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I INTRODUCTION TO REQUIREMENTS ENGINEERING

What Is Requirements Engineering?

» It is the branch of software engineering concerned with the real-world
goals for, functions of, and constraints on software systems.

» It is also concerned with the relationship of these factors to precise
specifications of software behavior, and to their evolution over time and

across software families.
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Motivation

» There are four kinds of problems that arise when one fails to do adequate

requirements analysis:

» Top-down design is impossible;
» Testing is impossible;

» The user is frozen out;

» Management is not in control.
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What Are Requirements?

» Requirements can range from high-level, abstract statements to formal

(mathematically rigorous) specifications.
> Why?
» Stakeholders have needs at different levels, hence, depend on different
abstraction representations.

» Stakeholders also have varying abilities to make and read these
representations (for example a business customer versus a design

engineer), leading to diverse quality in the requirements.
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Requirements Versus Goals

» Goals are high-level objectives of a business, organization, or system, but a
requirement specifies how a goal should be accomplished by a proposed

system.
» Treat a goal as a requirement is to invite TROUBLE because
» Achievement of the goal will be difficult to prove.

» Goals evolve as stakeholders change their minds and refine and

operationalize goals into behavioral requirements.
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Requirements Level Classification

» To deal with the diversity in requirements types, they should be organize

into three levels of abstraction:
» User requirements
» System requirements

» Software design specifications
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User Requirements

They are abstract statements written in natural language with

accompanying informal diagrams.

They specify what services (user functionality) the system is expected to

provide and any constraints.

In many situations user stories can play the role of user requirements.

by: Fatima Ben Lashihar

System Requirements

They are detailed descriptions of the services and constraints.

They are sometimes referred to as functional specification or technical

annex.

These requirements are derived from analysis of the user requirements.

They act as a contract between client and contractor, so they should be

structured and precise.

Use cases can play the role of system requirements in many situations.
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Software Design Specifications

» They emerge from the analysis and design documentation used as the basis

for implementation by developers.

» The software requirements specification document (SRS) is the
“contractual” document that we generally refer to when we speak of a

“software” or “system” requirements specification.
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Example - Airline Baggage Handling System

» A user requirement

» The system shall be able to process 20 bags per minute.

» System requirements
» Each bag processed shall trigger a baggage event.
» The system shall be able to handle 20 baggage events per minute.

» System specifications

» 1.2 The system shall be able to process 20 baggage events per minute in
operational mode.

1.2.1 If more than 20 baggage events occur in a one-minute interval,
then the system shall ...

1.2.2 [more exception handling]...
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Requirements Specifications Types

» Functional requirements
» Nonfunctional requirements (NFRs)

» Domain requirement
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Functional Requirements

» They describe the services the system should provide and how the system

will react to its inputs.

» They need to explicitly state certain behaviors that the system should not

do.

» They can be high level and general (in which case they are user
requirements in the sense that was explained previously) or they can be
detailed, expressing inputs, outputs, exceptions, and so on (in which case

they are the system requirements described before).

» There are many forms of representation for functional requirements, from

natural language, visual models, and the more rigorous formal methods.
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Functional Requirements - Example

|.1The system shall handle up to 20 bags per minute.

.4 When the system is in idle mode, the conveyor belt shall not move.

1.8 If the main power fails, the system shall shut down in an orderly fashion
within 5 seconds.

.41 If the conveyor belt motor fails, the system shall shut down the input

feed mechanism within 3 seconds.
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Nonfunctional Requirements

» Nonfunctional requirements (NFRs) are imposed by the environment in

which the system is to operate.

» These kinds of environments include timing constraints, quality properties,

programming languages to be used, and so on.

» Many of these NFRs are beyond the control of the requirements engineer

and customer.

» All of the nonfunctional requirements need to be tracked by the

requirements engineer, typically, using an appropriate software tool.
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Nonfunctional Requirements

» Some NFRs are difficult to define precisely, making them difficult to verify.

» It is easy to confuse goals with NFRs. Remember a goal is a general
intention of a stakeholder,
» for example:
The system should be easy to use by experienced operators
whereas a verifiable NFR is a statement using some objective
measure: Experienced operators shall be able to use the following 18
system features after two hours of hands-on instructor-led training

with an error rate of no greater than 0.5%.
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Nonfunctional Requirements - Example

» Product requirements
Efficiency
0 Performance (e.g., number of bags per minute)

O Space (e.g., physical size of system, amount of memory, power

consumption)

Reliability (e.g., Mean time before failure or Mean time before first

failure)
Portability (e.g., can it be used with other hardware?)

Usability (amount of training required)
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Nonfunctional Requirements - Example

» Organizational requirements

Delivery (e.g., date of delivery, date when fully operational, training
sessions, updates)

Implementation (e.g., full capability in first roll-out or phased
capability)
Standards (if there are industry standards for baggage handling
systems)

» External requirements
Interoperability (e.g., with other equipment, communications

standards)
Ethical (e.g., security clearance for REs, professional certification)
Legislative
O Privacy
y o Esakety by: Fatima Ben Lashihar

Domain Requirements

» Domain requirements are derived from the application domain.
» These types of requirements may consist of:

» New functional requirements

» Constraints on existing functional requirements

» They may specify how particular computations must be performed.
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Domain Requirements - Example

» There are industry standards (we wouldn’t want the new system to under-

perform versus other airlines’ systems).

» There are constraints imposed by existing hardware available (e.g.,

conveyor systems).

» And there may be constraints on performance mandated by collective

bargaining agreements with the baggage handlers union.
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Requirements Engineering Activities

» The requirements engineer is responsible for a number of activities. These

include:

» Requirements Elicitation

» Requirements Analysis

» Requirements Representation/Modeling
» Requirements Verification And Validation

» Requirements Management
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Requirements Elicitation

» It involves uncovering what the customer needs and wants, while some

requirements will be obvious, many requirements will need to be

discovered from the customer through well-defined approaches.

» Requirements engineering also involves discovering who the stakeholders.

» Elicitation also involves determining the nonfunctional requirements, which

are often overlooked.
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Requirements Analysis

» Requirements analysis involves techniques to deal with a number of

problems with requirements in their “raw” form, that is, after they have
been collected from the customers. Problems with raw requirements

include:

» They don’t always make sense.

» They often contradict one another (and not always obviously so).
» They may be inconsistent.

» They may be incomplete.

v

They may be vague or just wrong.

» They may interact and are dependent on each other.
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Requirements Representation and Modeling

» It involves converting the requirements processed raw requirements into
some model (usual natural language, math, and visualizations), proper
representations facilitate communication of requirements and conversion

into a system architecture and design.

» Various techniques are used for requirements representation including:
» Informal (e.g., natural language, sketches, and diagrams)
» Formal

» Semiformal.
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Requirements Validation

» Requirements validation is the process of determining if the specification is

a correct representation of the customers’ needs.
» Validation answers the question “Am | building the right product?”

» Requirements validation involves various semi-formal and formal methods,

text-based tools, visualizations, inspections, and so on
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Requirements Management

» One of the most overlooked aspects of requirements engineering.

» Requirements management involves managing the realities of changing

requirements over time.

» It also involves communicating changes in requirements to those who need

to know.
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The Requirements Engineer Skills
Glallaiall (uaige Gl lga

» What skills should a requirements engineer have?
» the requirements engineer should:
» be organized b
» has experience throughout the (software) engineering lifecycle
Cilbaa syl dsaia 3lis 3553 Jlsha 3 50a 4gal
» has the maturity to know when to be general and when to be specific
laase o Lale ()5S e 4 jyaal raill 430
» be able to stand up to the customer when necessary
55 pall vie Juanll 4a g (B sl o a8 ()5S
» be a good manager 2
» Be a good listener, fair,a good negotiator, multidisciplinary
Glaiadill aiala g g glia Jale cun aaiie
» understand the problem domain AS&all Jlas agd
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The Requirements Engineer Skills (cont’d)

» Be thinking: requirements engineers are structured and logical
Osilata s () saliie Clllaiall gusia ) Sia
» Be sensing: focus on information gathered and do not try to interpret it
LA i Jglad W g Lgran a8 (Al Cllasleall o 385 1) jndiins
» Be judging: seek closure rather than leaving things open

Iagiie el @ 5 e Y MY e Gl (&S
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Requirements Engineering Paradigms
Glallaiall daia =3l

» Another way to understand the nature of requirements engineering is to

look at various models for the role of the requirements engineer:
rilalbial) Goviga 5 Adlide gilai ) dailly & lllaiall dvia daph agdl 5 AT 38 5k
» requirements engineer as software systems engineer
» requirements engineer as subject matter expert
» requirements engineer as architect

» the ignorant requirements engineer
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Requirements Engineer as Software Systems

» It is likely that many requirements engineers are probably former software
systems designers or developers.
Gl Akl () she 5l anan (g cldliall gudige e waadl G5S of Jainall (g
Ol
» The positive point, the requirements engineer can influence downstream
development of models (e.g., the software design).

¢ Jae o) Al il sk o gl Gkl Gatigal (Say ¢ dplag) A

e ppanss

» The danger in this case is that the requirements engineer may begin to
create a design when he should be developing requirements specifications.

ek oy o camg Ladie apana oli) A oy 38 cldlaiall (avige o 2 sl 028 & ladll
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Requirements Engineer as Subject Matter
Expert g sasall 8 aS cllhidl (uiige

» In many cases the customer is looking to the requirements engineer to be
a subject matter expert (SME) for expertise either in helping to understand
the problem domain or in understanding the customers’ own wants and
desires.

el 3l e Jsaall SME (S lllaiall Gudige (A daend) adlaiy ccVall e 538 (4

Aealall agilie 5 edanll Gl ) agh 8 5 ASEA Jlas pgd e 32 lundl)

» Sometimes the requirements engineer isn’t an SME—they are an expert in
requirements engineering. In those cases where the requirements engineer
is not an SME, consider joining forces with an SME.

Lodia B pd 5 - e pamse bed LIk Gadige 058 Y el (ae

Sseall n i b S ¢ g sampaly et LI (etige L 058 Y G YD 3 il

o ra

SME :is a person who has a deep understanding of a particular subject, which can be anythingl. They may have
--gained their-knowledge through-education, experience,or-both -
p 30 by: Fatima Ben Lashihar
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Requirements Engineer as Architect

Home Building

Software/System Building

Architect meets with and interviews
clients. Tours property. Takes notes
and pictures.

Requirements engineer meets with
customers and uses interviews and
other elicitation techniques.

Osoas sdhend) ma il (o lanall Guigall
GaaSldl fsn A jlie O s agre G
osalls

i g £ Skazl) oAl Gllbidl udige
A Ly el 5 eoulad)

Architect makes rough sketches
(shows to clients, receives
feedback).

Requirements engineer makes models
of requirements to show to customers
(for example, prototypes, draft SRS)

A S8 Cile g )l iy (5 Jlana uige
(sl il ¢ oSlaall Ly jay)

allbidl ezl aiay cldbiadl eiga
il ¢ JUdl s o) edlaall la el
(SRS 33sua ¢ AN
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Requirements Engineer as Architect

Home Building

Software/System Building

Architect prepares models with
additional detail (floor plans).

Requirements engineer uses
information determined above to
develop complete SRS

Al Jualdl go ziladll ay (slers Gudige
(G skl lalads)

saaaall Clogleall Glllaiall  udiga  addiuy
ALK SRS sk ) oD

Future models (for example,
construction drawings) are for
contractors’ use.

Future models (for example, software
design documents) are for developers’
use.

Glaguy ¢ Jhall Jne o) il 3l
Lol lasiny L (sl
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Ignorance as Virtue

» The “ignorant” requirements engineer is completely in opposition to the
role of subject matter expert.

£ ssall b el 53 e Lalad i ety "Ualall” Lliall etiga

» The “ignorant” people ask the “dumb” questions, and the experts answer
these questions.

KLMSI\ IRy ‘5.‘9 Osu ;“):\.AM_’ ‘":\:\,\ﬂ\" 413“31\ CJL" "dhléj\"
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Role of the Customer?

» Helping the requirements engineer understand what they need and want
(elicitation and validation)

(Aal) (o (383l 5 JalaiinaYT) 40 g9y 5 43 galing e agd o clillaiall uniga il

» Helping the requirements engineer understand what they don’t want
(elicitation and validation)

(Aall (o (381l 5 JalaiinYT) 4593 30 Y Lo pgd e lllaiall eaiga 3aclus

» Providing domain knowledge when necessary and possible
O&AY‘)BJ}M\ die Jlaalli 48 jadll Hd g

» Alerting the requirements engineer quickly and clearly when they discover
that they or others have made mistakes

eladl | oo 51 38 an ye ol gl (0 503 Ladie & sua g5 Ao pu lillaial) (utige 4y
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Role of the Customer?

» Alerting the requirements engineer quickly when they determine that
changes are necessary (really necessary)

(G &y 5 nm) Ay g i sl G Ladie Ao juay Cilillaiall uiga 4

» Controlling their urges to have more changes

owdll (A agile 5 e b sl

» Sticking to all agreements
ey —aa e\ﬂ‘}“
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Role of the Customer?

» In particular, the customer is responsible for answering the following four
questions, with the requirements engineer’s help, of course:

saelinay ¢ U Ay )Y ALY e LAY e Vs dreall 055 ¢ pagadllang o
bl ¢ clllaiall Guaiga
» Is the system that | want feasible?
£ 0an sl £ AUl Ja
» If so, how much will it cost?
Sl oS ¢ SIS Y S 13
» How long will it take to build?
£l (3 jaiassus 5l (30 oS
» What is the plan for building and delivering the system to me?
S plaill b oLy 8 Adadl) oo L

I:> The requirements engineer must manage customers’ expectations.
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» Traditional requirements engineering approaches suffer from a number of

Problems with Traditional Requirements
Englneerlng A\ \\‘Q\“ <l \Uau\“ PITRRTY Ljﬁ JSL.M

problems, include:

e ¢ JSLEAl) (e 2o (e Apulal) lllial) Aunia galie lad

Natural language problems (e.g., Ambiguity, imprecision)
(38 e 5 (im paid) (Jia) Halall sl (KL
Domain understanding
Jaall ag
Dealing with complexity
2l e Jalall
Incompleteness (missing functionality)
(325880 willa 5) JW) axe
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Over-completeness
JLasY) b Ll i)
Overextension
el 4 L) jay)
Inconsistency
@l a2
Incorrectness
s
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Problems with Traditional Requirements
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