Chapter 4 — Requirements Engineering

Some of the slides are taken from: Prof. Gregor V. Bochmann’s Software Requirements
Analysis Course https://www.site.uottawa.ca/~bochmann/SEG3101/
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Topics covered

<> Introduction to requirements analysis
<> Functional and non-functional requirements

< Requirements engineering processes
< IEEE 830 — 1998 SRS

4/1/2019 2



Requirements engineering

<> The process of establishing the services that a customer
requires from a system and the constraints under which
it operates and is developed.

< The system requirements are the descriptions of the
system services and constraints that are generated
during the requirements engineering process.
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What is a requirement?

< It may range from a high-level abstract statement of a
service or of a system constraint to a detailed
mathematical functional specification.

<> Requirements may serve a dual function

= May be the basis for a bid for a contract.
= May be the basis for the contract itself.
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Types of requirement

< User requirements

= Statements in natural language plus diagrams of the services the
system provides and its operational constraints.

= Written for customers.
< System requirements

= A structured document setting out detailed descriptions of the
system’s functions, services and operational constraints.

= Defines what should be implemented so may be part of a
contract between client and contractor.
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Mentcare

< Mentcare is a medical information system that maintains
information about patients suffering from mental health
problems and the treatments that they have received.

< It makes use of a centralized database of patient
information but has also been designed to run on a PC.

< It may be accessed and used from sites that do not have
secure network connectivity.

< When the local systems have secure network access,
they use patient information in the database but they can
download and use local copies of patient records when
they are disconnected.
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Mentcare goals

<> To generate management information that allows health
service managers to assess performance against local
and government targets.

< To provide medical staff with timely information to
support the treatment of patients.
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The organization of the Mentcare system
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User and system requirements
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User requirements definition

1. The Mentcare system shall generate monthly management reports
showing the cost of drugs prescribed by each clinic during that month.

System requirements specification

1.1 On the last working day of each month, a summary of the drugs
prescribed, their cost and the prescribing clinics shall be generated.

1.2 The system shall generate the report for printing after 17.30 on the
last working day of the month.

1.3 A report shall be created for each clinic and shall list the individual
drug names, the total number of prescriptions, the number of doses
prescribed and the total cost of the prescribed drugs.

1.4 If drugs are available in different dose units (e.g. 10mg, 20mg, etc)
separate reports shall be created for each dose unit.

1.5 Access to drug cost reports shall be restricted to authorized users as
listed on a management access control list.




Readers of different types of requirements

specification

User
requirements

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

System
requirements
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System end-users
Client engineers
System architects
Software developers
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User requirements vs. System requirements

Software Engineering

User Requirements

System Requirements

Written for customers .
Statements in natural language.
Describe the services that system

provides and its operational
constraints.

May include diagrams or tables.

Should describe functional and non-
functional requirements.

Should be understandable by

system users who don't have
detailed technical knowledge.

Statements that set out detailed
descriptions of the system’s

functions, services and operational
constraints.

Defines what should be

implemented so may be part of a
contract between client and
contractor.

Intended to be a basis for
designing the system.

Can be illustrated using system
models.
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System stakeholders

< Any person or organization who is affected by the
system in some way and so who has a legitimate interest

< Stakeholder types

= End users

= System managers

= System owners

= External stakeholders
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Stakeholders in the Mentcare system

< Patients whose information is recorded in the system.

< Doctors who are responsible for assessing and treating
patients.

<> Nurses who coordinate the consultations with doctors
and administer some treatments.

< Medical receptionists who manage patients’
appointments.

< IT staff who are responsible for installing and maintaining
the system.
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Stakeholders in the Mentcare system

<> A medical ethics manager

= Ensure that the system meets current ethical guidelines for
patient care.

< Health care managers
= (Obtain management information from the system.
< Medical records staff

= Responsible for ensuring that system information can be
maintained and preserved, and that record keeping procedures
have been properly implemented.
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Functional and non-functional requirements
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Functional and non-functional requirements

<> Functional requirements

= Statements of services the system should provide, how the system should
react to particular inputs and how the system should behave in particular
situations.

= May state what the system should not do.

< Non-functional requirements

= Constraints on the services or functions offered by the system such as
timing constraints, constraints on the development process, standards, etc.

= Often apply to the system as a whole rather than individual features or
services.

<> Domain requirements

= Domain reflects the environment in which the system operates so.
= Constraints on the system from the domain of operation.
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Functional requirements

< Describe functionality or system services.

<> 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.

< Functional system requirements should describe the
system services in detalil.
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Mentcare system: examples of functional
requirements

<> A user shall be able to search the appointments lists for
all clinics.

<> The system shall generate each day, for each clinic, a
list of patients who are expected to attend appointments
that day.

< Each staff member using the system shall be uniquely
identified by his or her 8-digit employee number.
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Non-functional requirements

<> These define system properties and constraints e.g.
reliability, response time and storage requirements.
Constraints are 1/O device capability, system
representations, etc.

<> Process requirements may also be specified mandating
a particular IDE, programming language or development
method.

< Non-functional requirements may be more critical than
functional requirements. If these are not met, the system
may be useless.
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Types of nonfunctional requirement

Non-functional
requirements

Product
requirements

Organizational
requirements

External
requirements

Efficiency
requirements

Dependability
requirements

Security
requirements

Regulatory
requirements

Ethical
requirements

Usability
requirements

A
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Software Engineering

Environmental
requirements

Operational
requirements

Development
requirements

Legislative
requirements

Performance
requirements

Space
requirements
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Accounting
requirements

Safety/security
requirements
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Non-functional classifications

<> Product requirements

= Requirements which specify that the delivered product must
behave in a particular way e.g. execution speed, reliability, etc.

< Organisational requirements

» Requirements which are a consequence of organisational
policies and procedures e.g. process standards used,
implementation requirements, etc.

< External requirements

» Requirements which arise from factors which are external to the
system and its development process e.g. interoperability
requirements, legislative requirements, etc.
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Examples of nonfunctional requirements in the @&
Mentcare system LIRS |

SoftWare Engineering

Product requirement

The Mentcare system shall be available to all clinics during normal
working hours (Mon—Fri, 0830-17.30). Downtime within normal
working hours shall not exceed five seconds in any one day.

Organizational requirement
Users of the Mentcare system shall authenticate themselves using
their health authority identity card.

External requirement
The system shall implement patient privacy provisions as set out in
HStan-03-2006-priv.
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Usability requirements

<> The system should be easy to use by medical staff and
should be organized in such a way that user errors are
minimized. (Goal)

< Medical staff shall be able to use all the system functions
after four hours of training. After this training, the
average number of errors made by experienced users
shall not exceed two per hour of system use. (Testable
non-functional requirement)
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Metrics for specifying nonfunctional

requirements

s |\ e
Software Engineering

Speed

Size

Ease of use

Reliability

Robustness

Portability
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Processed transactions/second
User/event response time
Screen refresh time

Mbytes
Number of ROM chips

Training time
Number of help frames

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

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

Percentage of target dependent statements
Number of target systems
24



Requirements engineering processes
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Requirements engineering processes

<> The processes used for RE vary widely depending on
the application domain, the people involved and the
organisation developing the requirements.

<> However, there are a number of generic activities
common to all processes

= Requirements elicitation;

= Requirements analysis;

= Requirements validation;

= Requirements management.

< In practice, RE is an iterative activity in which these
processes are interleaved.
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A spiral view of the requirements engineering

process

Requirements
elicitation
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specification

System requirements
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modeling

User requirements
specification

Business requirements
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tart Feasibility
System study
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requirements .
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Requirements
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Requirements elicitation
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Requirements elicitation and analysis

< Sometimes called requirements elicitation or
requirements discovery.

<> Involves technical staff working with customers to find
out about the application domain, the services that the
system should provide and the system’s operational
constraints.

< May involve end-users, managers, engineers involved in
maintenance, domain experts, trade unions, etc. These
are called stakeholders.
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Requirements discovery

< The process of gathering information about the required
and existing systems and distilling the user and system
requirements from this information.

< Interaction is with system stakeholders from managers to
external regulators.

< Systems normally have a range of stakeholders.
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Interviewing

<> Formal or informal interviews with stakeholders are part
of most RE processes.

< Types of interview

» Closed interviews based on pre-determined list of questions
= Open interviews where various issues are explored with
stakeholders.

< Effective interviewing

= Be open-minded, avoid pre-conceived ideas about the
requirements and are willing to listen to stakeholders.

= Prompt the interviewee to get discussions going using a
springboard question, a requirements proposal, or by working
together on a prototype system.
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Interviews in practice

< Normally a mix of closed and open-ended interviewing.

< Interviews are good for getting an overall understanding
of what stakeholders do and how they might interact with
the system.

< Interviewers need to be open-minded without pre-
conceived ideas of what the system should do

<> You need to prompt the user to talk about the system by
suggesting requirements rather than simply asking them
what they want.
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Problems with interviews

<> Application specialists may use language to describe
their work that isn’t easy for the requirements engineer to

understand.

< Interviews are not good for understanding domain
requirements
» Requirements engineers cannot understand specific domain
terminology;

= Some domain knowledge is so familiar that people find it hard to
articulate or think that it isn’t worth articulating.
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Stories and scenarios

<> Scenarios and user stories are real-life examples of how
a system can be used.

< Stories and scenarios are a description of how a system
may be used for a particular task.

<> Because they are based on a practical situation,
stakeholders can relate to them and can comment on
their situation with respect to the story.
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Scenarios

<> A structured form of user story

< Scenarios should include

4/1/2019

A description of the starting situation;

A description of the normal flow of events;

A description of what can go wrong;

Information about other concurrent activities;

A description of the state when the scenario finishes.
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Example Scenario

< Scenario: ATM banking for the week.

4/1/2019

Sally Jones places her bank card into the ATM.

Sally successfully logs into the ATM using her personal
identification number.

Sally deposits her weekly paycheck of $350 into her savings
account.

Sally pays her phone bill of $75, her electric bill of $145, her
cable bill of $55, and her water bill of $85 from her savings
account.

Sally attempts to withdraw $100 from her savings account for the
weekend but discovers that she has insufficient funds.

Sally withdraws $40 and gets her card back.
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Requirements specification
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Requirements specification

< The process of writing down the user and system
requirements in a requirements document.

< User requirements have to be understandable by end-
users and customers who do not have a technical
background.

< System requirements are more detailed requirements
and may include more technical information.

< The requirements may be part of a contract for the
system development

= |t is therefore important that these are as complete as possible.
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Ways of writing a system requirements

specification

Natural language

Structured natural
language

Graphical notations

Mathematical
specifications
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The requirements are written using numbered sentences in natural language.
Each sentence should express one requirement.

The requirements are written in natural language on a standard form or
template. Each field provides information about an aspect of the
requirement. (e.g. use case specification)

Graphical models, supplemented by text annotations, are used to define the
functional requirements for the system; UML use case and sequence
diagrams are commonly used.

These notations are based on mathematical concepts such as finite-state
machines or sets. Although these unambiguous specifications can reduce
the ambiguity in a requirements document, most customers don’t understand
a formal specification. They cannot check that it represents what they want
and are reluctant to accept it as a system contract.
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A structured specification of a requirement for
an insulin pump

Jos WA \ N LA
Software Engineering

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.
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A structured specification of a requirement for
an insulin pump

Action

CompDose is zero if the sugar level is stable or falling or if the
level is increasing but the rate of increase is decreasing. If the
level is increasing and the rate of increase is increasing, then
CompDose is computed by dividing the difference between the
current sugar level and the previous level by 4 and rounding the
result. If the result, is rounded to zero then CompDose is set to
the minimum dose that can be delivered.

Requirements

Two previous readings so that the rate of change of sugar level
can be computed.

Pre-condition

The insulin reservoir contains at least the maximum allowed
single dose of insulin.

Post-condition rO is replaced by r1 then r1 is replaced by r2.
Side effects None.
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Use cases

< Use-cases are a kind of scenario that are included in the
UML.

< Use cases identify the actors in an interaction and which
describe the interaction itself.

< A set of use cases should describe all possible
Interactions with the system.

< High-level graphical model supplemented by more
detailed tabular description.

< UML sequence diagrams may be used to add detail to
use-cases by showing the sequence of event processing
In the system.
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Use cases for the Mentcare system

N\
_ o~ Rl NA A s

Software Engineering

Register
patient
View
personal info.

View record

Edit record
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The software requirements document

< The software requirements document is the official
statement of what is required of the system developers.

< Should include both a definition of user requirements
and a specification of the system requirements.

< Itis NOT a design document. As far as possible, it

should set of WHAT the system should do rather than
HOW it should do it.
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Users of a requirements document
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System
customers

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

Managers

Use the requirements
document to plan a bid for
the system and to plan the

system development process.

System
engineers

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

System test
engineers

Use the requirements to
develop validation tests for
the system.

System
maintenance
engineers

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

Software Engineering
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Requirements validation
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Requirements validation

<> Concerned with demonstrating that the requirements
define the system that the customer really wants.

<> Requirements error costs are high so validation is very
important

* Fixing a requirements error after delivery may cost up to 100
times the cost of fixing an implementation error.
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Requirements validation techniques

< Requirements reviews
= Systematic manual analysis of the requirements.

< Prototyping

= Using an executable model of the system to check requirements.

<> Test-case generation
= Developing tests for requirements to check testability.
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Requirements change
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Requirements evolution
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Software Engineering

Initial Changed
understanding understanding
of problem of problem
Initial Changed
requirements requirements
»>
Time

4/1/2019 50



Requirements change management

< Deciding if a requirements change should be accepted

= Problem analysis and change specification

» During this stage, the problem or the change proposal is analyzed
to check that it is valid. This analysis is fed back to the change
requestor who may respond with a more specific requirements
change proposal, or decide to withdraw the request.

» Change analysis and costing

» The effect of the proposed change is assessed using traceability
information and general knowledge of the system requirements.
Once this analysis is completed, a decision is made whether or not
to proceed with the requirements change.

* Change implementation

* The requirements document and, where necessary, the system
design and implementation, are modified. Ideally, the document
should be organized so that changes can be easily implemented.
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Requirements change management
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Problem analysis and
change specification

Change analysis
and costing

Change
implementation

Revised
requirements

>
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* Title
* Table of Contents
* 1. Introduction

-Describe purpose of this SRS
«Descnbe intended audience

* 1.1 Purpose «

«identify the software product
sEnumerate what the system will and will not do
*Describe user classes and benefits for each

1.2 Scope «—

1.4 References 4
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1.5 Overview -
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(may reference appendix)
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* 2. Overall Descriptinﬁh“"x-
* 3. Specific Requirements

| *List all referenced documents including sources
(e.g., Use Case Model and Problem Statement;

in the field)

N

* Appendices

| *Describe the content of the rest of the SRS

* Index

sDescribe how the SRS is organized
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s T, *Present the business case and operational concept of the system
T|tIE-‘ -Describe how the proposed system fits into the business context
«Describe external interfaces: system, user, hardware, software, communication

* Table of Contents |-pescribe t:lunshﬁnta: memory, operational, site adaptation

) 1 ' Intrﬂ'du'ﬂtiﬂrl Ilf"ll *Summarize the major functional capabilities :
* 2. Overall Description / silbludle ts ae GAoe Digra s sugpiing naratv:

(identify actors and use cases)
« 2.1 Product Perspective -
-Describe and justify technical skills

“include Data Flow Diagram if appropriate
« 2.2 Product Functions Tt capahBtiag: of sach tsie cligs

L1 I I "__--__
2.3 User Characteristics T
+ 2.4 Constraints « R e e
« 2.5 Assumptions and Dependencies —— 5

b

* 3. Specific Requirements .

* 4. Appendices
* 5. Index

Describe other constraints that will imit developer's
options; e.q.. regulatory policies; target platform,
database, network software and protocols, development
standards requirements
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* 1. Introduction

* 2. Overall Description

* 3. Specific Requirements <«
« 3.1 External Interfaces

3.2 Functions

3.3 Performance Requirements

3.5 Design Constraints
3.6 Software System Quality Att

3.7 Object Oriented Models

* 4. Appendices
* 5. Index

ERER N ————

Specify software requirements in sufficlent

detail to enable designers to design a system to satisfy
those requirements and testers to verily

requirements

State requirements that are externally perceivable by
users, operators, or externally connected systems

Requirements should include, at a minimum, a
description of every input (stimulus) into the system,

every output (response) from the system, and all
functions performed by the system in response to an

input or in support of an output

3.4 Logical Database Requiremq,; requirements should have characteristics of

high quality requirements

(b) Requirements should be cross-referenced to
their source.

(c} Reguirements should be uniguely identifiable

(d) Requirements should be organized to
maximize readability




* 1. Introduction

* 2. Overall Description

* 3. Specific Requirements
« 3.1 External Interfaces 4

3.2 Functions «—

L

i
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3.5 Design Consfraints <—

« 3.7 Object Oriented Models
w

* 4. Appendices e
* 5. Index
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——

Detail all inputs and cutputs
(complement, not duplicate, information presented in section 2}
sExamples: GUI screens, lile formats

3.4 Logical Database Requirements 4

3.6 Software System Elu:ahty Attnbute& b) Accounting & Auditing procedures

— other diagrams useful for this purpose

snclude detalled specifications of each
___——{use case, including collaboration and

sinclude:

3.3 Performance Requirements 1a} Types of information used

- b) Data entities and their relationships

i «Should include:
~ — —a) Standards compliance

«The main body of requirements organized in a variety of
possible ways:

a) Architecture Specification

1b) Class Diagram

¢) State and Collaboration Diagrams

d) Activity Diagram (concurrent/distributed)
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