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e Need Requirements!?

® Gathering and understanding requirements make

Drrojects more predictable

® Bad requirements historically account for most of the
rework done later In the project

® Reducing the number of defects caused by poor
requirements can yield a / to | return on investment

doug murray february 9, 2017 dols e o ting
system architect



VvVay Do VVe INeed Requirements!

Management Approved Engineering Designed

Manufacturing Built Service Installed Customer VWanted



® [he product should provide only what Is required of It,

NO More and no less

VVaYy Are Requirements So Important?

IMost Project VVork Is Best
Driven By Requirements

® Architecture and Design come directly from requirements

o All system-level tests relate c

rectly to requirements

é doug murray consultin



VVAY Are Requirements So Important!

® (Customer Acceptance lests,

’roduct Validation and System

veritication are all based on meeting requirements

environment intended to develop large medi
® Smaller projects or those for an unregula
benefit from many of these ideas

[EC

Cd

® [his presentation deals with a more intensive, rigorous

devices
industry will still

Good Management Practices, Good Engineering Practices

doug murray february 9, 2017
system architect
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Derinrtions

Some Basics for Our Purposes

Project the management of people, materia
and procedures to produce a product

Product something our business or Instrtution
needs to produce

System the technical part of the product that
we will design, build and test

Ihey tach Have Requirements

doug murray february 9, 2017 dols e o ting
system architect
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lypes of Requirements

Lets consider two broad categories of
Requirements for the Product and the System

Functional ¢ VWhat the System will do

Non-Functional ¢ How well the System does 1t

~ormal requirements are expressed with the word “shall”

doug murray february 9, 2017 dews ey consuiilis
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=Xan pﬂ oG

Functional ¢ The automobile shall provide a
mechanism to stop the motion of

the venicle

Non-Functional ¢ The automobile shall be capable of
coming to a complete stop In less
than three seconds when moving
at a speed of 100 km/h

doug murray february 9, 2017 dews ey consuiilis
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=Xan pﬂ oG

* [he System shall provide a seli-
destruct mechanism

Functior

Non-Functional ¢ [he self-destruct mechanism shall
provide a delay of three seconds
between the time of its activation
and the time the system self-

destructs

february 9, 2017 é doug murray consultin




—Xamples

he System shall start the process
of producing electrons when the
“Beam On" button Is pressed

Non-Functional ¢ [he System shall provide a visual
indication that the "Beam On"
button has been pressed within
200 milliseconds of the button

being pressed

february 9, 2017 é doug murray consultin
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Common PFitre

® Anyone Wno has experience with or exposure to a
ecnnology tends to see requirements In
terms of that technology

~-f v
certe

® [t IS common to place constraints on a solution for
Inconsistent reasons

doug murray february 9, 2017
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Common S

Requirements need to specity what Is required, not how it
snould be implementec
he trend analysis system shall have a user

1ntertace running on Windows Vista using a
standard Dell desktop computer

Backwards compatibility with existing systems should be
treated as Design Constraints, not testable requirements

doug murray february 9, 2017 dews ey consuiilis
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Common Firtralls

Requirements should be able to stand on their own,
Independent of the context In which they appear

That software shall have an operating mode that
complies with the followling requirements

doug murray february 9, 2017
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[

Common Firtralls

'he System must be the subject
L o

of the requirement, not the user

The User shall be able to view beam
diagnostics from a portable computer

Vv The System shall provide beam
diagnhostics viewling software for use
on a portable computer

doug murray february 9, 2017 dews ey consuiilis
system architect
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Examples

ihe User Interface shall be easy to use

‘he REQ shall produce 3.5 MeV protons

The beam pipe flange 1n the research area
shall have a kapton window capable of

supporting a pressure gradient of 4x103 Pa

doug murray february 9, 2017 dews ey consuiilis
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—

—Xamples

)¢ Ihe User Interface shall be easy to use

v

doug murray february 9, 2017
m architect

The System shall be considered easy to
use by at least 4 out of 5 trained dental
assistants

20



syste

Examples

fhe data access software shall support
JSON ¢ he data exchange format for web
aCCcess

The clinical couch shall be able to
support extremely obese patients

doug murray february 9, 2017
m architect
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VVOrds and FNrases

Among otnhers and so on

any as well as

efficient etc.

not limrted to optimal

rapid Same as

simple state of the art
user-friendly Various

doug murray february 9, 2017
system architect

to Avold

and / or
easy
improved
or
several

sufficient

,@ doug murra y consu [ting
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VVords and Phrases to Avold

acceptable
and /- or.
mproved
optimum
rapia

safe
simple
timely

doug murray february 9, 2017
system architect

ddeqguate
any

easy.
normal
or
reasonable
same as

state of the art
typical

among others  and so on

appropriate as well as
efficient etc.

not [Imited to optimal
DOSSIDle Droper
reliable "obust
secure several
sufficient surtable
user-friendly various

é doug murray consulting
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Reguirement?

e; [t must be communicated in a formal way.
Vleasurable; [t must be testable to ensure it has been Implementea

® Feasible; It must be possible for someone to Implement

doug murray february 9, 2017
system architect
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t Makes a Good Requirement?

_onsistency.

Requirements must not conflict with any other requirements at any level

Inconsistencies between them must be resolved before development can proceed

doug murray february 9, 2017
system architect
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S a Good Reguirement!

t Make

Controlled

Requirements must be uniguely identified for the lifetime of the project

A history of changes made to each requirement should be maintained

Requirements are more usable and maintainable when related ones are kept together

doug murray february 9, 2017
system architect
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VVihat Makes a Good Requirement?

I'here are several characteristics of good rec

lraceable
Unambiguous
Verifiable
Prioritized
Correct
Focused

Necessary

doug murray february 9, 2017
system architect

direments

29



D~ rarmaoan-tc
Requirements
ol Good Requirement

Correct

lecessary

-ocused
Verifiable
raceable

: Good Requirements Wil
| Exhibit These Characteristics

Unambiguous

Prioritizec

doug murray february 9, 2017
system architect
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’equ em'rs
ol Good Requl ot

S

Correct | [he best way to ensure correctness Is to
Necessary nave experts review the requirement

=~ocusea
Verifiable
raceaple

UnamDBbiguous

Prioritized

doug murray february 9, 2017
system architect




‘4 ~ 1~
@ HHECEL

INECESSc L%

=ocused
Verifiable
rlasriolls

UnamDBbiguous

Prioritized
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Reduce gold-p

find the source

d enst

e requirement really required! Determine where the
it came from ar

re It was from a source of authority.

ating”

oy repeatedly asking Why until you
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Colagciel
INECESSArY |
~OCUSEC . A requirement should ac
Voraoe | asingle, testable neec

raceable ,
Break compound requirements

Nto separate statements

UnamDBbiguous

Prioritized

doug murray february 9, 2017
system architect
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O
INEEESS
~ocusea
Verifiable

raceaple

UnamDBbiguous

Prioritized

doug murray february 9, 2017
system architect

Each requirement has to be testable

VVe neec
been met

to know If the rec

direment has

34



€SSdry
OCUSEC
Veritiable
lraceable

UnamDBbiguous

Prioritizea

doug murray february 9, 2017
system architect

Each rec

uirement r

eeds a reference to

ts source.

Also, the tests which verity that a requirement has
been met and the designs to iImplement the

reC

direment neec

to reference that rec

direment

35



Verifiable
raceable

Unambiguous

Prioritized

doug murray february 9, 2017
system architect

sSomeone reading the requirement must be able to

draw only one cor

clusion from It.

Different stakeholc
interpretation

ers must arrive at the same
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SELLEEEL

INECESSArY

~OCUSEd

Veritiable

raceaple

UnamDBbiguous

Prioritizec

doug murray february 9, 2017

system architect

Each requirement should b

DIIOrTLY; IC

eql

ave an indication of

y with only a -

ew (3) levels

,@ doug murra y consu [ting
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Links (references, c

equirements shall provide a way to reference a
source, such as a higher-level (product) requiremen

ependencies) ca

design elements,

doug murray february 9, 2017
system architect

‘est cases and ot

s a Good Reqguirement!

|raceable

more general
= or a Use Case

N be made to requirements from

ner artifacts coming later in t

development process

é doug murra y consu lting
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SYS

t Makes a Good Requirement?
Prioritized

Critical, high-priority requirements are visible and can be met within
olven cost and schedule constraints

Lower priority requirements can be postponed It necessary.

doug murray february 9, 2017 dews ey consuiilis
tem architect
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Requirements

need to Include Attributes

Iraceability, Priority and most qualities imply that one
or more attributes are saved with each Requirement

VVe need to keep this information with each
Requirement for all stakeholders to see

sSome attributes are not really optional

doug murray february 9, 2017 dols e o ting
system architect
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Requirements

need to Include Attributes

¢ Requirement lext
nique 1D

® Requirement lype
® Summary Phrase

® Rationale (justification)
® Originator

doug murray february 9, 2017
system architect

o it Criterion
® Priority

o CUsS
o CUs

‘omer Satisfaction Index

‘omer Dissatisfaction Inc

® History
® Conflicts

CX



Customer Satistaction

Tas cegres of.

|
Not Interestea

doug murray february 9, 2017
system architect

ccessfu

biness If this

reqL

mplementec

ren

N t

cnt Nds

e p

~rOduct

>
Very Pleased

é doug murra y consu lting
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Cust

Measure of unhappiness It this requirement
S missing from the final product

S 4 3 2 |

very

Displeased Not Important

doug murray february 9, 2017 é doug murray consulting

system architect
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I'he Customer pective

Requirement has not been addressed Requirement has been implemented

| 2 3 4 s
Very Displeased Very Pleased

Not Important Not Interestea

doug murray february 9, 2017 doug murray consulting 44
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INoOn-Functional Requirements

Qualities of Good Requirements
and the attributes assoclated with them
are used for both Functional
and Non-runctional Reguirements




INOR-Functional Requirements

lon-Functional Requirements address the
qualities that the System must possess,
essentially describing how well the System
will perform its Functional Requirements




NoR-runctional Requirements

lon-Functional Requirements are critical to
the success of the product

Not just performance, but usability and the
product's look and feel

47



Non-runctional Requirements

ACCESS AcCcessIbIlity Adaptabillity

Appearance Capacity Fase of Use
NSIDIlty -ault lolerance ntegrity

\/ | D

Internationalization _earning (Iraining) _ongevity
Maintainability Personalization recision or Accuracy
Privacy. Productization Release

Reliability and Availability  Robustness Satety-Critical
Scalabilrty Security Speed and Latency
Style Supportability Understandabllity

doug murray february 9, 2017 dols e o ting
system architect
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“roject
Product

System

Requirements
VVhere do they come from?

requirements come from cost, schedule
and “performance’ goals

requirements come from marketing
research and customer needs

requirements are derived from product
and project requirements

,@ doug murray consulting
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D)

Product [he

°roject [he Super
$300,000 a

S

MDIES

patients weighing 380 |bs

quirements

Duper C 1 product will sell for
Nd accommodate larger patients

DC T product can image

System The System shall provide a patient imaging table

capa
welg

9,

A

e of supporting pa

lents In a supine position

ing 380 pounds or

€SS
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D A R -~
Requirements
from general to specific needs

Project requirements are few In number
and address business or team goals

,’_ t

Product requirements are written for the

Product customer with terms they understand

System requirements are written for

System engineers designs and tests

Large systems might have subsystems

Subsystem needing more technical detall

doug murray february 9, 2017 dews ey consuiilis
system architect

53



doug murray february 9, 2017
system architect

vvaere Do Requirements Come From!

ypically from Marketing - “the Voice of the Customer’

® rOmM Previous personal experience

-rom Interactive workshops with experts

-rom direct observa

lon In a daily work setting

-rom Insight, Interpo

ation, understanding, abstraction

54



vviaere Do Requiremen

doug murray february 9, 2017
system architect

1

Come From!

Use Case Analysis

® Brainstorming

® Customer Feedback and Specific Requests

® Corrective and Preventative Action Reports (CAPA)
o Competitive Reviews

55



equirements come from
ness strategy, market research
and the voice of the customer”

|

doug murray february 9, 2017 o iy consulin »
system architect & Y g
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|

equirements come from
ness strategy, market research
and the voice of the customer”

e | ower-level Requirements can be

L

nderstand specr

based on customer input only It they

Ic technologies or

S

vecifications tha:

their business

doug murray february 9, 2017
system architect

L are Important to

é doug murray consulting
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® [ower-level Requirements come

rom technical experts, based on the

Product or Customer high-level

requirements

® [hese experts will translate informal
requirements INto formal ones that
are unambiguous and testable, ana
able to be realized by way of a
bulldable system

doug murray february 9, 2017 doug murray consulting 58
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vvihere Do Requirements
Come From!¢

anagement will suggest that once In
Dlace, requirements need never change

...weve dlready built this,
why look for new requirements
for something we already
understand?”

VVhy re-invent the wheel!

doug murray february 9, 2017
system architect

lo Improve! VWe want
steel-belted radial tires
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How Do VWe Gather Requirements?

ACLO!
Use Case

Persona

Scenario

doug murray february 9, 2017
system architect

TIrst Steps, gather t ne most general ones

v Identity the stakeholders of the product, the roles they play

v Discover the actions the system must perform for them

v' Think of specific iIndividuals in each of those roles

v Consider how the system operates as those individuals work

60



Radiotherapist

Use Case Posrtion patient on treatment table

Persona Jenniter; 32 year old female Oncologist, working in R role this day

SCeNario She brings an obese patient In a wheelchalir to the couch, lowers it
to its lowest point. She decides to request help from Jim, her
associate to transfer the patient to the couch.

doug murray february 9, 2017 dols e o ting
system architect



=How Do Ve Gather Requirements?

Use Case | ePSrorms Actor

a story describing an individual having the
one aspect of skills or experience of

Scenario |« | Persona !

doug murray february 9, 2017
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er Requirements?

Actor ne types of users involved with the Use Case

Use (Case Describes activities the product needs to perform

Persona Specific but fictitious individuals involved with the scenario’s story

Scenario Detalled account of how that individual makes use of the system,
told as a story using natural language

doug murray february 9, 2017
system architect




Use Case

doug murray february 9, 2017
system architect

Requirements exist
ayed by people t
affected by it. T
from It, or patie

TO

Requirements?

satisfy all stakeholders. |dentify the roles

A good set of Use Cases helps ensu

requ

dl"C

rements. VVit

to find beca

\/

hou

t Use Cases, t

se 1

nat will interact directly with the System, or be
nat could include managers expecting reports
Nts expecting treatment from It

e that we're not missing any

ne missing requirements are

Ney have No source or basis In necessity

é doug murra y consu lting
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How: Do VVve Gather Reqguirements?

Requirements s

Would be traceable back to the

Use Cases anc

Non-Functional Requirements

doug murray february 9, 2017
system architect

Scenarios that inspired them

-unctional Requirements are often gleaned from Actors and Use Cases

are often gleaned from Personas and Scenarios
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Do VWe Organize!

Architecture, Design or

only a few functional requiremen

doug murray february 9, 2017
system architect

tional Requirements are usually determined first, but
requirements gathering Is an rterative process

Developmen

. work can start when

'S are understood

Seware - Requirements and the development work that they
trigger can change, especially at the project’s start!

é doug murray consulting
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Organizing Requirer

o/

° Requu ents will ultimately be recorc
cIr attributes In a reposrtory

nelps engineers, testers, quality assurance ex

other stakeholders ¢

doug murray february 9, 2017
system architect

o their work

SIAIS

ed and stored

® Requirements should be organized In a way that

Derts anc
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Organizing Requirements

® |Vlodern software tools will senerate documents

requirement

® |[hese tools can also provide stakenholders
custom views of the requirements

doug murray february 9, 2017 dols e o ting
system architect

(artifacts) based on the repository content

=

o [hey will also provide version control for each

with

/0
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ng Requirement £
=d

Requirements m) il

Repcsitory Document Control ‘ \

View for

l
|
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‘s

“ngineering View for

Service
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Organizing Reguirements

SOME F Wﬁu-* need to maintain other requirements-related information
which 1S not specific to any single requirement

® Project Drivers ® Project Issues

® Project Constraints ® Design Constraints

By keeping addrtional sections In the repository, more complete and
useful documents can be generated

doug murray february 9, 2017
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-

unctional

JOr
’roject Constraints
Design Constraints

Project Drivers

Project Issues

doug murray february 9, 2017
system architect

| These categories ensure the

| requirements are grouped logically

| so engineers can easily find them
and documents are easily maintainead

é doug murray consulting

/3



@rganizing Requirements

— e

UNCLIOr

Non-Functional
’roject Constraints
Design Constraints

Project Drivers
Project Issues

doug murray february 9, 2017
system architect

They also make it easier to

| develop complete architectures
and designs, development plans,
c00d test plans and protocols.

All but the Tirst two are optional.

é doug murray consulting
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Oreanizin

\ )

Functional | The fundamen
Non Functiona | the product. [hey describe wr

nas

™

rolect @onstraints

pesign Constraints

Project rivers

Project ISsues

doug murray february 9, 2017
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.

S Requll

(@)

LO C

cMENTS

at the proc

al, essential subject matter of

UCt

O Or the processing ac

1oNs It Mus

- take
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FURctional

lon-rFunctional

™

rolect @onstraints

pesign Constraints

Project rivers

Project ISsues

doug murray february 9, 2017
system architect

Ihe properties that the functions must have,
ollity or securrty.

such as performance, usa
[T hese are often referrec
product.

TO as C

ualities of the
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INOR=EUNCI

ional
ect Constraints

'o

Design Constraints
Project Drivers
Project Issues

doug murray february 9, 2017
system architect

ng h\wu MENTS

I hese remaining categories don't
provide true requirements, but can be
used to better communicate those
things that affect the requirements

é doug murra y consu lting
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FURctional
INOR-Eunctional
rolect Constraints

™

pesign Constraints

Project Drivers

Project ISsues

doug murray february 9, 2017
system architect

| hese are restrictions on the produc

the budget or time avallable to builc

© such as

t, market

assumptions, naming conventions anc

More
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FUpetonal |
Non=Functional |

Prolect Constraints

Design Constraints i [hese are technical constraints upon the

Sroject Drivers design, often from legacy Issues; use a 4-20 mA

Sroject Issues | signal, using | TL level logic or being backwards
| compatible with an existing APl

doug murray february 9, 2017 dols e o ting
system architect
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FURCUONAl
INOR=EURctional
Prolect @onstraints

pesign Constraints
Project Drivers

Project Issues

doug murray february 9, 2017
system architect

Requirements

[ he business relatec

forces ¢

riving the

project forward. Irade shows, market

changes, sup

dlier schec

U

€S
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FURctional
NOW- = A1 aille ﬂa|
Prolect @onstraints

—es.gn Constralns ['he business related forces holding the

| project back, or impacting Its success. Project
Project Issues | risks, postponed requirements, upgrade paths

Project rivers

doug murray february 9, 2017 dols e o ting
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Organizing Requirements

Kee

easl

-functional rec
often than Functiona

D

c

g themnr

uireme

At the Systerr evel or lower, Func
are kept separate from Non-

Nts wil

ones C

~to mal

uring -

DIro

‘he ¢

lonal Requirements
unctional ones

bably change more

separate can make documents

Ntain and tests easier to repeat
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—low Do Vve Organize!

“roject
Product

System

requirements are informal and often
communicated through a concept document

Or customer requirements are a bit more specific,
communicated through a requirements document

requirements are qurte formal and require thorough
review, especially In regulated environments

,@ doug murray consulting
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rroject Moael

Requirements play a crucial role in the “V*™ process

Product Requirements Validation lesting

System Requirements Verification lesting

Architecture Integration lesting

Design Unit Testing

Development

doug murray february 9, 2017

system architect
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e

|m,|.= Requirements

)

System Requirements

Architecture

\

Design
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=

Validation lesting

/

Verification lesting

/

Integration lesting

/

Unit Testing

\

Development
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| A PR e
TLF:.&_@JDUMWLF}/
lests and possibly some Design Elements will Reference Requirements

'ﬁﬂlilﬂ < cqulf cMments

System Réquwements Ver

Architectu re\ Integration lesting

Design Unit Testing

Development

doug murray february 9, 2017

system architect



lraceaoillity
s and possibly some Design Elements
will Reference Requirements

|m,|,= Requirements

System Réquwements Ver

Architectu re\ Integration lesting

Design Unit Testing

Development

doug murray february 9, 2017 g7
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&V

e Veritication tells us that we've bullt the system right

e \alidation tells us the we've bullt the right system

doug murray february 9, 2017
system architect
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Organizing Requirements

L.
(@D (@D

A Product Requirements Document
Describes the Intended Use of the Product

A System Requirements Specification describes what
the System will do and how well it will do 1t

~or larger systems, subordinate Requirements Documents describe
enough detall to build a testable subsystem

doug murray february 9, 2017 dols e o ting
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Requirements

roduct Requirements Document
Describes what we will Validate

A System Requirements Specification indicates
VVhat to lest In the Verification Process

Subordinate Requirements Documents describe
VVhat must be lested to Enable Verification

,@ doug murra y consu [ting
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Organizing Requirements

e At some point In time, requirements are reviewed
and a ‘baseline” established

* Requirements will still change or be addec

° Alter the baseline has been set, changes will affect
the projects schedule and cost

- Each change must be reviewed and the impact
considerec
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Organizing requirements

® A Complete end-to-end Requirements Specification Is
c Ing task, especially for complex or large systems

1 o
a daun

® Requirements Specification must be a team effort

None of us Is as smart as all of us
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