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Purpose

The purpose of the Requirements Working Group (RWG) is
to advance the practices, education, and theory of needs
and requirements development and management and the
relationship of needs and requirements to other systems
engineering functions.

Goal

Expand and promote the body of knowledge of needs and
requirements and its benefits within the systems
engineering community

Scope

Activities relating to best practices for needs and
requirements development and management throughout
the product lifecycle including:

Elicitation Analysis Allocation
Traceability

Elaboration Management Change
Management

Expression Verification Validation
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RWG is About...

Understanding how to improve the practice
of systems engineering through excellence
in needs and requirements development
and management across the lifecycle

Learning from experiences and sharing with
the SE community

Questioning approaches that yield poor
outcomes

Publishing guidance and continuing
research into requirements development
and management, including the
understanding of Needs, Requirements,
Verification, and Validation approaches
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RWG Leadership Ty

Chair: Tami Katz; Ball Aerospace, USA

Co-Chair: Lou Wheatcraft; Wheatland Consulting, USA
Co-Chair: Mike Ryan; Capability Associates Pty Ltd, AU
Co-Chair: Raymond Wolfgang; Sandia National Lab, USA

INCOSE Connect address:

https://connect.incose.org/WorkingGroups/Requirements/Pages/Home.aspx

Number of Members: 400, one of INCOSE's largest WG

The RWG is comprised of members from industry and academia with a common
purpose of improving the practice of systems engineering through improvement of
Needs and Requirements development and management across the system lifecycle.
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Verification and Validation in Context

Valiclation

System Validation
“Did we build the
right thing?”

Post Development
Validation
DESign “Do we still have the

right system?”

Design Validation

“Do we have the
right design?”
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/ “Are we building the
right thing?”

“Are we building the
right thing?”
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https://www.dropbox.com/s/eqb6k9uOfiigp4eq/Validation%20%26%20Verification%20in%20context%20Fiqure%20042922.pdf?dI=0
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https://www.dropbox.com/s/eq6k9u0fiiqp4eg/Validation%20%26%20Verification%20in%20context%20Figure%20042922.pdf?dl=0
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« The RWG has been working on new products and supporting
development of other INCOSE publications

INCOSE RWG Whitepaper:
Integrated Data as a Foundation of

Systems Engineering

I.NCO§E Systems SEBok
Engineering Handbook
RWG Inputs y RWG Inputs 4

Needs and Requirements Manual
V1.1 Update

| | ! |

Guide to Guide to Guide to
Needs and Verification and Writing

Requirements Validation Requirements
New New V 3.1 Updates RWG Inputs

Other Domain
Specific Guides



Needs and

Requirements
Manual (NRM) V1.1

V1.0 Needs, Requirements,
Verification, Validation
Lifecycle Manual (NRVVLM)
released Jan 2022

May 2022

—

v,
. ’
— i~

Needs and Requirements Manual
Needs, Requirements, Verification, Validation Across the Lifecycle




RWG Guides

All our new and updated products have been submitted to TechOps for Release
7



?2.3 C3 <« Unambiguous

Nat
ST

Nead stmements must be written such that the stakeholder intent Is clsar. Raquirsment
staterments must be stated such that the requiremant can be inerpreted in ondy one way Ly &l the
InMended Mehomm

A neod or raqmrmnt ssabemom must lend nse" wa slnole lmmmm ol menl An
agreemant is dfficull to snact unless both parties are clear on the exact obligation. Ambiguity
leads %o multiple interpratations such that the stakehotder expactabons may not be met.

The intenl of a need or requirement must be understood n the same way by the writer, the
sesigner, and those deing verfication and validation aciivities across the lifecycle following the
‘reasonable person” guideline. Ambigutty leads to interpretations of a need or requrament not
Infended by the author keading to problems such schedule ships, budget overuns, or a fallure of
the SOI to pass system valicabon and not be accepted for 25 intended wuse; which could resi# in
Iitigation and financial oss.

An ambiguous peed is nol correct nor able to be validated. An ambiguous requirament is not
Verifiabie (C7) nor Corract (C8).

-

way. For needs, ask whathar, it can be valldated, | e, whather it is slatad In such away that
evidance can ba obtainad that tha stakahoidar nead has bean met based on the wording of tha
naed statement without having to intarprat the stakeholdar intent or make assumptions of that
indent.

For a requiremoent ask whather the requiroment ts varifiablo, Lo, whether # is siatod in such a
way that evidenca can be obtained that the requirement has been met bassd on the wording of
the requirement without hawving to interpret the maaning or make assumptions as to the meaning

The poseibility of ambiguity ie reducad by addressing these guestions and appisng the rdeas in
this Guade.

Additionally, # Is usaful for the panties (stakeholders) who gre. nvelves in the implementation of
the naads and rasulting requirements or systam venfication and systam valldation to te Involved
In the devalopment, raview, and tasaline of the needs and rasulting requirements. Whnen thay
see naeds or requirements that are ambiguous and thar intant not claar, thay can Identdy the
issue and suggest an siternate, unambiguous wording of the nead or requirement statameant. As
& mirenum, 1 is recommended that the nead or requirement owner(s) take the developmeant team
and thosa Involved in system verification and system vakdation on a walkthrough of the nead or
requirement sat 1o ensure that needs and requirements are understood, Indhvidualy and as a set.
As discussad in Saction 1.8, this activity is refemrac to as nead or design Input requirement
validation

Due to the limitations of language, it may prove difficult 1o completaly remove sl ambiguity. In
this casa the use of the atribute, A1- Rationale, to ndude contextual informaton to bettar
understand the reason, and source of the requirement may provide additional insight of the intent,
helping o reduce ambiguity. This may include supporting nformation or commentary on how the
requirement was formed,

When text only makes It dificult to communicate the ntant of comglex reguirement. the
of a dlagram may help remove the ambiguily. See R23.

Ambiguty of ndividual need and requireme
M\cabmanﬁdosqnvwﬂcatmam»s ks ussodnthoNRMandGiW

When writing & need or raquirement statament, ask whather It could be intarpratad more than one R17 - INopATBigui/Oblque

RE - [Acouracynilts

R7 - (Accuracy/AyvoldyYeaua Tams

RS - iAccuracyMoEscapeCiausas,

RA - IAccuracyNoQpacEnded

R10 - IConcision/Superfluousiafinmees
R11 - IConcisionSeparataCiausas
R12 - INapAmhiguty/ CommeGrammar
R13 - /NopAmbiguity/ CorecSpaling.
RM fmmmmmm

R1B - [Singulerity!Single Santencs
R19 - ISingularitylAvpidCombinalors
R2Z - ISingularitErumaration
R23 - (Singularity'Contaxt

'R24 . ICompleteness/AvidPranauns,
R28 - (Conditiors! Exploit isis

RAZ - Quantfars/Universats

R33 - (Tolerance/y susRangs.
nsa IQuantficationMeasuradio

321 s c«:mmmbon 3212 Powowaom 32 1 B Fumd Bmdmgkgmn
4.4.3 . Get Stakeholder Agreement. 4.8.3.1 - Managing Unknowns; 4.8 - Basalne and Manage
Lilecydle Concepts and Neads Dafinition Outputs; 5,1.2 - Parform Neads Verification: 5.2.2 -

Perform Neads Vaidaton; 6.2.1.5 - Managing Unknowns; 6.3 - Basalne and Manage Design
Inpul Reguirements; 7.1.2 — Parform Dasign Input Requireaments Venication, 7.2.2 — Perform
R2EN Irvut Requirements Valkdation; 8,1 — Design Definklon Process O«omw u 2-Es

Guide to
Writing
Requirements



Rules to
Characteristics
ross Reference

Matrix

Characteristis for
Indivdual needs and requirements

Characterisits for
Sets of needs requirements

Quality Focus

Rule

Subject

Accuracy

R1

Structured, complete sentence

R2

Use active voice

R3

Use appropriate subject verb

R4

Define terms

R5

Use definite article "the" vs "a

R6

Use appropriate units

R7

Avoid vague terms

R8

Avoid escape clauses

R9

Avoid open-ended clauses

Concision

R10

Avoid superfluous infinitives

R11

Use a separate clause

Non-ambiguity

R12

Use correct grammar

R13

Use correct spelling

XX | XX X|[X[>x]|X|X]|x<|x|[>x]|>x<

R14

Use correct punctuation

R15

Logical expressions

R16

Avoid the use of “not.”

R17

Avoid the oblique ("/") symbol

Singularity

R18

Use sngle thought sentence

X[ x| x<|x
x

R19

Avoid combinators

XX XX XXX X[X|X|X[X]|X|X|X]|X|X|X]|X

R20

Avoid phrases of purpose or reason

R21

Avoid parentheses & brackets

R22

Enumerate sets explicitly

x

Supporting diagram or model

XXX X|X|Xx

Completeness

R24

Avoid pronouns & indefinite pronouns

R25

Avoid relying on headings

Realism

R26

Avoid using unachievable absolutes

Conditions

R27

State applicability conditions explicitly|

R28

Single condition for a specific action

Uniqueness

R29

Classifyi by type or category

R30

Express once and only once

Abstraction

R31

Avoid stating a solution

Quantifiers

R32

Use “each” for universal
quantification

Tolerance

R33

Define quantities with a range of
values

Quantification

R34

Specific measurable performance
targets

R35

Define temporal dependencies
explicitly

Uniformity of
Language

R36

Use terms & units of measure
consistently

>

x

R37

Use a consistent set of acronyms

R38

Avoid the use of abbreviations

R39

Use a project-wide style guide

Modularity

R40

Group related needs & requirements

X | X|X|Xx

X | X|X|x

R41

Conform to a defined structure or

template

x

X | X|X|[x<|x|[ X<
X | XX




NRM Concepts
and Activities to
Characteristics

Cross Reference
Matrix (1

v A -

Characteristis for

Indivdual needs and requirements

Sets of needs requirements

Characterisits for ‘Q\

NRM Concepts and Activities

SECTION 3: INFORMATION-BASED NEEDS AND
REQUIREMENT DEVELOPMENT AND MANAGEMENT

3.2.11

Communication

3.21.2

Power of Expression

3.21.3

Managing Sets of Needs And Requirements

3.2.1.5

Attributes

3.2.1.6

Formal, Binding Agreement

X|X|X|x<

3.21.7

System Verification and System Validation

3.2.21

Analysis from Which Needs and Requirements
ae Derived

3.2.2.2

Completeness

3.2.2.3

Consistency

3.2.24

Identity and Manage Interdependencies

3.2.2.5

Support Simulations

3.2.2.6

Key to Understanding

XX |X|X|Xx<| X
XXX X|X]| X |X|X

SECTION 4: LIFECYCLE CONCEPTS AND NEEDS

DEFINITION

4.3.3

Identify External and Internal Stakeholders

4.3.6.2

Technology Maturity

4.3.7.1

Classes of Risk - Development Risk

4.4.3

Get Stakeholder Agreement

444

Completeness

4.5

Lifecycle Concepts Analysis and Maturation

4.5.1

Feasibility

4.5.3

User of Diagrams and Models for Analysis

4.5.4

Levels of Detail and Abstraction

4.5.71

Model Development, Analysis, and Maturation

4574

Zeroing in on a Feasible Architecture and
Design

4.6.2.3

Organizing the Integrated Set of Needs

4.6.3.1

Managing Unknowns

4.6.3.2

Appropriate to Level

4.6.3.3

Completeness of the Integrated Set of Needs

4.6.3.4

Needs Feasibility and Risk

4.7

Plan for System Validation

4.8

Baseline & Manage Lifecycle Concepts & Needs
Definition Outputs

SECTION 5: NEEDS VERIFICATION AND NEEDS

VALIDATION

5.1.2

Perform Needs Verification

5.2

Needs Validation

>

5.2.2

Perform Needs Validation




NRM Concepts
and Activities to
Characteristics

Cross Reference
Matrix (2

Characteristis for

Indivdual needs and requirements

Characterisits for ﬂ
‘a‘
Sets of needs requlrements
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NRM Concepts and Activities Cl|C2|[C3|C4|C5|[C6 |C7|C8 | C9]JCil0|Cl1|C12|C13|Cil4
SECTION 6: DESIGN INPUT REQUIREMENTS DEFINITION
6.2 Perform Design Input Requirements Definition X X X X X X X X X
6.2.1 Trans.formmg Needs into Design Input X X X
Requirements
6.2.1.1 |Organizing Sets of Design Input Requirements X X X
6.2.1.2 |Considerations For Each Type Of Requirement X X X X
6.2.1.4 |Appropriate to Level X
6.2.1.5 |Managing Unknowns X X X X X
6.2.2 |Establish Traceability X X X
Establishing Traceability Between Dependent
6.2.2.1 ; X
Peer Requirements
6.2.3.6 |Interface Requirements Audit X X X X X X X
6.2.5 [Plan for System Verification X
6.2.6.2 |Completeness, Correctness, and Consistency X X X
6.2.6.3 |Requirements Feasibility and Risk X X X X
6.3 Baselllne and Manage Design Input X X X X X X X X X
Requirements
6.4.3 [Allocation — Flow Down of Requirements X X
6.4.4 Defining Child Requirements that Meet the Intent X
- of the Allocated Parents
6.45 Budgetlng of !Derformance, Resource, and X X
Quality Requirements
647 Use (?f Traceability and Allocation to Manage X X X X X
Requirements
SECTION 7: DESIGN INPUT REQUIREMENTS
VERIFICATION & VALIDATION
7.1.2 |Perform Design Input Requirements Verification | X X X X X X X X
7.2 Design Input Requirements Validation X
7.2.2 |Perform Design Input Requirements Validation X X X X X X X X X X
SECTION 8: DESIGN VERIFICATION AND DESIGN
VALIDATION
8.1 Design Definition Process Overview X X X X X X X X X X
8.2 Early System Verification and System Validation X X X X X X X X X X
8.4 Design Verification X X X X X X
8.5 Design Validation X X X X X
SECTION 14: NEEDS, REQUIREMENTS,
VERIFICATION, & VALIDATION MANAGEMENT
14.2.1 Base!lne Needs, Requirements, and X X X X X X X X X X
Specifications
14.2.4 [Managing Unknowns X X X X X X
1427 Comt_nne Allocation and Traceability to Manage X X X X
Requirements
14.2.8 [Managing Interfaces X X X
1429 Ma.nag.lng System Verification and System X X
Validation




- INCOSE Guide to Writing Requirements V3.1 — Summary Sheet
INCQSE

A3

System Validation Needs and Requirements
Diawe buld the
aht thing? are the common threads

that tie all lifecycle activities

Design Validation
D6 we have the

Design ,H Design .
Inputs Ramts Validation R " Outputs and artifacts together.
v are we buding he When  formulating  the
rght ting?” needs and requirements it
is important to understand
Design Input Design Output g lransformation | gy ctem of the ’,JO|e of needs and
ifecycl i ificati i ithi
e Ropiements | b g oicren Interest requirements  within  the
efinition Defi A efinition A Imegrati context of verification and
Design Production B validatiqr]. Once the.needs
5 Verification erification g are verified and validated,
3 VE;‘V corecth?” all subsequent artifacts are
% : h
eright” I validated against the needs
pm— and once the resulting
ol L - design input requirements
" Architecture & Design Organizational g -
inton | porfcaton o Design Verification : Veiection are verified and validated,
. \re the requirements inition “Did we design it lizati “Did we build it T
Requirements | wrien comecty e |l S | Ry all _sfgtasequent_ arttlfactlsh are
et .1 T 2 R yerfied, poganst  ihose

When defining needs and requirements, it is important that they have the characteristics of well-formed needs and
requirements. These characteristics are a result of following the rules defined in the Guide to Writing Requirements (GtWR)
as well as performing the activities associated with the definition of the needs and requirements as discussed in the Needs
and Requirements Manual (NRM) and Guide to Needs and Requirements (GtNR). The underlying analysis from which a need
or requirement was derived is as important as how well the need or requirement statement is formed.

Definitions

An entity is a single item to which a concept, need, or requirement applies: an organization, business unit, project, supplier,
service, procedure, SOI (system, subsystem, system element), product, process, or stakeholder class (user, operator, tester,
maintainer, etc.).

A concept is a textual or graphic representation that concisely expresses how an entity can fulfill the problem, threat, or
opportunity it was defined to address within specified constraints with acceptable risk that provides a business capability in terms
of people, process, and products.

A set of lifecycle concepts includes multiple concepts across the lifecycle of how the organization (and stakeholders within an
organization) expect to manage, acquire, define, develop, build/code, integrate, verify, validate, transition, install, operate,
support, maintain, and retire an entity.

The update includes these
matrices

A need statement is the result of a formal transformation of one or more lifecycle concepts into an agreed-to expectation for an
entity to perform some function or possess some quality within specified constraints with acceptable risk.

A requirement statement is the result of a formal transformation of one or more needs or parent requirements into an agreed-
to obligation for an entity to perform some function or possess some quality within specified constraints with acceptable risk.

Formal Transformation. Given the need and requirement is a | Agreed-to  Obligation. Since the need and
result of a formal transformation, the following characteristics of a | requirement is to be a part of a fair agreement to meet
well-formed need or requirement have been derived: an obligation, the following characteristics of a need or

e C1 - Necessary: The need or requirement statement defines an
essential capability, characteristic, constraint, or quality factor
needed to satisfy a lifecycle concept, need, source, or parent
requirement.

C2 - Appropriate: The specific intent and amount of detail of the
need or requirement statement is appropriate to the level (the
level of abstraction, organization, or system architecture) of the
entity to which it refers.

C5 - Singular: The stakeholder need or requirement statement
should state a single capability, characteristic, constraint, or
quality factor.

C8 - Correct: The need statement must be an accurate
representation of the lifecycle concept or source from which it
was transformed. The requirement statement must be an
accurate representation of the need, source, or parent
requirement from which it was transformed.

C9 - Conforming: Individual needs and requirements should
conform to an approved standard pattern and style guide or
standard for writing and managing needs and requirements.

requirement have been derived.

e C3 - Unambiguous: Need statements must be written
such that the stakeholder intent is clear. Requirement
statements must be stated such that the requirement
can be interpreted in only one way by all the intended
stakeholders.

e C4 - Complete: The requirement statement
sufficiently describes the necessary capability,
characteristic, constraint, or quality factor to meet the
need, source, or parent requirement from which it was
transformed without needing other information to
understand the requirement.

C6 - Feasible: The need or requirement can be

realized within entity constraints (for example: cost,

schedule, technical, legal, ethical, safety) with
acceptable risk.

C7 - Verifiable: The requirement statement is

structured and worded such that its realization can be

verified to the approving authority’s satisfaction..

Characteristics of well-formed needs and requirements.

https://www.dropbox.com/s/4vr7u3yz5f4kezz/INCOSE_RWG_Guide_to_Writing_Require

INCOSE-TP-2010-006-03.1 | April 2022 1

Requirements Working Group

ments%20v3.1%20Summary%20Sheet%20041822%206%20pg.pdf?dI=0
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https://www.dropbox.com/s/4vr7u3yz5f4kezz/INCOSE_RWG_Guide_to_Writing_Requirements%20v3.1%20Summary%20Sheet%20041822%206%20pg.pdf?dl=0

INCOSE RWG YouTube Channel

The INCOSE RWG chairs have
created a YouTube channel to post
recordings of meetings and
presentations to the broader
community.

This is available to everyone that
would like to catch up on events and
learn more about the RWG efforts
and products.

This is also available to non-INCOSE
members as a method to attract
interest in potentially joining INCOSE
and the RWG and share good
options to all that engage in needs
and requirements efforts.

bwu Skeret Q L B @ (9

@ INCOSE RWG Sk 4
A0

wOME VIDEOS PLAYLISTS CHANMELY
. —

i = T g\ —— ok - N =
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NAVV Acorase Heoyole MW

RWG Exonange Cate 120827 RWE Exchange Cale 100637 SWE Sestonge Cafo 090221 Crelenges Necos,
2 dr AT o 4 Qequiraments, Varfoaon . NG £E Confvescs .

J

RWG Mewtog 11-57-21 - MNeed he'lp mth
g MESE 10 Deechop e Reguierments Inlanmmalion. Begurernaats Defuion en. Owerview of Jame.

Cxabovpen uf Neecs & NG Meretiag 420-71 RWE Meetiag 31521 Cosl

Optrnization b Regebesen..

https://www.youtube.com/channel/UCadgYa
gKWDckenP2SU8-cPwi/playlists
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https://www.youtube.com/channel/UCadgYaqKWDckenP2SU8-cPw/playlists

RWG Events (i ialy

« RWG engages the INCOSE community
through regular events around the topic
of Needs and Requirements

— Guest speakers on Requirements
Topics
— RWG Exchange Cafés

« RWG members contribute ideas
towards topics discussed and are
encouraged to share their experiences
and questions with the broad working
group community.

14



Past Events 2022: ~:f‘gﬁs,

P
January 25 & 26, 2022 IW2022 pre-event sessions. vy’

Recordings: https://www.youtube.com/playlist?list=PLV{Z7HbxxzBXTd8vieYUbHU-RCYTSfbcS
January 30, 2022 IW2022 hybrid event.
Recording: https://youtu.be/lslsO8AJAIM

February 23, 2022 - RWG Exchange Cafe.
Recording: https://youtu.be/HZ02|R-zDFY

March 24, 2022 - Using Model-Based Systems Engineering Techniques to support Requirements
Generation for the Design of New Generation Armored Combat Vehicle Systems (Mark Eggler)
Slides: Presentation-INCOSE-MBSE in Combat Vehicle Design-1hr-Mar 22-v1.0.pdf

Recording: https://youtu.be/bMtoDvsKB84

April 27, 2022 - RWG Exchange Cafe.
Slides: RWG Exchange Cafe 042722.pdf
Recording: https://youtu.be/Ei8 1HLUXXAE

May 25, 2022 - Demonstrating SE Value Using Traceability Measurement
Slides: INCOSE RWG Jama Software Measurement May 2022.pdf
Recording: https://youtu.be/GSpQdachXZU

15


https://www.youtube.com/playlist?list=PLVfZ7HbxxzBXTd8vieYUbHU-RCYTSfbcS
https://youtu.be/lsIs08AjA9M
https://youtu.be/HZo2jR-zDFY
https://youtu.be/bMtoDvsKB84
https://youtu.be/Ei81HLUxxAE
https://youtu.be/GSpQdachXZU

AT gy
Schedule of upcoming Events *C’fi'&

June 25 — 30: 152022 - We are holding an RWG Session at 152022 for
Tuesday, June 28 in the afternoon 1:30-2:55 pm EST.

July 20: Presentation by Beth Wilson on Systems of Systems (SoS)
challenges.

August 24, 3 pm: RWG Exchange Café — Beth Wilson lead on SoS vs the
NRM, GtNR, GtVV

September 28: RWG Exchange Café — General discission focusing on
interfaces

October 26: Presentation by Beth Wilson — System Security Challenges

November 16: RWG Exchange Café — Beth Wilson lead on System
Security vs NRM, GiNR, GtVV

December 14: Presentation by Henrik Mattfolk — “Configuration
Management Across the Digital Thread”

January 2023: IW 2023 RWG prevent sessions - TBD
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Biography

Lou Wheatcraft is a senior consultant and managing member of Wheatland Consulting, LLC.

Lou is an expert in systems engineering with a focus on needs and requirements development,
management, verification, & validation. Lou provides consulting and mentoring services to clients
on the importance of well-formed needs & requirements helping them implement needs &
requirement development and management processes, reviewing and providing comments on
their needs and requirements, and helping clients write well-formed needs & requirements.

Lou has over 50 years’ experience in systems engineering, including 22 years in the
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