases Evolve

o Ihe test for enough use cases

Enough to describe all pessible ways that the system can be
used

Level of specificity to drive design, implementation, and
testing
o Use case elaboration Is not system decomposition

Looking for more detailed interactions of the actors with the
system

Seen as refining a series of actions rather than hierarchically.
dividing actions into subactions



Refinng the Use Cases

> The Scope of a Use Case

o IS a set of user Interactions one or several use
cases?

o It must make sense to the customer

o Ihe complete dialogue or instance of use Is the
USE CaSe
A use case on Pushing a Button is not a use case

Small actions must be considered within the larger
picture ofi what they are trying to achieve



Refinng the Use Cases

> The Case Study: Anatomy of a Simple Use
Case

o Reviewing the Actor(s)
Look for key decisions that may add actors

o Reviewing the Name

Use case names must be unique and relevant to the use
of the use case

Look for changes that require a change in the name

o Refining the Description

Update the description to reflect changes in the use case
fiunctionality.



Refining the Use Cases

> The Case Study: Anatomy of a Simple
Use Case

o Defining and Refining the Flow of Events

Flow has changed and the use case needs to
adapt

New alternate flows?



Refining the Use Cases

> The Case Study: Anatomy of a Simple Use
Case

o |ldentify Pre- and Post-conditions
Must be user observable states
Pre-condition Is a constraint of when a use case can start

Pre- and Post-conditions are for all flows, but can
describe an individual flow If hnecessary

Post-condition should be true for any flow

Post condition describes what the use case Is supposed
to achieve — good tool for helping te describe the use
case



Refinng the Use Cases

> The Case Study: Anatomy. of a Simple
Use Case

o ldentifying special reguirements

Performance — action must respond within 50
milliseconds



Refinng the Use Cases

> Extending Use Cases

Light Display =
"""" <<extend>>

.,
IS
s
IS
.
5
.,
*
5



Refinng the Use Cases

> Base use case

with extended flow

Base Use Case

/ Conditional Guard

...
4
L4
L 4
L 4
L
..
..
L




Refining the Use Cases

> Including Use Cases in other use cases

Base Use Case A

----------- Included Use Case Flow
Common

Behavior ) __________
\ Base Use CaseB = X| -——--------




Chapter 22

Developing the
SuUppIementan; Specification



[Developing the Supplementarny
SpPEcIiication

> The role of the Supplementary
Specification
o FOr requirements that are inappropriate for a

USE Case
Application shall run en Windows XP

o 30/20 rule:

60% use case
20% Supplementary.



Developing the Supplementany
SpPEecliication

> EXxpressing functional requirements in the
Supplementary Specification

o I[raditional declarative reguirements
Simple text-based sentences
o Systems that are primarily algorithmic and computational in

nature
Use mathematical expressions or statistical algorithms to represent
requirements
« Applications that work behind the scene such as industrial
automation and robetics
Augment use case models with state machines and seguential
logic expressions
» Applications that parse input strings, compile code or translate
languages should state reguirements In ether ways.



Developing the Supplementany
SPECIiication

> Exploring Nen-functional Reqguirements
o Usability
o Reliability
o Performance
o Supportability



User's Billfoff RIGALS (karat, 1998)

. The user Is always right. If there Is a problem with the
use of the system, the system Is the problem, not the
USer.

. The user has the right to easily install software and
hardware systems.

. The user has the right to a system that performs exactly.
as promised.

. The user has the right to easy-to-use Instructions for
understanding and utilizing a system to achieve desired
goals.

. The user has the right to be in control of the system and
to be able to get the system to respoend to a request for
attention.



User's Billfoff RIGALS (karat, 1998)

. The user has the right to a system that provides clear,
understandable, and accurate information regarding the
task it Is performing and the progress toward completion.

. The user has the right to be clearly informed about all
system reguirements for successfully using software or
hardware.

. The user has the right to know the limits of the system's
capabilities.

. The user has the right to communicate with the technology
provider and recelve a thoughtful and helpful response
when raising concerns.

10. The user should be the master of software and hardware

technology, not vice-versa. Proeducts should be natural
and intuitive to use.



Reliability

> Availability - As defined by the user

> Mean Time Between Failures (MTBF)
> Mean Time To Repair MTTR)

> Accuracy.

> Defect Rate

> Bugs per type



Performance

> Response time

> Throughput

> Capacity

> Degradation Modes



SUppoeiaIILy

> The ability ofi software to be easily
modified to accommodate enhancements
oI repairs



[Developing the Supplementarny
SpPEecliication

> Understanding Design Constraints

o Definition: Restrictions on the design of a
system, or the process by which a system Is
developed, that do not affect the external
pbehavior of the system but that must be
fulfilled to meet technical, business, or
contractual ebligations



Understanding Design
Constraints

> Sources of design constraints

o Restriction of design options

Try and leave the choice to the designers rather that specifying
It In the requirements

Example: Shall use Oracle DBMS
o Conditions Imposed in the development process
Compatibility with existing systems
Application Standards
Cornporate best practices and standards
o Regulations and imposed standards
FDA, FCC, DOD, ISO, UL



Developing the Supplementary
SPECIiication

> Handling design constraints
o Distinguish them from other requirements
» Include design constraints in a special section
» ldentify the source for each design constraint
o Document the rationale for each design constraint

> Are design constraints true requirements?

o Do not represent one ofi the five system elements in the
elaborated definition, except:

When elevated to the levellof a legitimate business, political, or
technical concern — read “A Cautionary: Tale”



Developing the Supplementany
SpEecification

> ldentifying other reguirements
o Physical artifacts (CDs, etc.)

o [anget system configuration and preparation
documents

o SuUpport or training requirements

o Internationalization and localization
requirements



Developing the Supplementary
Specliication

> Linking the Supplementary Specification
to the use cases

o Define classes of nonfunctional
requirements

o Assoclate the classes to special
reguirements recorded In the use case

> Template for the Supplementary
Specification
o Figure 22-1, Page 268-9



Chapter 23

OnrAmbiguiy and
SPECICILY



On AmBIguIty. and SPECIHCILY

> Finding the Sweet Spot

o [0 What level of specificity must | state the
reguirements in order to avoid any chance of being
misunderstood? It depends!

o What does it mean to flash the bulb every one
second? See Fig. 23-2, Pg. 273



On AmBIgGUILY anal SpPECIficIty,

> Finding the Sweet Spot
o What level of specificity must I provide?

o It depends on the context ofi your application and
on how well whese doing the implementation can
make the right decisions or at least ask questions
when there Is ambiguity

Understandability

Ambiguity



On AmBIguIty. and SPECIHCILY

> Mary Had A Little Lamb
o See definitions and Table 23-1

> Technigues for Disambiguation

o Memorization Heuristic

Stakeholders and users try to remember the customer’s real
requirements.

Focus on the parts not easily remembered
o Keyword Technigue

List definitions ofi key operative words

Mix and match
o« Emphasis Technique

Read the requirement out loud putting emphasis, on different
words to discover different interpretations

o Other technigues
Pictures, graphics, formal metheds



Chapter 24

llechnical Vietheds oy
SPECIVING Requirements



echnicall Vietheds for Speciiying
Reguirements

> Pseudocode

> Finite State Machines

» Decision Tables and Decision Trees
> Activity Diagrams (Flowcharts)

> Entity-relationship Diagrams




echnical Vetheds fer Speciiying
Reguirements

> Pseudocode
» ‘Quasi” programming language

» Imperative sentences with a single verb and a single
object

» A limited set, typically not more than 40-50, of
“action-oriented” verbs from which the sentences
must be constructed

o Decisions represented with a formal IF-ELSE-ENDIF
structure

o lterative activities represented with DO-WHILE or
FOR-NEXT structures



echnicallVietheds for Speciiying
Reguirements

> Finite State Machines

o Output and next state determined solely by
transition event and current state

o System’s behavior Is said to be deterministic;
we can mathematically determine every
possible state

o State Transition Diagram



echnical Vethods fer Speciiying
Requirements

> Decision Tables and Decision Trees

» Method for evaluating systems with a
combination of Inputs

o Different combinations of inputs lead to
different behaviors

> Activity Diagrams (Flowcharts)
> Entity-relationship Diagrams



eami SKillFS Summeary

> Software Requirements — A More
Rigorous Look

> Refining the Use Cases

> Developing the Supplementary.
Specification

> On Ambiguity and Specificity.

> l'echnical Methods for Specifying
Reguirements




ream SKill-Six

BUILDING THE RIGHT SYSTEM

Chapter 25: From Use Cases to Implementation
Chapter 26: From Use Cases to Test Cases
Chapter 27: Tracing Requirements

Chapter 28: Managing Change

Chapter 29: Assessing Requirements Quality. inilterative
Development



Chapter 25

From Use Cases to
Implementation



From Use Cases to
Implementation

> Ihe effort to show that a requirement Is
fulfilled in the code Is not trivial

> Mapping Requirements Directly to Design
and Code

o IN SOMe cases, It IS not too difficult
» ‘Indicate the compilation process to the user”



Viappingr RequUIemMeEnts

Directly ter Design ancd Coae

> The Orthogonality Problem

The form of the reqguirement and design are different
“The system shall'handle up te 100,000 trades per hour”
The language of the real world and code are different

You can not physically map a perfermance requirement
to the logical structure of the code

Code often needs to interact to achieve functionality.
Implementation may be distributed through the code

Good design Is not determined by the degree that
requirements can be traced to design, but by other
things.

Reuse code, architecture patterns, ete.



Mappine Reguirements: Diectly,
16/ Designiandl Ceae

> Object Orientation

» Orthogonality preblem is substantially
Improved
Some degree of orthogonality with requirements
remain
» Still not a one-to-one mapping with
requirements

Collaboerative classes yielding behavior that Is
greater than the sum of: Its parts



Mappineg Reguirements: Diectly,
16 Design andl Cede

> The Use Case as Reguirement

o Substantially improves the orthogonality
problem

o Does a better job of describing how the
system performs Its intended function

> Managing the Transition

» OO methods and use cases help us deal
with the orthegonality preblem, but It is net
solved

Digress intermodeling and software architecture



Moedeling Seftware Systems

> Software systems are extraordinarily complex
undertakings

> Abstraction Is used to view the system as a
simplified model

o Sltill'must accurately represent the system

> Model selection Is an Important Issue
o Help us to understand the system
o Do not mislead us with errors or abstraction

> Ihe moedel Is not the reality.
o Models can lead us astray — Sun-centered example



e Architecture ol Software
SYSIEMS

> Description of elements frem which
systems are built, interactions among
those elements, patterns that guide their
composition, and constraints on those
patterns (Shaw & Garlan)



e Architecture ol Software
SYSIEMS

> Kruchten (1999) believes we use
Architecture to:

o Understand what the system does

o Understand how the system works

o ['hink and work on pieces of the system
o Extend the system

o Rescue part(s) of the system to build another
one



e Architecture off Software
SYSIEMS

> IThe 4+1 View of Architecture

End User
Functionality

Designers/Testers
Behavior

System Integrators
Performance
Scalability
Throughput

Logical
View

Implementation

View
Use-case
& View )

Process
View

Deployment
View

Programmer
Software Management

System Engineering
System topology
Delivery, installation
Communication



The Architecture ol Software
SYSIEMS

> The 4+1 View of Architecture
o Ihe Logical View addresses Functionality
o I'he Implementation View addresses bits and pieces

relevant to implementation
Source code, Libraries, Object classes

o Process Views describe
Operations ofi the systems
Systems with parallel tasks
Interfaces with other systems
Execution interactions
Throughput and perfoermance ISSues

» Deployment View addresses implementation elements
o the suppoerting Infrastructure

Operating systems and computing| platierms



Role of the Use-Case Model 1n
Architecture

> Returning to the orthogonality problem:

o Use case view plays a special role by
Presenting key use cases
Driving the design
Tying the architecture views together

o Allows all stakeholders to examine system
iImplementation plan against actual use
cases and reguirements of the system



Realizing Use Cases Inl the
PDesign Voedel

> Use cases are realized using collaborations
o Socleties of classes, Iinterfaces, subsystems

o Elements that cooperate to achieve some
behavior

> Use-case realization
« Common UML stereotype
o Special form of collaboration

o ShOWS how! functionality ofi a specific Use case
IS achieved In the design model



Realizing Use Cases Inl the
Pesign Viedel

> Collaboration
o Key modeling construct

o Shows the systematic and aggregate
nehavioral aspects of the system

o Deliver the “bigger-than-the-sum-of-its-parts”
nehavior

o Can now trace the reguirements expressed
In the use case model into the design




Collapoeration

Emergency
Messaging

Symbolic representation of a Collaboration

Use-case Model Design Model
<<trace>> __..-----m T e
_____________ ;,\’/
Use-case Collaboration
Participating Classes

A Use-case realization in the design model



Stiticttralianal Benavieral
ASpPECTS ofi Collaborations

> Collaborations have two aspects

o Structural part

Classes, elements, interfaces, and subsystems on
which the implementation Is structured

o Behavioral part

Specifies the dynamics of how the elements interact
tor accomplishi the result

> Collaboerations are not a physical thing

o JUst a description of how: cooperating elements
Work together



Structural andf Benavioral
ASPECTS o Colliahorations

> Inside the collaboration

o Class diagrams to represent the static
structural aspects

o INteraction or sequence diagram to
represent the dynamic or behavioral
aspects



Using Collaneratiens torRealize: Sets
off Individualf Reguirements

> Use-case and the use-case realization

o Fills the gap between
Statement of reguirements and
Design ofi the system, that fulfills those requirements

> Can be used to model the implementation
of any requirement, or set of reguirements.

> Achieves design to requirements
traceability



Collapoeration

> Grouping of itemized requirements to accomplish the
seguencing of events as In a use case

> Can also be used to model non-functional requirements

Requirements

e The clock shall ... «

-l
-
-
-
-
-
-
-

e Every 24 hours ... «

 Synchronization occurs ...

Design Model

___________
_____________________

Participating Classes

Model of requirements implementation as a collaboration



Erem Design ter implementation

> Ensures that significant reguirements and use
cases are properly realized in the design model

> Helps ensure software design conforms to the
requirements

> A major step in the process of design verification

> Next, the classes and ebjects in the design model
are further refined In the iterative design process

> Finally, they are implemented in terms of the
physical seftware components



Chapter 26

From Use Cases to Test
Cases



From Use Cases to Test Cases

> A Tester's Perspective: Musings on the
Big Black Box

» [he Use-case technique builds a set ofi assets
that can directly drive the testing process

« Can achieve a vastly improved testing
Process over what was previeusly used



From Use Cases to Test Cases

> Questions regarding the testing task might include the
following:

What is the system supposed to do and in what order?

What are all the things that can go wrong with the system and
how does the system behave when this happens?

How can | create and record a set of testing scenarios which will
put the system through Iits paces?

How will'I' know when I've tested the system completely and
thoroughly?

|s there anything else this system Is supposed to do, or not do,
that | need to know about?

Given that the systemis coming out ofi develepment late, and
given that the shipment date has not been moved, IS there any.
way the testing team can start earlier on the next project and
avold this “late discevery” process?



From Use Cases to Test Cases

> Assets available for developing test cases with the use-
case process

o A comprehensive set of use cases that document an ordered set
ofi events describing how the system interacts with the user and
how it delivers its results to that user

o« A use case model that documents all the use cases for the
system, as well as how they interact, and what actors drive them

o Within each use case, both a basic flow of eventsand a series of
alternate flows that defines what the system does in various “what
if” scenarios

o Descriptions of pre conditions and post conditions

o A supplementary specification that defines nonfunctional
reguirements of the system, including the usability, reliability,
perfermance, and supportability of the system



|Is a Use Case a Test Case?

> Almost; additional test design work Is heeded

> Common testing terms
o A test plan — purpose and goals

o A test case — test inputs, execution conditions, expected results for
a particular objective

» A test procedure — set of detailed instructions for the setup,
execution, and evaluation of the results for a given test case

o A test script — software script that automates the execution of a test
procedure

o Test coverage — the degree to a specific test or set of tests
addresses all specific test cases for a given system or component

o A testitem — Is a build that it an object of testing

o lestresults — a repository of data captured during the execution of
a test used in calculating the different key measures of testing



Relatieonships ofi Tlest Artifacts

> [T here are a falr number of test artifacts to define,
Implement, and manage

> Test plan is the foundation
o Testing strategy and test cases

> Use cases are a source for the test cases

> Each test case has one or more test procedures that
define how to execute the test case

> Test cases are executed manually of automatically
using a script

> Results are recorded In the test results
> See Figure 26-1, Pg. 308



The Role of the Test Cases

> Creation and execution of the test cases are the
main activity of testing

o lest cases form the foundation on which to design and
develop test cases

o Ihe “depth” of the testing Is proportional te the number
ofi test cases

o Ihe scale of the test effort Is proportional to the number
of test cases

o lest design and development, and the reseurces
needed, are largely governed by the reguired rest cases

» Use cases are the input to this process



Use-case scenarios

> A scenario, or an instance of a use case,
IS & Use case execution wherein a specific
User executes the use case Iin a specific
way/



Use-case scenaros

Start use case

Basic flow
Alternate flow 3

Alternate flow 1

Alternate flowf

End use case — End use case

Alternate flow 2

\ 4

End use case

> Each of these paths is a scenario, or use-case instance, that can be both
executed and tested

> Even with a limited number ofi use cases, a large number of specific
scenarios must be tested te assure that the system behaves in

accordance with its reguirements



Perving Fest Cases fiiem Use
Cases: A Eoli=Step ProCess

> 1. ldentify the use case scenarios

> 2. For each scenario, identify one or more
test cases

> 3. For each test case, identify the
conditions that will cause It to execute

> 4. Complete the test case by adding
values



1. ldentiiy, the USe: case Scenaries

Scenario
Number

1

Originating
Flow

Basic Flow
Basic Flow
Basic Flow
Basic Flow
Basic Flow
Basic Flow

Basic Flow

Basic Flow

Alternate
Flow

Alternate
Flow 1

Alternate
Flow 1

Alternate
Flow 3

Alternate
Flow 3

Alternate
Flow 3

Alternate
Flow 4

Alternate
Flow 3

Next
Alternate

Alternate
Flow 2

Alternate
Flow 1

Alternate
Flow 1

Alternate
Flow 4

Next
Alternate

Alternate
Flow 2
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1. ldentiiy, the USe: case Scenaries

Eight possible scenarios for the sample use case
Can be used to identify all possible use case scenarios

Need a testing strategy that recognizes that it is impractical
to test all possible scenarios

Not all scenarios are described in the original use case
and the discovery process may need to be conducted
Interactively with the development team

o Use cases developed are not 100% exhaustive and are written at a
level of detail that may be insufficient for testing

o TIhe testteam’s review process will create new discoveries and
additionall scenarios that may result from executing the use case
The iterative modell allows us te plan for and: effectively
manage this precess



2. QI each Scenalio), Identin/ ene
O MOre (est Cases

Test Scenario Data Data Data Expected Actual
Case ID Condition Value 1 Value 2 | Value n Result Result
1 Scenario 1
2 Scenario 2
3 Scenario 2

Matrix for testing specific scenarios

Test Scenario Description Expected Result

Case ID Condition

1 Scenario 6 | Less than seven sequences entered Seguences saved
system beeps

2 Scenario 6 | Attempt to enter an eighth sequence Error?

Two test cases for one scenario




3. EG each test case, Identiiy/ the conditions
thatwillfcauseriterexecute

> Tester searches use case steps for data conditions,

pranches, etc., that would cause a specific test case to
OCCcur

> For each such condition identified, tester enters a new
column In the matrix

> Initial pass: Identify condition; exists, create column entry,
Indicate state

o Valid — indicates a condition must be true for the basic flow to
execute

» Invalid —indicates a condition that will invoke the alternate flow,
causing a specific scenario to occur

o Not Applicable — indicates that an identified condition Is not
applicable to that specific test caselD

Example

» Use case table 26-4, Pg. 314
o Matnix w/conditions, Table 26-5, Pg. 315



4, Complete the test case: oy
200Ing Values

> May need to use supplementary
Specification to find

o Performance specifications

o Valid data ranges for input forms and! interface
protocols, etc.

> Make sure test cases address special
requirements defined for the use case

o Min/Max Performance, Min/Max Loads, Data
volumes expected

> See [lable 26-6, Pg. 316 for final matrix



Vianaging hest Coverage

> Select the most appropriate or critical use
cases for the most thorough testing
o Primary user interfaces

o Balance between cost, risk, and necessity of
verifying the use case

o Determine relative importance ofi use cases
Py prieritizing



Black Box versus Whalte Box
llesting Wit Use Cases

> Black box testing: input and output testing

» See only the result of the implementation against
the limited test criteria we can establish

> White box testing

o Looking inside the system to see how It does what it
does

o Internal inspection, or design assurance

> Use cases do help in white box testing
o Use case -> use case realization

» We can use the use case realization static and
dynamic parts te see how: things are happening



Chapter 27

racing Reqguirements



Using raceanility ter SUppert
\/erfication

> The Role of Traceability in Systems
Development

o “fracing requirements artifacts through the
stages ofi specification, architecture, design,
Implementation, and testing Is a significant factor

In assuring a guality software implementation”
(leffingwell & Widrig, 2003)



IEEE Definitieniof liraceaniiity

> “The degree to which a relationship can be established
between two or more products of the development
process, especially products that have a predecessor-
successor or master-subordinate relationship to one
another; for example, the degree to which the requirements
and design of a given component match.” (Eee 610.12-1990 #3)

> “The degree to which each element in a software
development project establishes its reason for existing; for
example, the degree to whichi each element in a bubble

chart references the requirement it satisfies.” (IEEE 61012-1990
#3)



e lraceaniity, Relationsnip

> Definition: A relationship between two
project elements

o Examples: “is fulfilled by”, “is part of”, “Is
derived from”, “is tested by”

> In UML, we look in one direction or the
other at a type of dependence relationship

o Semantic relationship between two or more
model elements



Depencdence Relationship

A

N

traces

~

Element B is in someway dependent
on element A

One element may affect

another, but the reverse

B IS not necessarily true




Iraceanility Linksfiem: Visien Decunment
10 Seftware Requirement

Vision Document
(features)

Traceability Link

C__

Actor Software Requirement
(use case)

> Describes the predecessor-successor relationship
> Establishes the reason that the second element exists
o T0 Implement the future

> Additional meaning can be inferred

» Software reguirement traced to a test case suggests that the
reguirement Is “tested hy” the test case it Is “traced to”




racing Requirements in the
Systems; Definitien Demain

> System oI product definition domain
o [racing user needs to features
o lracing features to use cases
o [racing features to supplementary requirements

> Reguirement-to-requirement traceability

> A Generalized Traceability Model — Next
slide




A Generalized Taceaniin Viedel
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lIacing Reqguirements; i the
Systems; Definitien Demain

> Tracing user needs to features
o Satisty user and other stakeholder needs

Feature 1 Feature 2 Feature n
Need 1 X
Need 2 X X
X X
Need m X

Traceability Matrix: User Needs versus Features




lIacing Reqguirements; i the
Systems; Definitien Demain

> Inspecting the Traceability Matrix

o If InSpection of a row fails to detect an X

No feature may yet be defined to respond to a user
need

o If Inspection of a column fails to detect an X

A feature may have been included for which there Is
no defined product need

o IMpact assessment process

Assess What special needs should be recensidered If
a user need changes



lacing Reqguirements; i the
Systems; Definitien Demain

> Tracing features to use cases

Use Case 1 | Use Case 2 | ... Use Case n
Feature 1 X X
Feature 2 X X
X
Feature m X X

Traceability Matrix: Features versus Use Cases




Iacing Reguirements; i the
Systems; Definitien Demain

> Inspecting the Traceability Matrix

o If INnSpection of a row fails to detect an X

No Use Case may yet be defined to respond to a
feature

o If Inspection of a column fails to detect an X

A use case has been included for which there Is
no knoewn feature that requires It



racing Requirements 1nithe
Systems; Definitien Demain

> Tracing features to supplementary

reguirements

Supplementary
Requirements 1

Supplementary
Requirements 2

Supplementary
Requirements p

Feature or System X X
Requirement 1
Feature or System X X
Requirement 2

X
Feature or System X

Reguirement |

Traceability Matrix: Features versus supplementary reguirements




racing Requirements 1 the
Systems) Definition Demain

> Inspecting the Traceability Matrix

o If INnSpection of a row fails to detect an X
No supplementary requirement may yet be
defined to respond to a feature

o If Inspection of a column fails to detect an

X
A supplementary requirement has been

Included! for which there Is no known feature
that reguires it



A Generalized Taceaniin Viedel
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Iracing Reguirements; ie
Implementation

> Tracing reguirements to code Is extremely
difficult and not recommended

> The following are perhaps the only
pragmatic approaches

o [racing Use cases to use-case realizations

o [racing from the use-case realizations into
Implementation

o [racing supplementary requirements; into
Implementation



IIracing Use cases (o) Use-case
realizations

System Definition Implementation
Domain Domain

' Use-Case
trace \ —aS )
: Realization

Tracing from Use Case to Use-Case Realization

A7

Simplified traceability problem

One-to-one name space correspondence between a use case and
Its realization
> Both traceability reguirements met

o Relationship between entities IS expressed directly by name sharing

» Reason for the existence of the subordinate, or traced entity, the use
case realization, IS implicit in its very nature — No matrix Is needed!

lts only purpose Is to implement the use case

\ 7



IIracing firen the Use-case
ealizations Inte Implementanon

> When traceability to code Is mandated:

Collaboration

——————————————
_______________

: Participating Classes :

A B C

Tracing from Use-Case Realization to Implementation

» Choice of teoling becemes Important
o YOUu are dealing with dozens of use cases and hundreds of classes



racingl Supplementan Reguirements
Intermplementation

Requirements Design Model
<<trace>> __..-----t e
e The clock shall ... +————————————————;~,’: Sync Clock
————— ,V‘~~\s\7§~_~ e
- Every 24 hours ... «--"" ,/”

« Synchronization occurs ... “

Collaboration

Tracing from supplemental requirements into implementation



A Generalized Taceaniin Viedel
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Iiacing firen Requirements; ie
lresting

> Tracing from use case to test case

> Tracing from supplemental requirement to
test case



Iiracing firen Use Case to) liest
Case

> This Is the bridge from the requirements domain to
the testing domain

> Every use case must be tested by one or more
test cases

> One to many relationship since the use case will
have a variety of pessible scenarios to test

o ScCenarios for a specific use case are represented by a
matrix
> Further, each scenario can drive one or more test
CAaSES

o An additional columniis added to the matrix for the test
cases



racing memi Use: €ase to) fiest
Case

System Definition

Tracing Use Cases to Test Cases



racing memrUse: Case tor liest
Case

Use case

Scenario 1 Scenario 2

Scenario 3, etc.

Tracing Use Cases to Test Case Scenarios



racing frem Use €ase 1o iest

Case

Use Case Scenario Originating Alternate Next Next

Number Flow Flow Alternate Alternate
Control Light | 1 Basic flow

2 Basic flow Alternate Flow 1

3 Basic flow Alternate Flow 1 | Alternate Flow 2

4 Basic flow Alternate Flow 1

5 Basic flow Alternate Flow 1 | Alternate Flow 1

6 Basic flow Alternate Flow 1 | Alternate Flow 1 | Alternate Flow 2

7 Basic flow Alternate Flow 1

8 Basic flow Alternate Flow 1 | Alternate Flow 4
Run/Vacation | 1 Basic flow

Profile

Traceability Matrix for Use Cases to Scenarios




Irracing memi Use: €ase io) liest

Case
Scenario 2
X X X
9]¢ 0] ¢ OK

Test Case 1 Test Case 2 Test Case 3

Tracing Scenarios to Test Cases



Iiracing firen Use Case to) liest
Case

Use Case Scenario Number Test Case ID

=

Control Light 1.1

2.1

3.1

4.1

4.2

4.3

5.1

6.1

7.1

1.2

8.1

R| @ N Nl o] o] ] B B O] DN

Run Vacation Profile 1.1

Traceability Matrix for Use Cases to Test Cases



acing fromrSuppliementai
Reguirement to) rest Case

> Supplemental Requirements are either
traced individually to scenarios and test
cases or In groups called reguirements
packages

> Same matrix, except the far left column
contains the reguirement or reguirement
package



Using In@aceanility lieels

> Using Traceability Tools
o Maintenance ofi Traceablility Relationships
o Displaying, managing and maintaining the matrices automatically
o Implicit form of traceability

> Proceeding without Traceability Tools
o Use spreadsheet
Maintenance of hierarchical relationships is difficult
o Use a database
Fun, but time consuming
» Difficult to manually manage

People fall into the pattern of resisting discussions to change
relationships and

Abanden the matrices as the work becomes overwhelming
o Not an option for large projects



Chapter 28

Managing Change



Managing Chanege

> External
o [he pro

=actors
nlem changes

o Users change their minds or their perceptions
ofi what they want the system to do

o I he external environment changes which

creates

new constraints and/or opportunities

o [he vary existence of the new system causes
the reguirements to change (Yes, but...)



Managing Chanege

> Internal Factors

» \We failed to ask the right guestions to
the right people at the right time

» \We failed to create a practical process
to help manage change

o lterating from reguirements to design
Degets new reguirements




Managing Change

> “We Have Met the Enemy, and They Is Us"

Enhancements mentioned by distributor who had been
overheard by programmers at a sales convention

Direct customer requests by programmers

Mistakes that had been made and shipped and had to be
supported

Hardware features that didn’t get in or didn’t work
Knee-jerk change ofi Scope reactions to competitors

Functionality inserted by pregrammers with “careful
consideration” off what IS goed for the customer

Programmer’s “Easter Eggs™ (See Page 341)



Managing Change

> A Process for Managing Change

Step 1. Recognize that Change Is Inevitable, and
Plan for It

Step 2: Baseline the Reguirements
Step 3: Establish A Single Channel to Control Change

Step 4: Use a Change Control System to Capture
Changes

Step 5: Manage Change Hierarchically:



Managing Change

> Reguirements Configuration Management
o l00l-based Support for Change Management
o Elements Impacted by Change
o Audit Trail of Change History

o Configuration Management and Change Management
Finest level of detail — all use cases and reguirements
Middle level of detail — All documentation
General level of detail — change history for the project



Chapter 29

AsSsessing| Requirements
Qualiy i lteratve
Development



Sofiwale Project @uality

> Purpose of the text:

o 0 help assure that the results you produce have
the requisite quality to meet the needs of your
users and extended stakeholders

> RUP Defines Quality as:

o [he characteristic of having demonstrated the
achievement of having produced a product that
meets or exceeds agreed-on requirements-as
measured by agreed-on measures and criteria-an
that Is preduced by an agreed-on precess



ASSessing Quality inrlteratve
[Developnent

> Ilterative development ini itself Is a primary.
guality measure
« Does it do what we said it would?
o DOES It appear to meet the reguirements?
o Did we do It about when we said we would?

o NOw that you can see a bit of the thing, Is this
what you really wanted?




Reguirements Artifacts Sets

> Artifacts that the developer produces
o Review Table 29-1, Pg. 359

> Assessing the completeness of artifacts by
looking at the various aspects of quality that
each artifact should contain at that peint in the
development process

> Use the checklist for your assessment
o« Table 29-1 thru 29-7, Pg. 361-8



eami SKIllF6 SUmmeary

> From Use Cases to Implementation
> From Use Cases to lest Cases

> Tracing Reguirements

> Managing Change

> Assessing Reguirements Quality in
lterative Development



Getiing Staiited

> What you have learned so far
o leam Skill 1: Analyzing the Problem
o [eam Skill 2: Understanding User Needs
o Ieam Skill 3: Defining the System
o Ieam Skill 4: Managing Scope
o [eam Skill 5: Refining the System Definition
o Ieam Skill 6: Building the Right System

> Chapter 30: Agile Requirements Methods

> Chapter 31: Your Prescription for Agile
Reguirements Management



Chapter 30: Agile Reguirements
Methods

Chapter 31: Your Prescription for
Agile Requirements Management



Aglle: Reqguirements Methods

> This section of the text paints a one-sided
argument for agile methodologies

> Review this chapter with the
understanding that RUP Is the process of
choice

> Present the Agile presentation here
> Present the XP Presentation here



Buillding the: Right Systen Rignt:
OVeniew.

> Continually Confirm that the Development Is on
Track

> Principles of Software Verification
> [he Cost of Verification

> Verification at All Levels

> [he Reason for Verification

> Confirm that the Development Results Are
Correct

> Learn How to Cope with Change that Occurs
Durning the Develepment Proecess
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Qualiy Vieasures, ofi Seftware
Requirements

Nine Quality Measures

Correct Requirements

Unambiguous Requirements

Completeness of the Requirement Set
Consistency in the Requirement Set
Requirements Ranked for Importance and Stability
Verifiable Requirement

Modifiable Requirements Set

Traceable Reguirements

Understandable Requirements

Quality Measures for the Use-Case Model

Use Case Specifications

Use Case Actors

Quality Measures of the Modern SRS Package
A Good Table ofi Contents

A Good lndex

A Revision History.

A Glessary



> Va
> Va
> Va

\alldating the System

idation
idation Testing
idation Traceability

> Reguirements-based Testing

> Case Study: Testing Use Cases
> Test Case 1 Description

> Tracing Test Cases

> Testing Discrete Reguirements
> Omitted Validation Relationships
> Excess Validation Relationships

> Testing Design Constraints



Using ROI te Determine: the
V&N Efion

> Depth versus Coverage

> V&V Coverage

> What to Verify and Validate

> Option 1: Verity and Validate Everything

> Option 2: Use a Hazard Analysis to
Determine V&V Necessities

> Hazard Analysis as Return On Investment
(ROI)



Role Playing

> Getting to the root cause
o Fishbone Diagram
o Developer act as the user
Sit down and do what the user does
> Technigues Similar to Role Playing

o Scripted Walkthroughs
Write script of function
Developers and customers play the role of users
They perform a scripted function on the prototype



Role Playing

> CRC (Class-Responsibility-Collaboeration) Cards

o Objected-oriented

o Each participant has a set of cards describing

Class or object
Responsibilities or behaviors
Collaborations, or who the object communicates with, of each
entity being modeled

» Entities from the problem domain

o Users, bush-buttons, lights, objects, etc.
As the Initiator actor starts, each participant follows the
behavior on cards



Pretetyping Categeres

> Types of Prototypes

o Architectural Prototype
Used to establish feasibility of a technology
Throwaway or Evolutionary.

o Reguirements Prototype

Use the fastest cheapest technology
» Mainly for GUI development

Throwaway or Evelutionary

> Investment Strategy.
o [hrowaway
To gain knowledge

o Evolutionary
Will'be used in the final system



Requirements: Prototyping

> A partial implementation ofi a software system,
built to help developers, users, and customers,
petter understand the requirements of the system

o A Horizontal prototype has a wide range of functionality
to a shallow depth

o A Vertical prototype has a narrow range of functionality
built to great depth and quality.

o A User Interface prototype implements the interface
without the background! logic or algorthms
> Buildlin a manner that consumes, the fewest
[ESOUICES



Requirements: Prototype

> Built by the developer, It can be used
o [0 confirm customer understands reguirements
o As a catalyst to elicit more requirements

> Built by the custemer, it can be used
o [0 communicate reguirements to developer

> What to Prototype
o When requirements are well understood — No

o When requirements are vague or unknoewn — Yes
Undiscovered ruins



Evaluating the Results of
Pretetyping

> Fuzzy becomes better understood

> Elicits a “Yes, But” response from the user
o Unknown needs become known

> Summary
o Select prototype based on project risk

o Reguirements prototype
Cheap and easy to make
Helps eliminate reguirements; risk
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