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Where does this lecture come from?

• Make of work, experiences, slides, stuff borrowed from / inspired by / …
– Orlena “Olly” Gotel
– Cecilia Mascolo
– Scott Adams
– Daniel Amyot
– Benoit Baudry
– Steve Easterbrook
– Daniel Lucas-Hirtz
– Martin Mahaux
– Gunter Mussbacher

– And so many others
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• Program at a Glance
– (1) Requirements Engineering in the Large
– RE activities in details

• (2) Requirements Elicitation
• (2) Specifying Better Requirements
• (3) Modeling Requirements
• (3) Requirements Validation and Verification• (3) Requirements Validation and Verification
• (4) Requirements Management
• (4) Requirements Traceability
• (4) Requirements Variability and Software Product Lines
• (5) Test
• (5) Requirements Management in Practice with Polarion

3



What is the program for today?

• Introduction to Requirements Engineering (RE)
• You said Requirements Engineering?
• Why is RE difficult?
• So many Requirements…
• About Requirements Elicitation
• About Requirements Analysis
• About Requirements Specification• About Requirements Specification
• About Requirements Management
• RE in a development lifecycle
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Introduction
Software Intensive Systems

• Software (on its own) is useless
– Software is an abstract description of a set of computations
– Software only becomes useful when run on some hardware

• we sometimes take the hardware for granted
– Software + Hardware = “Computer System”

• A Computer System (on its own) is useless• A Computer System (on its own) is useless
– Only useful in the context of some human activity that it can support

• we sometimes take the human context for granted
– A new computer system will change human activities in significant ways
– Software + Hardware + Human Activities = “Software-Intensive System”

• “Software” makes many things possible
– It is complex and adaptable
– It can be rapidly changed on-the-fly
– It turns general-purpose hardware into a huge variety of useful machines
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Introduction
Software Quality

• Software technology is everywhere
– Affects nearly all aspects of our lives
– But our experience of software technology is often frustrating/disappointing

• Software is designed for a purpose
– If it doesn’t work well then either:

• …the designer didn’t have an adequate understanding of the purpose
• …or we are using the software for a purpose different from the intended one• …or we are using the software for a purpose different from the intended one

– Requirements analysis is about identifying this purpose
– Inadequate understanding of the purpose leads to poor quality software

• The purpose is found in human activities
– E.g. Purpose of a banking system comes from the business activities of banks 

and the needs of their customers
– The purpose is often complex:

• Many different kinds of people and activities
• Conflicting interests among them
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Introduction
The World and the Machine – Where are the challenges?

• From the business / application domain to the software / machine domain

Domain Properties, Models, Programs, SpecificationDomain Properties, 
Requirements

Models, Programs, 
Computers

Specification
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Introduction
The World and the Machine – Where are the challenges?

• From the business / application domain to the software / machine domain

• Domain Properties:
– Things in the application domain that are true whether or not we ever build the 

proposed system

Domain Properties 
Requirements

Models, Programs 
Computers

Specification

proposed system
• Requirements:

– Things in the application domain that we wish to be made true by delivering the 
proposed system

• Many of them will involve phenomena to which the machine has no access
• A Specification:

– is a description of the behaviors that the program must have in order to meet the 
requirements

• "Can only be written in terms of shared phenomena!
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WHY IS REQUIREMENTS ENGINEERING 
IMPORTANT?

9



Why is RE important?
The World and the Machine – Where are the challenges?

• E.g. “Prevent unauthorized access to your apache and ftp servers”
– Users and Passwords
– Firewall permissions
– Software security

• E.g. “prevent unauthorized access to the university intranet”

Things private to the machineThings private to the machine
Password files
Encryption algorithms
Memory management
Cache contents
Secure sockets

Shared things
Usernames
Passwords
HMIs

Things the machine cannot observe
Employee?
Students?
System admin?
Intruder?

Passwords allocation process
Signed forms
Stickies with passwords on
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Why is RE important? 
The World and the Machine – Where are the challenges?

• OK, now let’s think about the French Army “Syracuse” system …
– SYstème de RAdioCommunication Utilisant un SatellitE
– All military communications between France and all operating unit abroad

• From aircraft carriers, mobile installations to commando squads
– Purpose: Command, Intelligence, Freight and Logistics.

• With a mix of civilian and military personnel within all bases
• Different level of access control to terminals / buildings / rooms / data 

• Data communication flows between units

• Importance of Domain Properties and requirements!
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Why is RE important ?

• Cost of fixing errors
– Typical development process:

• requirements analysis ⇒ software design ⇒ programming ⇒ development 
testing ⇒ acceptance testing ⇒ operation

– Errors cost more to fix the longer they are undetected
• A requirements error found in testing costs 100 times more than a 

programming error found in testingprogramming error found in testing
• Projects lose money, time, energy and fail due to bad requirements

– Ariane 501 (1996) ($370M): 
– Bad reuse of software systems (domain properties changed)

– Mars Climate Orbiter (1999) ($125M): 
– Misunderstanding between a team in Colorado and one in California (meters 

vs inches – bad specifications)
– FBI Information System (2005) ($170M)

– Bad requirements specifications
– Ignoring scalability issue
– Competition among stakeholders (intelligence, politicians, engineers, etc.)
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Why is RE important ?
Failures and Projects overcosts
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Why is RE important? 
The World and the Machine – Where are the challenges?

• Complexity of purpose
– People and software are closely-coupled

• Complex modes of interaction
• Long duration of interaction
• Mixed-initiative interaction
• Socially-situated interaction
• Software systems and human activity shape each other in complex ways• Software systems and human activity shape each other in complex ways

– The problems we’d like software to solve are tricky
• No definitive formulation of the problem
• No stopping rule (each solution leads to new insights)
• Solutions are not right or wrong, No objective test of how good a solution is
• Each problem is unique (no other problem is exactly like it)
• Problems can be tightly related to others
• Problems often have strong political, ethical or professional dimensions
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YOU SAID REQUIREMENTS ENGINEERING?
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Requirements Engineering?
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• No common and consensual definition
• Definitions differ in their focus (elicitation vs specification vs objectives vs …)

– Most of time related to specification

• In Academia, it is mostly admitted that it concerns a much broader spectrum
– “a systematic process of developing requirements through an iterative 

cooperative process of analyzing the problem,  documenting the resulting 

Requirements Engineering?
Definition

cooperative process of analyzing the problem,  documenting the resulting 
observations in a variety of representation formats, and checking the accuracy of 
the understanding gained.”  (Pohl 1994)
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Requirements?
Definition

• A requirement is:
– Capturing the purpose of a system
– An expression of the ideas to be embodied in the system or application under 

development
– A statement about the proposed system that all stakeholders agree must be 

made true in order for the customer’s problem to be adequately solved
• Short and concise piece of information • Short and concise piece of information 
• Says something about the system 
• All the stakeholders have agreed that it is valid
• It helps solve the customer’s problem

– In French: exigence, requis, besoin

18



Requirements?
Definition

• According to the IEEE std 830 – 1993

– IEEE standard on Software Requirements specifications 

• A requirement is defined as: 

– A condition or capability needed by a user to solve a problem or achieve an objective

– A condition or a capability that must be met or possessed by a system … to satisfy a 

contract, standard, specification, or other formally imposed document …
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Requirements Engineering?
Definition

• Requirements Engineering (RE) is a set of activitiesa concerned with identifying 
and communicatingb the purposec of a software-intensive system, and the contextsd

in which it will be used. Hence, RE acts as the bridge between the real world needse

of users, customers, and other constituenciesf affected by a software system, and the 
capabilities and opportunitiesg afforded by software intensive technologies

a. Not a phase or stage!a. Not a phase or stage!
b. Communication is as important as the analysis
c. Quality means fitness-for-purpose. Cannot say anything about quality unless 

you understand the purpose
d. Designers need to know how and where the system will be used
e. Requirements are partly about what is needed…
f. Need to identify all the stakeholders - not just the customer and user
g. …and partly about what is possible
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• Requirements Engineering (RE) is:
– The activity of development, elicitation, specification, analysis, and management 

of the stakeholder requirements, which are to be met by a new or evolving 
system

– RE is concerned with identifying the purpose of a software system… and the 
contexts in which it will be used

• How/where the system will be used

Requirements Engineering?
Definition

• How/where the system will be used
• Big picture is important

– Captures real world needs of stakeholders affected by a software system and 
expresses them as artifacts that can be implemented by a computing system

• Bridge to design and construction
• How to communicate and negotiate?
• Is anything lost in the translation between different worlds?
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Requirements Engineering?
Definition

• The three goals and dimensions of RE (Pohl 93)
– Improving an opaque system comprehension into a complete system 

specification;
– Transforming informal knowledge into formal representations;
– Gaining a common agreement on the specification out of the personal views;
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Requirements Engineering?
Synthesis - Problems vs solutions

� Two basic principles:
• 1. It is useful to separate the problem the solution

– And to document a problem statement separately from any design solutions
– Separation of concerns may imply Modeling

• 2. This separation can never be achieved fully in prac tice
– Because design changes the world, and therefore changes the problem

• Requirements Engineering
– Building the right system!

• Specify the system that fit to the user’s problem
– Problem oriented

• Software Engineering
– Building the system right!

• Design, implement, verify, maintain the system that you created to fit the 
user’s problem

– Solution oriented

23



Requirements Engineering?
Separate the problem from the solution

• A separate problem description is useful:
– Most obvious problem might not be 

the right one to solve
– Problem statement can be discussed 

with stakeholders
– Problem statement can be used to 

evaluate design choicesevaluate design choices
– Problem statement is a source of 

good test cases

• Still need to check:
– Solution correctly solves the stated 

problem
– Problem statement corresponds to 

the needs of the stakeholders
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Requirements Engineering?
Separate the problem from the solution

• Design changes the world !
– It changes because you only have an 

imperfect abstraction of the problem
– It changes because the solution 

changes the world itself

• New systems mean new problems / • New systems mean new problems / 
challenges
• Working environment interactions
• Ethical and privacy issues
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Requirements Engineering?
Observations about RE

• RE is not necessarily a sequential process:
– Don’t have to write the problem statement before the solution statement

• (Re-)writing a problem statement can be useful at any stage of development
• RE activities continue throughout the development process

– The problem statement will be imperfect
– RE models are approximations of the world

• Will contain inaccuracies and inconsistencies• Will contain inaccuracies and inconsistencies
• Will omit some information.
• Analysis should reduce the risk that these will cause serious problems…

• Perfecting a specification may not be cost-effective
– Requirements analysis has a cost
– For different projects, the cost-benefit balance will be different

• Problem statement should never be treated as fixed
– Change is inevitable, and therefore must be planned for
– There should be a way of incorporating changes periodically
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WHY IS REQUIREMENTS ENGINEERING 
DIFFICULT?
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Why is RE Difficult ?

• RE is about both hard and soft things

Real-world problems : 
complex, messy, unstable, 
subjective, political...

Computer programs and systems : Computer programs and systems : 
all the opposite (in theory)
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Why is RE Difficult ?

• You have to think not only about your system-to-be …
• …, but also everything that is around your system

– Stakeholders needs and (not so) brilliant ideas,
– Domain constraints
– Final users constraints,
– System Integration, 
– System Installation, – System Installation, 
– Operating environment,
– Domain practice
– Etc.

• That said, we have to define the system boundaries
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Why is RE difficult?

• Keep your stakeholders involved
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Why is RE Difficult ?
An extreme example: Tracking seals migration in North Scotland
inspired from a real concrete example from Cecilia Mascolo’s (U. of Cambridge) RE11 Keynote

• Inspired from Evolution and Sustainability of a Wildlife Monitoring Sensor Network
Vladimir Dyo, Stephen A. Ellwood, David W. Macdonald, Andrew Markham, Cecilia Mascolo, Bence Pasztor, 
Salvatore Scellato, Niki Trigoni, Ricklef Wohlers, Kharsim Yousef.
In Proceedings of the 8th ACM Conference on Embedded Networked Sensor Systems (Sensys 2010). Zurich, 
Switzerland. November 2010. 

• The context: academic research project to trace seals populations migrations
• The job: Development of a tracker system• The job: Development of a tracker system
• People: academic researchers (Zoologists)
• You: academic researcher in Networked sensor systems (Computer Science)
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• In your mind …

Why is RE Difficult ?
An extreme example: Tracking seals migration in North Scotland 
inspired from a real concrete example from Cecilia Mascolo’s (U. of Cambridge) RE11 Keynote

++

�
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Why RE is Difficult ?
An extreme example: Tracking seals migration in North Scotland 
inspired from a real concrete example from Cecilia Mascolo’s (U. of Cambridge) RE11 Keynote

�

• Back to reality …
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Why is RE Difficult ?
An extreme example: Tracking seals migration in North Scotland 

inspired from a real concrete example from Cecilia Mascolo (U. of Cambridge) live experience

• Back to reality …

Water,

�+

Water,

Wildlife,

Temperature,

Energy issues,

Project duration,

GPS global coverage

…
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Why RE is Difficult ?
An extreme example: Tracking seals migration in North Scotland 

inspired from a real concrete example from Cecilia Mascolo’s (U. of Cambridge) RE11 Keynote

• Back to reality …

�

�
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Why RE is Difficult ?
An extreme example: Tracking seals migration in North Scotland 
inspired from a real concrete example from Cecilia Mascolo’s (U. of Cambridge) RE11 Keynote

• Finally …
– Surveillance of seal population in the North

• Transmitting tags attached to seals, to track their location
� Functional requirements

• Hard to attach a transmitter (and dangerous!)
� Ergonomy requirements (risk management)

• Project over several years in wildlife conditions• Project over several years in wildlife conditions
� Sustainability requirements, etc.

– Problem: batteries last several weeks, while the project spans many years
• Intense Iterative developments

1. Transmit every 40 minutes for 9 months (4500$)
2. Transmit every 60 minutes for 1 year (4500$)
3. Transmit every 40 minutes for 2 years (5500$) (yeah!)

– Late domain constraints…
• Tags are attached to the fur of seals
• Seals lose their fur every 9 months!!!
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Why RE is Difficult ?
An extreme example: Tracking seals migration in North Scotland 
inspired from a real concrete example from Cecilia Mascolo’s (U. of Cambridge) RE11 Keynote

• Back to reality …

�
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REQUIREMENTS ENGINEERING ACTIVITIES
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Requirements Engineering Activities

Requirements Engineering

Elicitation Analysis Specification Validation

Requirements 
Inception

Requirements 
Management

Requirements 
Development
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Requirements Engineering Activities

• Inception
– Start the process (business need, market opportunity, great idea, ...), business 

case, feasibility study, system scope, risks, etc.
• Requirements elicitation

– Requirements discovered through consultation with stakeholders
• Requirements analysis and negotiation

– Requirements are analyzed and conflicts resolved through negotiation– Requirements are analyzed and conflicts resolved through negotiation
• Requirements specification

– A precise requirements document is produced
• Requirements validation

– The requirements document is checked for consistency and completeness
• Requirements management

– Needs and contexts evolve, and so do requirements!

– “Changing requirements is as certain as death and taxes”
• Standish group CHAOS Reports
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SO MANY REQUIREMENTS…
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So Many Requirements
Complex nuclear energy requirements

• Different levels of requirements
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So Many Requirements
Multidimensional requirements …

functionality

usability

adaptability

privacy

regulation

mobility

HW platform

look and feel
interoperability
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So Many Requirements
Some types of requirements

• A goal is an objective or concern that guides the RE process. It can be used to 
discover and evaluate functional and non-functional requirements

– A goal is not yet a requirement…

• Note: All requirements must be verifiable (by some test, inspection, audit etc.)
• A functional requirement is a requirement defining functions of the system under 

developmentdevelopment
– Describes what the system should do

• A non-functional requirement is a requirement that is not functional. This includes 
many different kinds of requirements. 
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• A user requirement is a desired goal or function that a user and other stakeholders 
expect the system to achieve

– Does not necessarily become a system requirement
• Application domain requirement (sometimes called business rules) are requirements 

derived from business practices within a given industrial sector, or in a given 
company, or defined by government regulations or standards. 

– May lead to system requirements. Can be functional or non-functional

So Many Requirements
Some types of requirements

– May lead to system requirements. Can be functional or non-functional
• System requirements are the requirements for the system to be built, as a whole

– A system is a collection of interrelated components working together towards 
some common objective 

• May be software, mechanical, electrical and electronic hardware and be 
operated by people

– Systems Engineering is a multidisciplinary approach to systems development 
• Software is only a part (but often the problematic part)
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So Many Requirements
About Functional Requirements

• Functional requirements are about:
– What inputs the system should accept
– What outputs the system should produce
– What data the system should store other systems might use
– What computations the system should perform
– The timing and synchronization of the above

• Depend on the type of software, expected users, and the type of system where the 
software is used

• Functional user requirements may be high-level statements of what the system 
should do, but functional system requirements should describe the system services in 
detail
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• The user shall be able to search either all of the initial set of databases or select a 
subset from it.

• The system shall provide appropriate viewers for the user to read documents in the 
document store.

• Every order shall be allocated a unique identifier (ORDER_ID) which the user shall be 

So Many Requirements
Some Functional Requirements

• Every order shall be allocated a unique identifier (ORDER_ID) which the user shall be 
able to copy to the account’s permanent storage area.
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So Many Requirements
Some Types of Non-Functional Requirements

• One often considers the following non functional requirements sub-categories:
– Performance requirements, characterizing system properties such as expected 

performance, capacity, reliability, robustness, usability, etc.
– Design constraints (also called process requirements), providing constraints on 

how the system should be designed and built – related to development process, 
documentation, programming language, maintainability, etc.

– Commercial constraints, such as development time frame and costs.– Commercial constraints, such as development time frame and costs.
– Etc.
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So Many Requirements
About Non-Functional Requirements (NFR)

• Non-functional requirements are important
– If they are not met, the system is useless though it does what expected
– Non-functional requirements may be very difficult to state precisely 

• Especially at the beginning
• Imprecise requirements may be difficult to verify

• They are sometimes called quality requirements, quality of service, or extra-functional 
requirements. requirements. 

• Three main categories*:
– Performance requirements reflecting: usability, efficiency, reliability, 

maintainability and reusability (also including security requirements)
• Response time, throughput
• Resource usage
• Reliability, availability
• Recovery from failure
• Allowances for maintainability and enhancement
• Allowances for reusability 

* Lethbridge and Laganière, Object Oriented Software Engineering: Practical Software Development using UML and Java, 2005 49



So Many Requirements
About Non-Functional Requirements (NFR)

– Design constraints: Categories constraining the environment and technology of 
the system.

• Platform (minimal requirements, OS, devices…)
• Technology to be used (language, DB, …)

– Commercial constaints: Categories constraining the project plan and
development methodsdevelopment methods

• Development process (methodology) to be used
• Cost and delivery date

– Often put in contract or project plan instead
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So Many Requirements
About Non-Functional Requirements (NFR)

• Other taxonomies exist

Product
requir ements

Or ganizational
requir ements

External
requirements

Non-functional
requir ements

Performance
requirements

Space
requir ements

Usabil ity
requirements

Ef ficiency
requir ements

Reliab ility
requir ements

Portabil ity
requirements

Interoperability
requirements

Ethical
requirements

Legis lative
requirements

Implementation
requir ements

Standards
requirements

Delivery
requirements

Safety
requirements

Privacy
requirements

Source: Gerald Kotonya and Ian Sommerville, Requirements Engineering – Processes and Techniques, Wiley, 1998 51



So Many Requirements
Some Verifiable Non-Functional Properties

Property Measure
Speed Processed transactions/second

User/Event response time
Screen refresh time

Size K Bytes
Number of RAM chips

Ease of use Training time
Number of help framesNumber of help frames

Reliability Mean time to failure
Probability of unavailability
Rate of failure occurrence
Availability

Robustness Time to restart after failure
Percentage of events causing failure
Probability of data corruption on failure

Portability Percentage of target dependent statements
Number of target systems

Source: Gerald Kotonya and Ian Sommerville, Requirements Engineering – Processes and Techniques, Wiley, 1998 52



• Product requirement
– It shall be possible for all necessary communication between the APSE and the 

user to be expressed in the standard Ada character set.

• Process requirement
– The system development process and deliverable documents shall conform to 

the process and deliverables defined in XYZCoSPSTAN95.

So Many Requirements
Some Non-Functional Requirements (NFR)

the process and deliverables defined in XYZCoSPSTAN95.

• Security requirement
– The system shall not disclose any personal information about customers apart 

from their name and reference number to the operators of the system.
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• A Goal:
– Conveys the intention or the objective of one or many stakeholders
– Can guide the discovery of verifiable non-functional requirements that can be 

tested objectively
• A system goal example

– The system should be easy to use by experienced controllers and should be 
organized in such a way that user errors are minimized.

So Many Requirements
About goals

organized in such a way that user errors are minimized.

• Verifiable usability requirements derived from this goal
– Experienced controllers shall be able to use all the system functions after a total 

of three hours of training.
– The average number of errors made by experienced controllers shall not exceed 

two per day.

– Assumption: An experienced controller has at least 2 years experience with the 
old system (as stated by the stakeholder)
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• Domain Requirements:
– Are derived from the application domain
– Describe system characteristics and features that reflect the domain
– May be new functional requirements, constraints on existing requirements, or 

define specific computations
• If domain requirements are not satisfied, the system may be unworkable
• Problems of Domain requirements

So Many Requirements
About Application Domain Requirements

• Problems of Domain requirements
– Understandability

• Requirements are expressed in the language of the application domain
• This is often not understood by software engineers developing the system

– Implicitness / Tacit Knowledge
• Domain specialists understand the area so well that they do not think of 

making the domain requirements explicit
• People are often unaware of the tacit knowledge they possess and therefore 

cannot express it to others 
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• Properties of the system as a whole
– Requirements that cannot be addressed by a single component, but that depend 

for their satisfaction on how all the software components interoperate
– Only emerge once all individual subsystems have been integrated
– Dependent on the system architecture

• Examples of emergent properties

So Many Requirements
Emergent Properties

• Examples of emergent properties
– Reliability
– Maintainability
– Performance
– Usability
– Security
– Safety
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REQUIREMENTS INCEPTION
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Requirements Inception

• Start the process
– Identification of business need
– New market opportunity
– Great idea

• Involves
– Building a business case
– Preliminary feasibility assessment– Preliminary feasibility assessment
– Preliminary definition of project scope

• Stakeholders
– Business managers, marketing people, product managers...

• Examples of techniques
– Brainstorming, Joint Application Development (JAD) meeting…

58



REQUIREMENTS ELICITATION
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Requirements Elicitation
Discovering Requirements in an anarchic way

• Make the stakeholders say what they think/want about their project
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Requirements Elicitation
Objectives

• Gathering of information
– About problem domain
– About problems requiring a solution
– About constraints related to the problem or solution

• Questions that need to be answered
– What is the system?
– What are the goals of the system?– What are the goals of the system?
– How is the work done now?
– What are the problems?
– How will the system solve these problems?
– How will the system be used on a day-to-day basis?
– Will performance issues or other constraints affect the way the solution is 

approached?
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• Overview of different sources
– Customers and other stakeholders
– Existing systems
– Existing practices (hard to gather)
– Documentation
– Domain experts (hard to join)
– More ...

Requirements Elicitation
Materials and techniques

– More ...
• Overview of different techniques

– Brainstorming
– Interviews
– Task observations
– Use cases / scenarios
– Prototyping
– More ...
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REQUIREMENTS ANALYSIS
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Requirements Analysis

• The process of studying and analyzing the needs of stakeholders (e.g., customer, 
user) in view of coming up with a “solution”. Such a solution may involve:

– A new organization of the workflow in the company.
– A new system (system-to-be, also called solution domain) which will be used in 

the existing or modified workflow.
– A new software to be developed which is to run within the existing computer 

system or involving modified and/or additional hardware. system or involving modified and/or additional hardware. 
• Objectives

– Detect and resolve conflicts between requirements (e.g., through negotiation)
– Discover the boundaries of the system / software and how it must interact with its 

environment
– Elaborate system requirements to derive software requirements

• Requirements analysis is often linked to modeling
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REQUIREMENTS SPECIFICATION
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Requirements Specification
Writing (good / bad) requirements …

• Is a very (very, very, …)n:
– Time consuming task
– About social engineering stuff
– Ingrate stuff
– Important stuff yet
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Requirements Specification
Overspecified requirements …
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Requirements Specification
Requirements documents

Two extremes:
• An informal outline of the requirements using a few 

paragraphs or simple diagrams 
• A long list of specifications that contain thousands of pages 

of intricate requirements describing the system in detail

• Requirements documents for large systems are normally 

Requirements
xxxx
xxxxxxx
xxx
xxxxxxxxxxx
xxxxx
xxxxxxxxxxxxx
xxxxxxx
xxx
xxxxxxxxxxxxxxx

subsystem 1 subsystem 2

Requirements
xxxx
xxxxxxx
xxx
xxxxxxxxxxx
xxxxx
xxxxxxxxxxxxx
xxxxxxx
xxx
xxxxxxxxxxxxxxx

Requirements
Definition
xxxx
xxxxxxx
xxx
xxxxxxxxxxx
xxxxx
xxxxxxxxxxxxx
xxxxxxx
xxx
xxxxxxxxxxxxxxx

Requirements
Specification
xxxx
xxxxxxx
xxx
xxxxxxxxxxx
xxxxx
xxxxxxxxxxxxx
xxxxxxx
xxx
xxxxxxxxxxxxxxx

sub-subsystems

sub-subsystems
Requirements
Definition

Requirements

Definition
xxxx

Requirements
Definition
xxxx

Requirements

Definition
xxxx
xxxxxxx• Requirements documents for large systems are normally 

arranged in a hierarchy (subsystems) or topics
• Nuclear specific standards applied in France

– Nuclear power plants – Instrumentation and control 
important to safety …

• IEC 60880 Software Aspects for Computer-Based Systems 
Performing Category A Functions

• IEC 60987 Hardware Design Requirements for Computer-Based 
Systems

• IEC 61226 Classification of Instrumentation and Control Functions
• …

sub-subsystems
Definition
xxxx
xxxxxxx
xxx
xxxxxxxxxxx
xxxxx
xxxxxxxxxxxxx
xxxxxxx
xxx
xxxxxxxxxxxxxxx

Requirements
Specification
xxxx
xxxxxxx
xxx
xxxxxxxxxxx
xxxxx
xxxxxxxxxxxxx
xxxxxxx
xxx
xxxxxxxxxxxxxxx

xxxx
xxxxxxx
xxx
xxxxxxxxxxx
xxxxx
xxxxxxxxxxxxx
xxxxxxx
xxx
xxxxxxxxxxxxxxx

Requirements
Specification
xxxx
xxxxxxx
xxx
xxxxxxxxxxx
xxxxx
xxxxxxxxxxxxx
xxxxxxx
xxx
xxxxxxxxxxxxxxx

xxxx
xxxxxxx
xxx
xxxxxxxxxxx
xxxxx
xxxxxxxxxxxxx
xxxxxxx
xxx
xxxxxxxxxxxxxxx

Requirements

Specification
xxxx
xxxxxxx
xxx
xxxxxxxxxxx
xxxxx
xxxxxxxxxxxxx
xxxxxxx
xxx
xxxxxxxxxxxxxxx

xxxx
xxxxxxx
xxx
xxxxxxxxxxx
xxxxx
xxxxxxxxxxxxx
xxxxxxx
xxx
xxxxxxxxxxxxxxx

Requirements

Specification
xxxx
xxxxxxx
xxx
xxxxxxxxxxx
xxxxx
xxxxxxxxxxxxx
xxxxxxx
xxx
xxxxxxxxxxxxxxx

Requirements
Definition

xxxx
xxxxxxx
xxx
xxxxxxxxxxx
xxxxx
xxxxxxxxxxxxx
xxxxxxx
xxx
xxxxxxxxxxxxxxx

Requirements

Specification
xxxx
xxxxxxx
xxx
xxxxxxxxxxx
xxxxx
xxxxxxxxxxxxx
xxxxxxx
xxx
xxxxxxxxxxxxxxx

Requirements

Definition
xxxx
xxxxxxx
xxx
xxxxxxxxxxx
xxxxx
xxxxxxxxxxxxx
xxxxxxx
xxx
xxxxxxxxxxxxxxx

Requirements
Specification
xxxx
xxxxxxx
xxx
xxxxxxxxxxx
xxxxx
xxxxxxxxxxxxx
xxxxxxx
xxx
xxxxxxxxxxxxxxx

Requirements
Definition
xxxx
xxxxxxxxxx
xxxxxxxxxxx
xxxxx
xxxxxxxxxxxxx
xxxxxxx
xxx
xxxxxxxxxxxxxxx

Requirements

Specification
xxxx
xxxxxxx
xxx
xxxxxxxxxxx
xxxxx
xxxxxxxxxxxxx
xxxxxxx
xxx
xxxxxxxxxxxxxxx

Requirements

Definition
xxxx
xxxxxxx
xxx
xxxxxxxxxxx
xxxxx
xxxxxxxxxxxxx
xxxxxxx
xxx
xxxxxxxxxxxxxxx

Requirements

Specification
xxxx
xxxxxxx
xxx
xxxxxxxxxxx
xxxxx
xxxxxxxxxxxxx
xxxxxxx
xxx
xxxxxxxxxxxxxxx
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Requirements Specification

• The invention and definition of the behavior of a new system (solution domain) such 
that it will produce the required effects in the problem domain

• Requirements Analysis has defined the problem domain and the required effects

• Specification Document
– A document that clearly and precisely describes, each of the essential 

requirements (functions, performance, design constraints, and quality attributes) requirements (functions, performance, design constraints, and quality attributes) 
of the software and the external interfaces

– Each requirement being defined in such a way that its achievement is capable of 
being objectively verified by a prescribed method (e.g., inspection, 
demonstration, analysis, or test)

– Different guidelines and templates exist for requirements specification
• Boilerplates, EARS, IEEE 830 templates, Volere Shells, etc.
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REQUIREMENTS VALIDATION AND 
VERIFICATION

70



Requirements Validation

• Requirements Validation
– Ensure you have the good requirements for the good system

• System Validation
– Ensure you have built the good system with respect to the specified system’s requirements
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Requirements Validation and Verification

• Validation and verification
– Both help ensure delivery of what the client wants
– Need to be performed at every stage during the process

• Validation: checks that the right product is being built (refers back to stakeholders –
main concern during RE)

• Verification: checks that the product is being built right
– During design phase: refers back to the specification of the system or software – During design phase: refers back to the specification of the system or software 

requirements
– During RE: mainly checking consistency between different requirements, 

detecting conflicts
• Techniques used during RE

– Simple checks
– Formal reviews
– Logical analysis
– Prototypes and enactments
– Design of functional tests
– Development of user manual
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REQUIREMENTS MANAGEMENT
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Requirement Management

• After hours, days, weeks of pain, despair, negotiations, …
• After being  elicitated,  written, reviewed, rejected, modified, resent, rejected, re-

modified, resent, finally approved …

• Requirements continue to have a life (anyway) …
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Requirement Management

• “Changing requirements is as certain as death and taxes”
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Requirement Management
Managing Changes Example

• Requirements evolve over time: 197x – 1993, The Hermès Spaceshuttle Story
– 1973 – failure of Europa rockets project
– Mid 70’s – success of Ariane 1
– 1977 – project around a spaceshuttle mounted on Ariane 4 (> 10B Frcs)

• (3 astronauts – 120kg luggages – 400kg freight)
– 1978: switch from Ariane 4 to Ariane 5 (inaugural Ariane 5 flight: 1996)

• (4-6 astronauts – 4500kg freight)• (4-6 astronauts – 4500kg freight)
– 1984-1985: industrial and international partnerships (~14B Frcs)

• Shall be able to connect with Columbus (EU – connected with ISS in 2008), 
Freedom (USA – now ISS, assembly started in 1998), Mir (USSR) projects

– 1986 – Challenger Accident
• The necessity of emergency ejection system
• � (3 astronauts, 3000kg freight) � ejection seats only

– 1993 – project cancelled (> 21B Frcs)
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Requirement Management
Reusing Requirements, Components and Impact Analysis

• 1996/06/4 Ariane 5 (flight 501) inaugural flight crash
• The Ariane 5 reused the inertial reference platform from the Ariane 4, claimed to be 

and was reliable
• Ariane 5's flight path is sensibly different from Ariane 4. Specifically, the Ariane 5's 

greater horizontal acceleration caused the computers in both the back-up and 
primary platforms to crash and emit diagnostic data misinterpreted by the autopilot as primary platforms to crash and emit diagnostic data misinterpreted by the autopilot as 
spurious position and velocity data.
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Requirement Management
Reusing …

• Over the “software bug”, lessons to learn:
– Know your system’s environment!

• Physical and digital
– Build the right system!

• Ariane 5's inertial reference system is essentially the same as a system 
presently flying on Ariane 4. The part of the software that caused the 
interruption in the inertial system computers is used before launch to align interruption in the inertial system computers is used before launch to align 
the inertial reference system and, in Ariane 4, also to enable a rapid 
realignment of the system in case of a late hold in the countdown. This 
realignment function, which does not serve any purpose on Ariane 5, was 
nevertheless retained for commonality reasons and allowed, as in Ariane 4, 
to operate for approx. 40 seconds after lift-off.

– Common Cause Failure example: 
• Identical redundant back-up systems. Same cause, same results
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Requirement Management
Reusing …

• Over the software bug, lessons to learn:
– Know your system’s environment!
– Safety critical systems imply safety design, processes and evaluations

• @design time:
– No protection of the inertial reference system used for Ariane 4 and 

Ariane 5 against excessive value of the variable related to the 
horizontal velocity.horizontal velocity.

– No impact analysis performed on these variables
• @Review time: 

– Limitations of the alignment software were not fully analysed 
– Possible implications of spurious actions during flight were not realised.

• @System Validation time: 
– No inclusion of the entire inertial reference system in the overall system 

simulations performed. 
– Use of the simulated output of the inertial reference system, not the 

system itself
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Requirement Management
Reusing …

• Over the software bug, lessons to learn:
– Know your system’s environment!

• Physical and digital
– Systems Engineering for safety critical systems
– Designing the right system is almost as important as building the system right in 

safety critical systems! 
• Requires code certification, tests, variable protections, but also• Requires code certification, tests, variable protections, but also
• Requires REDUNDANCY and DIVERSITY and INDEPENDENCE, but also
• Requires Impact Analysis, Risk Management, … Requirements Engineering

– Importance of traceability (forward and backward)!
– Requirements traceability refers to the ability to describe and follow the life of a 

requirement, in both forwards and backwards direction (i.e. from its origins, 
through its development and specification, to its subsequent deployment and 
use, and through all periods of on-going refinement and iteration in any of these 
phases.) (Gotel & Finklestein 1994)

• Forward: environment � requirements � System � tests
• Backward: System � requirements � specified operation conditions
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Requirement Management

• Necessary to cope with changes to requirements
• Requirements change is caused by:

– Business process changes
– Technology changes
– Better understanding of the problem

• Traceability is very important for effective requirements management• Traceability is very important for effective requirements management

Design 
document

....due to 
requirement 1.2

Requirements 
document

1.1 XXXX 
.... because 
1.2 YYYY

rationale

Elicitation 
notes Goals
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REQUIREMENTS ENGINEERING IN THE 
DEVELOPMENT LIFECYCLE
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Requirements Engineering in a development lifecycle

• Whatever the case, RE activities remain
– cycles, steps are just different more or less shorter or longer

• Examples:
– Sequential models: Waterfall, V model
– Rapid Prototyping
– Phased Models: Incremental, Evolutionary– Phased Models: Incremental, Evolutionary
– Iterative Models: Spiral
– Agile Models: eXtreme Programming
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Requirements Engineering in a development lifecycle
In a waterfall process

• Waterfall lifecycle model
• View of development:

– a process of stepwise refinement
– largely a high level management view

• Problems:
– Static view of requirements - ignores 

volatilityvolatility
– Lack of user involvement once specification 

is written
– Unrealistic separation of specification from 

design
– Doesn’t accommodate prototyping, reuse, 

etc.
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Requirements Engineering in a development lifecycle
In a V-cycle

• V-lifecycle Model
• Always used in complex industrial 

system projects
– Organization and traceability
– Go / no-Go steps
– Fits well to big projects with 

lots of stakeholderslots of stakeholders
• Problems:

– Static view of requirements -
ignores volatility

– Lack of user involvement from 
different domains

– Doesn’t accommodate 
prototyping, reuse, etc.
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Requirements Engineering in a development lifecycle
In a prototyping process

• Prototyping lifecycle

• Prototyping is used for:
– Understanding the requirements for the user interface
– Examining feasibility of a proposed design approach
– Exploring system performance issues

• Problems:
– Users treat the prototype as the solution
– A prototype is only a partial specification (contractual problem)
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Requirements Engineering in a development lifecycle
In an incremental phased lifecycle process

• Phased Lifecycle Model – Incremental Development

• Fits to well defined and separated requirements
– Important work of requirements specification and organization

• Must agree on what feature to be implemented and what to be delayed
– Requirements prioritization

• Problems
• Static view of requirements - ignores volatility
• Requirements intertwining
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Requirements Engineering in a development lifecycle
In an evolutionary development process

• Phased Lifecycle Model – Evolutionary Development

• Dynamic and flexible view of requirements

• Problems:
– Partial requirements specifications
– Requirements integration and intertwining not detected early 
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SUMMARY AND WHAT NEXT?
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Summary

• Key terms about RE
– Is problem oriented and NOT solution oriented

• Is about building the right product and not building it right (Software 
Engineering)

– Is about both the system and its environment
• Is hard
• Is crucial• Is crucial
• Needs social engineering and domain knowledge alignment

– Requirements are of different nature, abstractions, concerns
• Functional, non-functional, users, business, application domain, goals, etc. 

– Is everywhere in a lifecycle!
• You shall not escape!

– Is a set of Activities (Elicitation, Specification, Analysis, Validation, Management)
• And concerns: elicitating, writing, modeling, tracing, managing variability and 

changes, etc.  
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What Next?

• What next?
– RE activities in details

• (2) Requirements Elicitation
• (2) Specifying Good Requirements
• (3) Modeling Requirements
• (3) Requirements Validation and Verification
• (4) Requirements Management• (4) Requirements Management
• (4) Requirements Traceability
• (4) Requirements Variability and Software Product Lines
• (5) Test
• (5) Requirements Management in Practice with Polarion
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