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This Lecture

• Act iv i t ies in  RE :
E l ic i tat ion,  spec i f icat ion,  val idat ion,  management

• Stakeholders vs .  Users
• El ic i tat ion :  Recap from T-216-GHOH
• Spec if icat ion :  Spec i f icat ion styles ,  Non-funct ional  

requ irements
• Val idat ion techn iques
• Elements of  Requirements Management



Literature

• [Sommerv i l le ]  Ch .  4



Learning Outcomes
• Contrast  software  eng ineer ing  techn iques  requ i red for  d i f ferent  

types of  software  systems .
• I l l ust rate  the  term stakeho lder  i n  re lat ion  to  d i f ferent  types of  

software  systems .
• Class i fy  d i f ferent  k inds  of  requ i rements  needed in  software  

eng ineer ing .
• Formulate  funct iona l  and qua l i ty  requ i rements  us ing  d i f ferent  

techn iques .
• Summar i se d i f ferent  techn iques  for  performing requ i rements  

va l idat ion .



Why the Vasa Sank



Cerpa & Verner, 2009. “Why did your project fail?”, CACM 52 (12)



Reel, 2002. “Critical success factors in software projects”, IEEE SW 16 (3)



"Programs have now got very large and very critical [..]. There have
been many problems and failures, but these have nearly always been
attributable to inadequate analysis of requirements or inadequate
management control."
- Sir Tony Hoare, 1995



McConnel, Software Project Survival Guide, 1998



Four activities

• El ic i tat ion (D iscover ing Requirements)
• Spec if icat ion (Wr it ing them down)
• Val idat ion (Check ing whether they are appropr iate)
• Management (Keep ing track/evolv ing them)



RE Process Spiral

• Main po int :  I t ' s  i terat ive

Requirements
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Requirements
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[Sommerville]



System vs. User Requirements
• Requirement :  h igh- level  abstract statement to deta i led 

mathemat ica l  funct ional  spec i f icat ion
• Bas is  for a b id  for a contract

• Bas is  for an actual  contract

• Even i f  market-dr iven software
• High- level  requ irements (to d iscuss with stakeholders)

• Deta i led techn ica l  requ irements (towards implementat ion)

• I n  pract ice :  Often acc idental  ( "r ight"  abstract ion is  hard)



Who needs what?

Client managers
System end-users
Client engineers
Contractor managers
System architects

System end-users
Client engineers
System architects
Software developers

User
requirements

System
requirements

[Sommerville]



Stakeholders

• Any person or organ izat ion who is  affected by the 
system in some way

• Not just  the end user (s ) ,  but a large scope
• End users

• System managers

• System owners

• External  stakeholders ( regulators ,  author i t ies )



Functional and non-functional 
requirements
• Funct ional requirements
• What should the system do? (Not how!)

• Non-funct ional requirements ("qual ity requirements")
• Constra ints/"qual it ies" of the system (e.g . ,  

performance, mainta inabi l i ty)

• Diff icult to break down to sub-systems (they affect 
the ent ire system)

• Diff icult to decide l imits



Elicitation



1. Requirements
discovery

2. Requirements
classification and

organization

3. Requirements
prioritization and

negotiation

4. Requirements
specification

[Sommerville]



Techniques

• To a large extent covered in T-216-GHOH
• I nterv iews - not just  p lanlessly ,  but d i f ferent 

strateg ies (structured,  semi-structured)
• Surveys
• Observat ion
• Study ing exist ing systems,  documentat ion,  processes
• Important :  Not just  ask ing stakeholders what they want



Issues

• Stakeholders don’t know what they real ly need
• Domain-specif ic language
• Confl ict ing requirements
• Pol it ics and organisat ional factors
• Requirements and stakeholders change

(cont inuously and unplanned:  Scope creep)



Scenarios

• Real- l i fe examples of  the system in use
• Rat ionales often impl ic i t ly  inc luded (context)
• Often eas ier  to re late to than s ing le requ irements
• But :  Hard to tel l  what is  requ ired and what is  extra
• Sommerv i l le  descr ibes scenar ios as a tool  for el ic i tat ion
• Also a tool  for  spec i f icat ion :  Descr ib ing requ irements 

as scenar ios .



Scenarios

Scenar ios should inc lude
• Start ing s i tuat ion

• Normal event f low

• What can go wrong - except ion f lows

• Other concurrent act iv i t ies

• State when the scenar io f in ishes



Specification



Functional Requirements 
Specification

• "Wr it ing down" requ irements in a document
• Or add ing them to a system (J IRA,  Doors ,  . . . )

• User requ irements :  understandable by end-users and 
customers without techn ica l  background

• System requ irements :  more deta i led ,  may inc lude 
more techn ica l  informat ion



Functional Requirements 
Specification

• Overal l :  What 's  the purpose of  your spec i f icat ion?
• Dr iv ing development

• Contract ing

• Expla in ing to stakeholders

• Documentat ion



Natural language specification

• One requ irement = One natura l  language sentence
• Often supplemented ( id ,  rat ionale ,  pr ior i ty ,  traces,  

dependenc ies)

• Express ive,  intu i t ive and un iversal
• Highly ambiguous



Natural language specification
• I nvent a standard format
• Use cons istent vocabulary
• "shal l "  for  mandatory requ irements

• "should"  for des i rable requ irements

• Avoid jargon
• I nc lude a rat ionale
• Often helps to avo id misunderstand ings !

• Can help to remember why requ irements were added



Examples

3.2 The system shall measure the blood sugar and deliver insulin, if 
required, every 10 minutes. (Changes in blood sugar are relatively 
slow so more frequent measurement is unnecessary; less frequent 
measurement could lead to unnecessarily high sugar levels.)

3.6 The system shall run a self-test routine every minute with the 
conditions to be tested and the associated actions defined in Table 1.
(A self-test routine can discover hardware and software problems 
and alert the user to the fact the normal operation may be 
impossible.)

[Sommerville]



Structured specifications

• Pre-def ined structure (=templates)
• Freedom of wr i ter  is  l im ited 
• Might not work for everyth ing

• Ensures cons istency

• Allows/fac i l i tates automat ion (e .g . ,  generat ing tests)

• Common in cr i t ica l  systems!



User Stories

• Very common/popular  in  Ag i le processes
• Avoid common problems with requ irements
• Who is  the actor?

• What is  the rat ionale (here :  the benef i t )?

• Most common format :  
"As a [Persona] ,  I  want to [act ion] ,  so that [benef it ]"

As a profile owner on Instagram, I want to be able to 
add tags to my pictures, so that they can be found 
easier.

As a driver, I want the car to react to voice 
commands, so that I am not distracted by searching 
the menu.



Form-based specifications

• Natural  language + mandatory/opt ional  f ie lds
• Def in i t ion

• I n/Outputs

• ID

• Pre/Post cond it ions

• Pr ior i ty

• . . .



Structured specification [Sommerville]
Insulin Pump/Control Software/SRS/3.3.2 
Function Compute insulin dose: safe sugar level. 
Description Computes the dose of insulin to be delivered when the 
current measured sugar level is in the safe zone between 3 and 7 units. 

Inputs Current sugar reading (r2); the previous two readings (r0 and r1). 
Source Current sugar reading from sensor. Other readings from memory. 
Outputs CompDose—the dose in insulin to be delivered. 
Destination Main control loop. 



Additional fields

RATIONALE :  I n  order  to  att ract  users  to  new products ,
program re leases ,  d i scounts ,  etc .  
DEPENDENC IES :  Req A,  Req B

Insulin Pump/Control Software/SRS/3.3.2 
Function Compute insulin dose: safe sugar level. 
Description Computes the dose of insulin to be delivered when the 
current measured sugar level is in the safe zone between 3 and 7 units. 

Inputs Current sugar reading (r2); the previous two readings (r0 and r1). 
Source Current sugar reading from sensor. Other readings from memory. 
Outputs CompDose—the dose in insulin to be delivered. 
Destination Main control loop. 

[Sommerville]



Use cases

• A structured k ind of  scenar io
• Central  parts :  The actors involved,  and the 

interact ion between them
• UML has a h igh- level  model  as an overv iew
• Use cases are useful  for  automated generat ion of  

other artefacts



Use cases (Mentcare)

Nurse

Medical receptionist
Manager

Register
patient

View
personal info.

View record

Generate
report

Export
statistics

Doctor
Edit record

Setup
consultation

[Sommerville]



Non-functional/quality requirements

Performance
requirements

Space
requirements

Usability
requirements

Efficiency
requirements

Dependability
requirements

Security
requirements

Regulatory
requirements

Ethical
requirements

Legislative
requirements

Operational
requirements

Development
requirements

Environmental
requirements

Safety/security
requirements

Accounting
requirements

Product
requirements

Organizational
requirements

External
requirements

Non-functional
requirements

[Sommerville]



Metrics Property Measure
Speed Processed transactions/second

User/event response time
Screen refresh time

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

[Sommerville]



T-216-GHOH

• A bad requ irement :
• "The system should be real ly fast"

• Better :
• "The average response t ime should be less than 

500 mi l l i seconds when execut ing a query"

Why 500ms?



Limits

• I n  pract ice ,  dec id ing l im its for qual i ty requ irements is  
real ly hard

• Beware of arb i trary l im its ( i s  500ms the default  value?)
• I t  could be that 500ms costs you 100000$ more than 

600ms



Limits

• I f  you can,  make an informed dec is ion
• E.g . ,  based on l i terature

(500ms is  the threshold where users start  compla in ing?)

• Usage stat ist ics
(e .g . ,  80% of the users leave i f  the appl icat ion does 
not respond in 500ms)

• Typica l  response t imes in o ld systems
(The old system took 1s .  Users found th is  i r r i tat ing . )



PLanguage

Simmons, "Quantifying Quality Requirements Using PLanguage", 2001 



Requirements Specification 
Document

• (Not necessar i ly  standard today)
• But :  Gu idance !

• Example :  IEEE Std 830-1998,
"Recommended Pract ice for
Software Requirements
Spec ificat ions"



Specification Audiences

Use the requirements to
develop validation tests for
the system.

Use the requirements
document to plan a bid for
the system and to plan the
system development process.

Use the requirements to
understand what system is
to be developed.

System test
engineers

Managers

System
engineers

Specify the requirements and
read them to check that they
meet their needs. Customers
specify changes to the
requirements.

System
customers

Use the requirements to
understand the system and
the relationships between its
parts.

System
maintenance

engineers

Use the requirements to
develop validation tests for
the system.

Use the requirements
document to plan a bid for
the system and to plan the
system development process.

Use the requirements to
understand what system is
to be developed.

System test
engineers

Managers

System
engineers

Specify the requirements and
read them to check that they
meet their needs. Customers
specify changes to the
requirements.

System
customers

Use the requirements to
understand the system and
the relationships between its
parts.

System
maintenance

engineers

[Sommerville]



Good Requirements Specifications
• A requ i rements  spec i f i cat ion  shou ld  be
• Correct

• Complete

• Unamb iguous

• Cons i stent

• Ranked for  importance/stab i l i ty

• Mod i f i ab le

• Ver i f i ab le

• Traceab le From: Soren Lauesen: Software Requirements
© Pearson / Addison-Wesley 2002

Achieving most of these is 
practically impossible



Validation



Requirements validation

• Do the requ irements def ine the system that the 
customer needs?

• F ind ing errors ear ly :  large cost sav ings
• Check for :
• Correctness ,  Completeness ,  Free from ambigu ity ,  

Cons istency,  Ranked for importance/stab i l i ty ,  
Mod if iab i l i ty ,  Ver i f iab i l i ty ,  Traceab i l i ty

• Techniques :  Rev iews,  Prototypes,  Checkl ists . . .



Requirements Reviews
• Do regular ly !
• I nc lude stakeholders (not just  eng ineers)
• Different techn iques
• Ad-hoc/ informal :  No spec i f ic  gu idel ines - just  "read"

• Checkl ists :  L ists of  quest ions/ i tems to focus the read ing

• Perspect ive-based read ing :  Read the spec i f icat ion from a 
spec i f ic  perspect ive (ro le )

• N-fold inspect ion :  n d i f ferent groups go through the 
inspect ion process in para l le l



Requirements Checks
• Content check :  a l l  requ ired i tems/sect ions/parts present
• Structure check :  r ight  structure for each requ irement  

(e .g . ,  a l l  requ irements have an ID )
• Cons istency check :  contrad ict ions between requ irements
• CRUD check :  read/wr ite/update/delete of  a l l  ent i t ies



Requirements Tests

• Paper prototypes
• Sketch the system (frontend)  on paper

• Have a user "use" the paper system

• Usab i l i ty test ing
• T-216-GHOH

• Executable prototypes
• Skeleton :  Runs,  but might not have funct ional i ty/qual i ty

• Formal models :  More in the model l ing lectures !



Management



Requirements management

• Manag ing chang ing requ irements (dur ing the l i fe-cycle)
• New requ irements emerge a l l  the t ime
• Keep track of  ind iv idual  requ irements
• Changes in content ,  pr ior i ty ,  dependenc ies ,  . . .

• Mainta in l inks between requ irements (and other artefacts )
• "Traceab i l i ty"  - an ent i re research area

• Many standards/regulat ions requ ire traceab i l i ty from code 
or tests to requ irements !



Elements of Requirements 
Management

• Requirements ident i f icat ion :  I s  each requ irement 
un iquely ident i f ied?

• Change Process :  Where do changes come from? How 
are they reg istered and handled?

• Traceab i l i ty pol icy :  What is  traced to what? Who 
creates/mainta ins traces?

• Tool  support :  What tools are used? With what other 
systems do they interact?



Requirements Change Management

Change
implementation

Change analysis
and costing

Problem analysis and
change specification

Identified
problem

Revised
requirements

[Sommerville]



Discussion Points

• RE is  not only about creat ing a p lan that is  then 
implemented

• For many companies ,  the value is  knowledge management
• Po int  of  reference to understand the system

• Can help introduc ing new staff

• Helps to understand impact of  changes

• Avoids acc idental  changes

• RE matters a lso in ag i le  development !



Questions
• What does the term 'stakeholder '  descr ibe in RE?
• Descr ibe the purpose of requ irements 

e l ic i tat ion/spec i f icat ion/management
• What potent ia l  purposes can a spec i f icat ion serve?
• What makes requ irements e l ic i tat ion d i f f icu lt?
• What a lternat ives exist  to natura l  language spec i f icat ions?
• What makes qual i ty requ irements chal leng ing?
• What is  the a im of requ irements val idat ion?



Next Module

• Processes
• Plan-dr iven processes

(waterfa l l ,  incremental )

• Agi le development

• Scrum

• L iterature :  Ch .  2 ,  3 [Sommerv i l le ]
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Sources
E d u c a t i o n :  D e s i g n e d  b y  F r e e p i k
A s s i g n m e n t  i c o n s :  D e s i g n e d  b y  i b r a n d i f y /  
F r e e p i k

T o d o :  D e s i g n e d  b y  M a k y z z /  F r e e p i k
M e g a p h o n e s :  D e s i g n e d  b y  F r e e p i k


