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Introduction

Supplements and elaborates on the INCOSE SE HB

— Provides more detailed guidance on the what, how, and why concerning needs and
requirement definition and management, verification, and validation across the lifecycle.

— Addresses ambiguity and inconsistencies in ontology concerning needs and
requirements definition and management, verification, and validation.

Presents systems engineering lifecycle concepts from the perspective of needs,
requirements, verification, and validation (NRVV) definition and management across the
system lifecycle.

To successfully complete system verification and system validation, the needs and
requirements of the system as well as the system verification and system validation artifacts
must be managed throughout the entire system lifecycle.

This Manual provides practical guidance on the activities required to achieve those
outcomes.

“Needs, Requirements, Verification, and Validation are common threads
that tie all lifecycle activities and processes together.” Lou Wheatcraft
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Levels of Lifecycle Concepts, Needs, & Requirements (=

!I . |y ,‘,‘I\
O e Concept of Operations . ' - ,#/
. nterprise
Level View (Coans) or Strategic ﬁ Strategies
Business Plan (SBP) Business
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. Stakeholder Preliminary Lifecycle Concepts: - :
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Level View i ﬁ Acquisition, Deployment, Mission Needs Mission Requirements
expectations Lifecyc! . A
le§ e& Operations, Support, Retirement Needs_ Requirements
/CIZ?I }:‘f:finn ' Analysis ‘ Analysis ‘
ontons A Sikenolder ey
Level View real-zv?_rld h Acquisition, Deployment, ﬁ Operations ﬁ Opefat/ons
éxpectations Lifecycle Operations, Support, Retirement A,ys:‘le;jssis Needs Re%;; ‘7;2;-;”1‘5 Requirements
Analysis &
Maturation ‘
System - System Lifecycle Concepts: /
Level View real-world L E— Development, Production, System }\
expectations r Acquisition, Deployment, — Needs :
Lifecycle Operations, Support, Retirement geh Requirements
Analysis & Analysis Analysis
Maturation ‘ ‘
Subsystem Stakeholder Subsystlem Lifecycle((j:oncepts: / F O C u S
. real-world Development, Production,
Level View expectations h / Acquisition, Deployment, ﬁ Sult\alsys;em h RSub;ystemt f h .
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System Element Lifecycle /
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Level View SPOTETOTS h IProductlon, Acquisition, ﬁ Element h .
Lifecycle | Deployment, Operations, Support, Need Needs Require Requirements
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Levels and Lifecycle Concept Needs Requirements
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S es are Intended to be Practiced Concurrently i, f i" ‘\
. . e
R&D/Life-cycle ConceptAnaIyS|s8fMaturatlon ) Operations, | | Concurrent def|n|t|0n, anaIySIS,

Needs Analysis & Definition Sustaining Engineering ,&

% Functional & Physical Architecture Maturation Disposal and matu ratlon appl Ied Ite ra“vely

Behavioral Model Maturation P e e Ui ]

e EEET and recursively as we move down
[ System Verification & System Validation Planning the Ieft Slde Of the SE Vee

[ System Validation

System ration J

Acceptance, Qualification,

Problem/ Integrated Set o Validates against
Certification, System Operational PRODUCT/

Opportunit System Needs

Evaluation and Validation

N Faster and cheaper than classical
waterfall/serial, document-centric

, . v .
'7»%/} % 3 : 6, ./) Verifies against ‘9{"&((;‘.000 RseahZed . h . I
Q equirements o stem
0%, a M 7 ¥ processes with silos
»
Q,%/@Q% \ \ /
e
o, @O;G S‘,'\'Ibsy;t%m Verifies & Validates against Realized
2,7, eeds
oeoo ‘a, Requirements Subsystems
%.
%, 7

System Element

\’L e Aids in establishing correctness,
S [ - mosconioea completeness, and consistency, of

Design Output Specmcatlons,
Build, Buy, Code, Reuse

s,
. O, \ /
oo ; L

Analysis (includes models,

simulations, similarity) a” SE artlfacts

Design Inputs I Design Outputs

Adapted from Ryan, M. J.; Wheatcraft, L.S., “On the Use of the Terms Verification and Validation”, February 2017 and INCOSE SE HB, Version 4, Figures 4.15 & 4.19



The System Engineering “Vee” Revisited

R&D/Life-cycle Concept Analysis & Maturation ]
Needs Analysis & Definition |

Operations,
Sustaining Engineering ,&

[ Functional & Physical Architecture Maturation Disposal
Behavioral Model Maturation PR EE e Ui ]
[ Requirements Analysis &Definition [ System Verification ]

[ Design and Design Verification & Validation ]

[ System Verification & System Validation Planning

)

Integrated Set of Acceptance, Qualification,
System Needs Certification, System Operational | PRODUCT
Evaluation and Validation

N

Q\

S

(,;,0'&5&‘
&0 AN
5 x& \\’b
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%5, 0. % ERY ealize
%, 46@ Requirements 2 S ,Q\d&‘ System
“ Ve &
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o eeds
90%0@” Requirements Subsystems
7
0, s
O»&é’o? ) \ /
2 )
Y, f%.s Systlt\elgweglsegﬁent Verifies & Realized
Sx. % ? ifalidates System Elements
(}0,) % HEE|ITRmEE aai Verification Methods:
® gainst
2 \ / Test
%, - Demonstration
. Design, e . Inspection/Observation
— DeSégr)IdOugputgp;uf};catwns, Analysis (includes models,
uild, Buy, Code, Reuse . -
i/ simulations, similarity)
Design Inputs I Design Outputs

System Integration should not

be thought of as only occurring
on the right side of the SE Vee
during IV&V

The integrated SOl must be
managed from the beginning of
the project across all lifecycle
stages

The customer/supplier relationship
must allow management of the
Integrated SOI

Adapted from Ryan, M. J.; Wheatcraft, L.S., “On the Use of the Terms Verification and Validation”, February 2017 and INCOSE SE HB, Version 4, Figures 4.15 & 4.19



Validation Across the Lifecycle '/;:i:"':}
. . - . - “ " ’#/l
T — e eerss | Validation should not be thought
% Functional & Physical Architecture Maturation ) Disposal Of aS Only Occurrlng On the rlght

Behavioral Model Maturation
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[ System Verificatiges@®8ySTe€m Validation Planning I nteg ratl O n ] Ve rlfl Catl O n ) an d
[ validation

L S e | \/glidation IS done across the
: o |~ gystem lifecycle:
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A - Design Input Requirements

Realized

o, - Architecture
SO N 4 - Design

Verifies & Validates against i
Needs & g Realized

[\ — - Design Output Specifications

Systﬁgﬁeglsegent Vf”ﬁi& Realized = ReaIIZEd System elementS,

Requirements alidates| System Elements

i S subsystems, & the integrated SOI

[ Design and Design Verification & Validation

Requirements

- Demons tration

- Inspection/Observation

- Analysis (includes models,
simulations, s imilarity)

Design,
Design Output Specifications,
Build, Buy, Code, Reuse

| Validation on the left side of the SE
besgnmpus | Design Outputs Vee decreases issues on the right
Adapted from Ryan, M. J.; Wheatcraft, L.S., “On the Use of the Terms Verification and Validation”, February 2017 and INCOSE SE HB, Version 4, Figures 4.15 & 4.19 S I d e Of th e S E Ve e




Valieation

System Validation
“Did we build the
right thing?”

- I ; Post Development
Design Validation Design -veop
“Do we have the Out uts Validation
right design?” p “Do we still have the right system?”

_____________ Needs Validation” Q=777 7 Rgmits Valtdation
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Llfecg‘c:\tlee%%r;cept Verification Requirement Verification Architecture & 8 Organizational e e
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D@Sign c Qn‘t fOIS Derived from Ryan, M. J.; Wheatcraft, L.S., “On the Use of the Terms Verification and Validation”, February 2017



Design Inputs vs Design Outputs

Problem Space
Focus on design inputs, preliminary

\/ logical & physical architectures
Integrated Set of Transformation

Needs T § _The “line”

Transformatiop.

Design Inputs

Design Input P Design Output Specifications
Requirements P can include requirements,
Design-to P specifications, algorithms,
“What” . Transformation formulations, drawings, &
-~ Architecture & other design output artifacts
” Design
~
”
Solution Space Design Output Transformation
Focus on design outputs, maturing the y Specifications
logical & physical architectures, design, p—y Build-to/Code-to
design output specifications, realized “How” System of
system of interest Interest

Design Outputs

Lifecycle Concepts and Needs Definition

Design Input Requirements Definition

System Verification

System Validation

System Needs, Requirements, Verification, and Validation Management 10
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Data-Centric Practice of Systems Engineering

Information-based Needs

Va“datEd by Engineered PrOdl:lCt
and Requirement Definition . -« . s System Baseline
& M V. I‘f;tet'.“ Phvsical into  Design 2,
alidation ysica Analvsi
anagement Artifacts Architecture p nalysis
terate
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Needs Definition =1 _ ~
Problem/ Architecture
igentif roblem, ® o Analysis System
(o) tunit = g
Stakeholders ) pportunity (& Satisfy Functional terate V‘X'tf-':at;on
£y Architecture rtiracts
Attributes
lterate Needs, Iterate Mission, Validate Attributes
(: Requirements, ( Goals, 7/6 v
Expectations Objectives
Iterate
. Interfaces
& + ~ Allocated
Needs ,‘ ~ Baseline
, -
i Lifecycl Analysis
Reguls.‘::tlons Constrai C;szz;g \Transforme Intefgrateg
Standards Analvsi nto . setofNeeds ~  \ Transformed into \JEEEL/
ysis & / -~ 3 .
\ Maturation o —t _ — Requirements Iterate
High ol M Requirgments Validated to represant — Expressions
igher .
Level % . Technology Analysis X
Needs s
v \Q
(og
i Cost & Requirements
I-Il-lghelr \_ Schedule N
eve Higher v

wﬂ Level

Traceability is critical to

( <«—Properties .
Statements ; of ‘inbuty

document relationships Requirements Definition
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Needs vs Requirements

* Needs represent the stakeholder, customer/acquirer, user view of the
system

— What do the stakeholders need the system to do that will result in their
problem to be solved or opportunity to be realized within defined constraints?

— Communicates the stakeholder expectations for the end-state once the
System is delivered — in the end what will make the customer(s) happy?

— The system will be validated against its integrated set of needs

* Requirements represent the technical, developer view of the system
— What must the system do in order to meet the needs?

— Needs are transformed into design input requirements that will result in a
design that will implement that need

— The system will be verified against its design input reguirements

12



Rather than just focusing on the requirements, we must
focus on both needs and requirements!!

Rather than just focusing on verification that the requirements are met,
we must also focus on validation that the needs are met!!

Needs, requirements, verification, and validation are the common
treads that tie all SE lifecycle activities and artifacts together.

From a holist view of SE, needs, requirements, verification, and validation
must be managed In the context of all other SE process areas rather than
In silos distinct from the other process areas.

13



Levels of a System — Hierarchical View

| System

| C|N|R: Concepts | Needs | Rgmts Ll

L 1)

Focus on decomposition makes it %
L )

eaSIGI' tO deve|0p the SOI |n blte /Subsystem\ /Subsystem\ /Subsystem\
sized chunks across multiple [CINTR]) [CTNTR]) [CTNTR])

Analysis L2

Decomp

Analysis Analysis

organizational units (internal and
external) based on specialize

Decomp Decomp

knowledge and expertise ‘Subsystem| ‘Subsystem | subsystem |
Analysis ; Analysis i ) Analysis Desi Desi L3
. po— Design E—— Design Design Decomp esign esign
Lifecycle concepts, needs, and
. - ‘Subsystem ‘Subsystem
requirements should be defined e
for the system as well as each o Anaws L4
Design esign esign esign 9
subsystem and system element Decomp _Ja:- i Oecomp
that is part of the system
architecture L5

Design Design Design Design Design
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Needs Before Requirements

Initial Set of Stakeholder’s Needs
Feed Into the Lifecycle Concept
Analysis & Maturation Activities

Problem/
Opportunity

Stakeholders

Traceability is
critical to managing
relationships

Iterate Stakeholder Iterate Mission

(: real-world ‘ ( Goals,
expectations Objectives

Needs

. Lifecycle Analysis , == = =~
Regulations Concepts N Transformed Integrated set of \
.w' Analysis & / into ’QS‘/
Maturation
. s a.
Higher 4
Level Technology
\ \Ne_eds/ v
. Cost &
Higher . Schedule
Level Higher v
Concepts Level Existing

There is a lot of work to
be done BEFORE
defining requirements!

Establish completeness,
consistency, correctness,
and feasibility before
defining needs and
transforming them into
the design input
requirements

16



Lifecycle Concept and Needs Definition Part 1

Traceability and Feedback

a

t a
4 4
Define
Prepare for Define the Mission, Identify
System J Problem or c)I;“?oatl_s, = E>I<t(ternal I&
N_egd; Opportunity jectives nterna
Definition and Stakeholders
Measures
Section 4.1 Section 4.2.1 Section 4.2.2 | Section 4.2.3

\_

%

Pre Project-Formulation Activities
performed at the business
strategic and operational levels
shown in Figure 2-1

Define Inputs to System Life-Cycle Concept Definition

Section 4.2

Document
— Elicitation
Outcomes
Section 4.2.5
\ 4
Elicit .
ldentify
Stal\lj(gzglder > Drivers &
Requireménts Constraints
Section 4.2.4 Section 4.2.6
Identify
— Risks
Section 4.2.7
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Lifecycle Concept and Needs Definition Part 2 i}

Traceability and Feedback

A A A A
/ \ / \ / People \
People Requirements
| Needs “| Project Plans
SOWs *
Section 4.5.1
v v v
Document . Process N
Set of élfecyclte Processes Requirements | Design Input
Preliminary Aonlce.p; detepp|  (Procedures) »| Procedures, > Requirements
Lifecycle Mn$ y;sE . Needs Work Definition
Concepts aturatio instructions™
: Section Section 4.5.1 *\ : : / Section 6.0
Section 4.3 44 Not included in this mandal
Alternate non I-NRDM Path
y Baseline and
. . Manage the Needs,
> ggﬁg’% ?cﬂg Plan for Vg{%r;% ﬁ]e Lifecycle Requirements,
Integrated Set > System > Inteerated Set | Conceptsand | Verification, and
Ofg Needs Validation o?Needs Needs Validation
Definition Management
- Outputs
Section 4.5.2 Section 4.6 Section 5.0 S Section 14.0
System Llfepyc}e Needs Definition Section 14.0
Concept Definition

\ Section 4.5 /

18



Use of Diagrams and Models

— Q 5 = M0 ~+ X m

3O+ un=<

(7]

E N
X Function/ X
E E t Source = |nput = Activity =» Output =» Customer t
. X F(1) e
X Receive Export — e
t Source Input |—> Input — — Output -ﬁ Output HDestlnatlon : r r
e r n n
r n a Func.tl_on/ a
n _— Transform £ 8 | Source ¥ Input p=»{ Activity m» Output =» Customer |
a Source Input |—> f::::’te — Inputs — 0’;’;‘;{; —-{ Output )—+>estination | F(2)
| into
°
. a : 5 Outputs . . : s S ® S
° ° ° °
° ° ° ° ° L] Yy Y e Y
Z . s S Function/ S
t Source Input I—» Recerve S, L, Export —-ﬁ Output Hestination t t Source > Input M Activity ==» Output Customer t
Input Output e e F(n) e
e
o R R i m m
s System of Interest s S S
Operating Environment
Operating Environment
/ System \
E Subsystem Subsystem
X
! . Esx;fsetr:ril l'o';t::;aac:/ Function | interface | Function
Input M1 | Function/ Function/ e - | F(x) ol F(x)
o Outputs/ T Outputs/ xterna Interface Interf. Interf.
Activity Inputs Activity Inputs r I bgfr:daaclf:/l Interface
Input B F(X) F(X) ‘ A n External Interface Function Interface Function
Function/ a System | boundary F(x) N F(x)
Outputs/ Ah |
Inputs Activity Intenface Subsystem Interface
I F(X) S boundary boundary
. . B Function
Function/ Function/ y F(x)
. Outputs/ .. Outputs/ . s
Input > Activity — Inputs Activity —> Inputs Function/ X l.nterface
F(x) F(x) Activity Output boundary
F(x) € Function Interface External
System of Interest m K F(x) boundary System
s
Operating Environment J Operating Environment

19



Zeroing in on a Feasible Set of Lifecycle Concepts s

Preliminary set of life-

cycle concepts
Section 4.3

lteration -
Increase
Resolution

Model development,
analysis, and maturation
Section4.4.7.1

Feasible life-cycle concepts,
integrated set of system
needs, preliminary physical
architecture, models,
plans, budgets, schedules

Trade space -
define candidate
physical
architectures

Section 4.4.7.2

“Zero In” on an
initial physical
architecture and
corresponding set

of life-cycle
concepts
Section 4.4.7.4

Physical architecture — feasibility analysis,
technology readiness assessment,

risk assessments, trade studies
Section 4.4.7.3

20



Defining the Integrated Set of Needs

) Analytical
Functional y
. and
architectural | .
A behavioral

Mission,
goals,
objectives

models

models

Stakeholder
real-world

expectations
Needs

Analysis

sy

Measures

| ~
v / Integrated \
Set of

) —p Needs
Regulations -
“ & standards | Feasible
v lifecycle

Higher-level
Rgmts

Cost &

Interfaces \ .
Higher-level . . schedule
with existing
| Needs A ,
\/ systems

N

21



Table of Contents

SECTION 5: NEEDS VERIFICATION AND NEEDS VALIDATION......ccccituiiiiiiieeieeccieneiissscissennsssssssisssssssnssssnsessassnnes 170
5.1 NEEDS VERIFICATION ...eetttetreeruususnsssssaseasesaseesesseessnssssssssssnssassssssssesssssssssessssssssssssssnssssnssssnsesessessssssessesssesannsnsnnnnns 171
5.1.1  Prepare for Needs VErifiCAtiON .............ouueuuueeeieeeeiiiieeeeeeeiitteeeeeeeee sttt e eaeeaeastssieeasessssssssasaaessssssnnns 172

5.1.2  Perform NEeds VEerifiCOtiON ...........ceeeeeeeeueriiieeeeesititcieeeeeeesvtttsseeeeseesstaseessesessessstasasesssssssssasesesssssnnnns 173

5.1.3  Manage Needs VerifiCQtion RESUILS ............coeeeeeeeuuueieeeeeeiteeeee e ettt e eeeeeetseaasresaeeaesessssesasesssesnnnns 175

5.2 INEEDS VALIDATION ....uieeieeeeeiiatetsuttsae b eaeaaseaaaeaesesasssessse st ssaas e eeaeeeaaesesesaesesesasnsssssss e eeaneeasenesnsnnses 175
5.2.1  Prepare for Needs VAlIAQLION .............couuueueneeeieeeeeieeeeee ettt ee e e ee sttt e ee e e aetseaa e saesaesassasssaassssennnnns 176

5.2.2  Perform Needs VAlidQLiON ..............ooeeeeeeeereieeieeeeeteeeeee ettt tteeee e e eetata e sa e e aetseraesaeeassassssasaaesssennnnns 177

5.2.3  Manage Needs ValidQtion RESUILS ............ccoeeeeeeeeeeeieieeeeeeeeeeeeeee e eeeese et se e s ssesaessaaesasasasssensnes 178

5.3 USE OF ATTRIBUTES TO MANAGE NEEDS VERIFICATION AND NEEDS VALIDATION ....eeiiieiiieeeraeisanniansseeesesesaeeneensnnaes 179

Do the individual need expressions have the characteristics defined in the INCOSE GfWR:

Necessary, Appropriate, Unambiguous, Complete, Singular, Feasible, Verifiable, Correct, and

Conforming?

Does the integrated set of system needs have the characteristics defined in the INCOSE GfWR:

Complete, Consistent, Feasible, Comprehensible, Able to be validated?
Have attributes been defined for each need statement?
Are all need statements traceable to their source?

Does the integrated set of system needs clearly communicate the stakeholder expectations
concerning the intended use of the SOI in its operational environment by its intended users?

22



Needs Verification and Validation

Problem or opportunity
MGOs
Measures
Stakeholder real-world
expectations
Use cases, user stories,
system concepts, OpsCon,
ConOps
Higher level Needs
Higher level Requirements
Higher level lifecycle
concepts
Drivers & constraints,

* External systems

e Standards

* Regulations

* Technology

* Operating

Environment

Risks

Do the lifecycle concepts and integrated
set of needs represent a system of
interest that can accomplish its intended
use in the operational environment when
operated by its intended users?

Needs
Validation

“Do the needs communicate
the intent of the
stakeholders?”

Concept
Validation

“Do the lifecycle concepts
reflect the intent of the
stakeholders?”

Implemented by Lifecycle
Lifecycle Concept Concepts
Analysis
Maturation
Concept
o Verification
5 “Are the lifecycle
concepts defined
correctly?”

Organizational
Requirements for

Business & Mission Analysis and
Stakeholder Needs and
Requirements Definition Processes

defining
lifecycle concepts

Needs
Validation

“Do the needs communicate
the intent of the lifecycle
concepts?”

Transformation Integrated Set

—)

Needs Analysis of Needs Design Input
Requirements
AN Definition
- Needs
= Verification
K “Are the needs written
correctly?”

Organizational
Requirements for
defining needs

23



A g
Table of Contents fr %
!!‘. .:.F:,
SECTION 6: DESIGN INPUT REQUIREMENTS DEFINITION .....ueterieierinreesseresseeessnssssnssssnessnsssssssessnsessnssssnsesssassssasans 180 ("%
6.1 PREPARE FOR DESIGN INPUT REQUIREMENTS DEFINITION ceevuueeeruteereruneeesessnseeereranesessssneseessseneessnsseessssaneessesnnnns 181
6.2 PERFORM DESIGN INPUT REQUIREMENTS DEFINITION. c11uutitiiiuitiieiteeetneseieeestessneessaesstnssssesssneessnsessnsssnsessnnessans 182
6.2.1 Transforming SOI Needs into SOI Design Input REQUIreMENtS...........cceuueievriiiiiiieriiriiisiiiiesicsesiaesiens 184
6.2.2  ESEADIISH TIACEADIIEY «.oeueeeeeerieeeeveieeei ettt veie st e et e e tse s saess s esassanassanssasnssesassanssssnssesnssesnsssnnsssnnresns 204
6.2.3  Defining Interactions and Recording Interface ReQUIremMENtS ..........eueeeeereeeereeeeerieerenieeesneeennreneenanns 211
6.2.4 Use of Attributes to Develop and Manage Design Input Requirements............cccceceuveivviierncreriaennnns 231
6.2.5  PlaN fOr SYSEEM VEIIfICALION ...c...coueveeeeeieiiieeieeeie et etttetsiett e ettt sa e ss s assseesassanssssnsssssssasnsssnssssnnseses 232
6.2.6  Finalize Design Input RequiremMents DEfiNItiON ..........uuceeeueiieinieiiiiiiiiiiiieriicsresiesseriseressssessnssesnaesreranes 234
6.3 BASELINE AND MANAGE DESIGN INPUT REQUIREMENTS. c.eevuueeerutieernrnneesssnnseeeseranesesssseeseesssesesssnnseesessnseessesnnnns 240
6.4 ARCHITECTURAL LEVELS, FLOW DOWN, ALLOCATION, AND BUDGETING c..cuuiuiunisieeinrassnsasssnsessnsessssenssssnssssnssssnsssenss 241
6.4.1 Moving Between Levels of the PhysSical ATCRItECLUIE .......u..eeneeieiiiiiiieiiiieieiieisieesseeese s vesee s eeseaeenes 242
6.4.2  Product Breakdown Structure and DOCUMENT TrEe.........cuuvuuueiviirrriieeeririeiesisiiiessesniseeesessiesssnnessensnns 242
6.4.3  Allocation — FIOW DOWN Of REQUITEMENTS ........eeeeeeeeeeeeeeeeeeeeeeeeatieesisisesssessesasessesssesessassssnsssnsrnsseranns 245
6.4.4  Defining Children Requirements That Meet the Intent of the Allocated Parents.................cc.ceuuu..... 251
6.4.5 Budgeting of Performance, Resources, and Quality ReqUirements..............c.ceveueeeineeeieriesneiinieeseneenn. 253
6.4.6 Budget Management: MQrgins QRO RESEIVES .........ccueeiieereiiiiieiisiiiesiiiesssisresasessesiseressssesssssssssssseranes 256
6.4.7  Use of Traceability and Allocation to Manage REeQGUIr€MENTS...........eeeeeeereeeerneeeereeereniiersnnrsenereseeranns 258

6.5 SUMMARY OF DESIGN INPUT REQUIREMENTS DEFINITION etuttttutntnstetneseesssseesseesssesssssnssssssssssssssssssssssssassssnsssssnans 259



A

Defining Design Input Requirements

Traceability and Feedback

a

A\ 4

Establish
Traceability
Section 6.2.2
Assess
interactions
v s (int%rf?_ces) &
. 1 Bl . Baseline and
Baselined Transform interface N Verify & Needs,
Integrated Set P!an for Needs into requirements F!nallze Validate the Mapage the Requirement,
_| Design Input 4 R N Design Input | . Design Input R e o
of > : » Design input » : » Set of Design ; -» \Verification, &
Requirements ; Requirements Requirements e
Stakeholder Definition HERLITEE S Section 6.2.3 Definition e Definition Validation
Needs for the SOI = Requirements Outputs Management
Section 4.0 Section 6.1 Section 6.2.1 Record Section 6.2.6 Section 7.0 Section 6.3 section 14.0
Section 5.0 »|  Attributes > Section 14.0
Section 14.0 or
Section 6.2.4 .
Flow down,
Plan for Allocation, Design > Production
I Sygtem and Budgeting
Verification
Section 6.2.5 Section Section 8.0 Section 9.0
6.4
Perform Design Input v
Requwemepts Definition Lifecycle and
Section 6.2 Needs
Definition
Section 4.0

25



Operating
Environment

Physical
Electronic
Electrical
Hardware
Software
Software

Environment
Human/:\/lachine

System
Element

System

System i System
System A Parent d
Requirement 1 2
[

N\ 7
RO
“W&Q@gﬁ

System
Element

Element

c17]

&) Elment )'. Trace to Trace to !
\ / . /y Parent Parent
— Interf
nterrace
- Boundar
Subsystem B Trace to Peer Subsystem C y
Child Interface = » Child Interface
Requirement Requirement
T Common T
ra.C(.e .to definition for the ra.cg _to
Definition . . Definition
interaction
across the
internal interface
boundary

26



Moving Down the System Architecture et AR

Organization’s Strategic Level Req u I re m e ntS at O n e Ievel are

Lifecycle Concepts:

Stakeholder Development, Production, ” Business h Business Leve| 0

real-world ) Acg“g;gggh ??L’O)’Tret"ff Business Needs Business | Requirements
expectations Lifecycle 2 DAL Needs Requirements )

Retirement 4 N
Analysis & 7y Analysis T Analysis
Maturation m m
o - g_
T | subsystems and system elements
= =t Parent
1 Business Operations Level a.t the neXt Ievel
Lifecycle Concepts:
Development, Production, Business “ Business
Stakeholder et 2 2 L 1
Acquisition, Deployment, Needs Operations  Requirements ~ Operations €eve
real-world h Operations, Support, Analysis Needs ; i Requirements
expectations Lifecycle Retirement Analysis - .
Al [hese requirements are Inputs to
Maturation \
<
\Kg, | \‘% Trace to .
A 4 o) A 3
. , 3 the lifecycle concepts, needs, and
Constrain \(& \‘% ] ]
\ Product/System  \ \ " Talid
- - \ \ \ reguirements aerinition process 10r
S, measure_s, se SyStem
Cases, Operational h . h System
Stakeholder Scenarios, Stakeholder ] Lifecycle ” System ) DESIYI‘J Input
el e ERTSEL ame Swer Ggp e M aitml | ee2 egch of the subsystems and
expectations Lifecycle ot & s e, (s Matu);ation rehitecture Analysis 2 y . A
Analysis & N ;_ﬂ Section 6 Design
Maturation \ section 4 Lifecycle Concepts & Needs Definition =3 Input Requirements 1
5 e system elements to which the
m el
o ®
— 5 L Flowdown ¥ |Trace to i
3 (Allocation & Budgeting)
. a3 Parent
Constrain
Subsystems M
e | - | allocated/budgeted
Cases, Operational ubsystem Design Input
Stakehold Scenarios, Stakeholder LierycIe ” Subsystem Requirement Reqmgremgnts
akeholaer needs & Requirements Lifecycle Concepts and Needs Needs 9%,07 sfs s Level 3
real-world h Drivers & Constraints, Risks | Analysis & Architect Analysis g 1
expectations Lifecycle Maturation rchitecture y: A ) )
4 Section 6 Design

Analysis & A

Maturation \ Section 4 Lifecycle Concepts & Needs Definition 10 (R EmEms

Process repeats until a buy, build,

- Lower—LeveI;ystem Elements - Level 4 COde, Or reuse deC|S|On IS made.

27



Alternate Architecture for Software Centric Systems 'E'

Hardware

System
Design Input
Requirements

Analysis

Allocate, Budget

Design Input

Mechanical
Design Input
Requirements
Software
Interactions Analysis Interactions Design Input

Requirements

Analysis

Allocate, Budget Requirements

Analysis

Interactions across interface boundaries

Allocate, Budget

H/W Subsystem
Design Input
Requirements

Analysis Design

Allocate, Budget

/ Allocate, Budget

Mech Subsystem S/W Segment S/W Segment
Design Input Design Input Design Input
Requirements Requirements Requirements

Analysis L Design Analysis

Analysis

Allocate, Budget Allocate, Budget Allocate, Budget

Spec = “built-to/code-to”
design output specifications

28



A n
Table of Contents o AR
SECTION 7: DESIGN INPUT REQUIREMENTS VERIFICATION AND VALIDATION ......ccccetettetmenecnacassessnssasesssssssassnns 260 !&I .:;.ﬁ
o ity
7.1 DESIGN INPUT REQUIREMENTS VERIFICATION. 11tuueeetrneeesunneesnnnesennaeessnnsesssesesssseessssesssssnssssssesssnnsesnsessensnssssnnessnne 262
7.1.1 Prepare for Design Input Requirements VerifiCation.................oouueuuuoeeeemiiiiiceeeeieiiieseeeaeeeesaeee e 262
7.1.2 Perform Design Input Requirements VerifiCAtiON..............uuveeiuuiiieiiiiiiiiieriisiiesisiiesssieessssisssssisssssiesesns 264
7.1.3 Manage Design Input Requirements Verification RESUILS ............couuuueeeeiiiiicieiiieiiieice e 266
7.2 DESIGN INPUT REQUIREMENTS VALIDATION ... etuteeettneeenuneesnnesesnaesesnssesssasessssesssssesssssnssssssesssnssesnsessensnssssnnessnne 267
7.2.1 Prepare for Design Input Requirements Valid@Qtion................cooveeeeiunoceeiiiiiiicieeeceiisiiieceeeeesvrnee e 267
7.2.2  Perform Design Input Requirements VAlidQtioN............ccouuueiiiuiiiiiiiiiiiiiiiiiiiesissiesisiiesssiisssssissssniesssns 268
7.2.3  Manage Design Input Requirements Validation RESUILS ..............eeeeveerevuiiiieiiriiiiiceeeeeeeisscieeeeeeeeaaaa 270
7.3 USE OF ATTRIBUTES TO MANAGE REQUIREMENTS VERIFICATION AND VALIDATION ...cccuuuiiueeereiaeersneeennneeeennnesesnnesenns 271

Do the individual requirement expressions have the characteristics defined in the INCOSE GfWR:
Necessary, Appropriate, Unambiguous, Complete, Singular, Feasible, Verifiable, Correct, and
Conforming?

Does the set of design input requirements have the characteristics defined in the INCOSE GfWR:
Complete, Consistent, Feasible, Comprehensible, Able to be validated?

Have attributes been defined for each requirement statement?
Are all requirement statements traceable to their parent, source, or dependent peer requirements?

Does the set of design input requirements communicate the intent of the integrated set of system
needs from which they were transformed?

29



Requirements Verification and Validation

Design Inputs m

e

Integrated Set

Lifecycle & Needs of Needs
Definition

“Are we building the
right thing?”

Transformation Design Input

Design Input Requirements
Requirements

Defi?{c:n

Requirements
Verification

“Are the requirements
written correctly?”

oAl

Organizational
Requirement
Definition
Requirements

Transformation Design Output

Architecture &  Specifications
Design

Definition

Derived from Ryan, M. J.; Wheatcraft, L.S., “On the Use of the Terms Verification and Validation”, February 2017

30



Table of Contents

SECTION 8: DESIGN VERIFICATION AND DESIGN VALIDATION......cccciiiiieniinirecnnnnicnecanssncaenanns

8.1 DESIGN DEFINITION PROCESSES OVERVIEW ...vuuveniisnesnrenieressnssneessrenssssesssstsesnsssnsssessessssensses
8.2 EARLY SYSTEM VERIFICATION AND SYSTEM VALIDATION ..uuevuirtnitneenreneesiesnesseennrseessessesseseneees
8.3 VALIDATION OF THE SYSTEM VERIFICATION AND SYSTEM VALIDATION ARTIFACTS ...cvvvererneneennnnnn.
8.4 DESIGN VERIFICATION ..uvevuuieresiierersneressniesssaserssssesesssseessssssesssessssssnssssnseesssnsssssnssssssnsssnnnnns
8.4.1 Prepare for Design VerifiCAtiON ............ceeueeeeeeeieeeeeineereiieeesieseniessnnsesnesssnesssnsesnnens
8.4.2  Perform Design VerifiCQtion .............ccuueeueuiieiiiiiiiiiiiiiriiiesisiesisissssssssnsessssesssssssnniens
8.4.3  Manage Design VerificQtion RESUILS ...........cceuiveeeiviuiriiieriiiesiiiiiisesesssiessnsssnens
8.5 DESIGN VALIDATION . etuttuertiestetueeeserseessessessesessssasssssssessesssssessssssnssssesnssteesssssnsssssssessessnsses
8.5.1 Prepare for Design ValidQtion ..............ccuuuuieeeiiiiiiiiiiiiriiiesiiiisiiie s sesiesssesssissnens
8.5.2  Perform DesSign VAlIAQLION ..........couueeuiiiiiiiiiiiiiiiiiiiiiiiiiiivsesites s sesssssiessssesssssassnnns
8.5.3  Manage Design Validation RESUILS ..........couueuiuiiviiiiiiiiiiiiiiiiiiiiiiiisisisiesisesesisssiessnans

8.6 USE OF ATTRIBUTES TO MANAGE DESIGN VERIFICATION AND DESIGN VALIDATION

SECTION 9: PRODUCTION VERIFICATION ....ccccuieeiiiiiieiienecieeiiniinesiessesseessnssasssessnssasssnssansansansns

y a \
(o W

31



Pt LN
Design 'Eﬁ'%\

Integrated set of needs,
design input requirements,
preliminary physical architecture,

lifecycle concepts, models, prototypes, \
plans, budgets, and schedules
Iteration - System analysis,

characterization, &
optimization

Model refinement and
analysis

Trade space — mature the physical
design using models, simulations,
prototypes, engineering test units,
technology readiness assessment,
risk assessments, trade studies

Baselined physical
architecture, design-output
specifications, lifecycle
concepts, models, plans, “Zero In” on the

budgets, schedules physical architecture,
design concepts,
updated lifecycle

concepts, and

artifacts

Physical architecture and design -
perform functional, performance,
quality, compliance, and behavioral

analysis, and design V&V

32



Design
Inputs

Design Verification and Validation

De g o grion Design
right design?” OutputS

v

Integrated Set
of Needs

Transformation

Design Input
Requirements
Definition

\

Transformation

Derived from Ryan,

Design Input  [Transformation|  pagion Qutput System of
Requirements | Architecture & Specifications System Interest
Design Implementation,
kDeflnltlon Integration
O :
Design

Verification
S “Did we design
s it right?”

Design
Verification

“Did we design it
correctly?”

Organizational
Architecture &
Design
Definition
Requirements

M. J.; Wheatcraft, L.S., “On the Use of the Terms Verification and Validation”, February 2017

33



. . . . . -’;. ! \\
Production Verification and Validation ‘C"'ﬁ%
/)

Design Outputs

Design Input _ransformation]  Design Output Transformation System of
Requirements  Architecture & Specifications System Interest
Implementation,

Design
Definition Integration
Production

Verification
O “Did we build it
= 7
P correctly?
@

Production
Verification

Organizational “Did we build it
System correctly?
Realization

Requirements

Derived from Ryan, M. J.; Wheatcraft, L.S., “On the Use of the Terms Verification and Validation”, February 2017
34



Table of Contents

SECTION 10: SYSTEM VERIFICATION AND SYSTEM VALIDATION COMMON PRINCIPLES .....c.ccciicieiiiicintiecccnncnnens 294
10.1 PLANNING STAGE eutitiiiiiaiiiiett ettt teteteaeaaaetaaanaaansaeas e anananseansas s sesasesasansnsasensnsnanaenssesnnnsesssesensnensnenn 297
10.1.1 Define the System Verification and System Validation SUccess CriteriQ..........ceeeeeeeeeeveneereeenvennnn 299
10.1.2 Determine the System Verification and System Validation StrategqQy.............ceeeeueeeeeeeeveneereeenveennn 304
10.1.3 Select a System Verification and System Validation MetROd .............ueeeeeeeeeiiieiieiieeieeiniesiennannn 317
10.1.4 System Verification and System ValidQtion MAEIICES ..........eeeeeeeeieeeeeeeeereeeerateaaeeeaveeanresaerennns 330
10.1.5 System Verification and System Validation Description SREEts...........ueeeeeeveierieeieeeeeeeeineesaernnans 332
10.2 [ ] T N Ry X ] =3 PR 335
10.2.1 System Verification and System Validation Activity Definition SREets ..........ceveeeeeeeervveiirceennnnn.. 335
10.2.2 System Verification and System Validation Procedure Requirements Definition......................... 338
10.2.3 System Verification or System Validation Procedure Development ............oceveeeeeeieeeeinieeieieseenennnn 341
10.3 EXECUTION STAGE: PERFORMING THE SYSTEM VERIFICATION AND SYSTEM VALIDATION PROCEDURES ....cccuvueueernennnnn. 343
10.3.1 Formal System Verification or System Validation Event Representative Process.........cccccceeeeveuu.. 345
10.3.2 Discrepancies and NON-CONFOITTIQIICES .........eeeeeneeeeeeeeieeeieeeeeaee ittt trtaeeeaseresserssssassesesnenesresenresnns 347
10.3.3 Variances, Concessions, Waivers, QNA DEVIQLIONS ......u..eueeeeeeeeieeeeeitistesssessesesesstsssessessssssssssesnens 348
10.4 REPORTING STAGE: DOCUMENTING THE RESULTS ..uutitiiiiittietieiea i ea et eieenea et saensaeasaentsnasaaesessnnesesesensnensnenn 350
10.4.1 Chain of Evidence Showing Conformance or COMPIIQNCE ...........uneneeeeneeeeeeeeieeteieeeeeeressenesserensesnns 352
10.4.2 USE Of COMPIIANCE MALITCES o.nnananeeeeeeeeeeeeeeeeaeeteeeeteteetateseasentntasansstnsssanssessssensnsasssensssssanssssesssnen 353
10.5 APPROVING STAGE: SYSTEM APPROWVAL ... cututttittetiaentaaneieeeatantnsesasatesesasesasesssentasnsaentnsnansenssesesesssssesensnensoensn 354
10.6 USE OF ATTRIBUTES TO MANAGE SYSTEM VERIFICATION AND SYSTEM VALIDATION ACTIVITIES . eucueieniiaiiiiieienenenenenansn 356
10.7 MAINTAINING THE SYSTEM VERIFICATION AND SYSTEM VALIDATION ARTIFACTS .euuititiniainiientieneiaeeaeesenenesenesensnensennn 357
SECTION 11: SYSTEM VERIFICATION AND SYSTEM VALIDATION PROCESSES ......cciitiiciiiicicnticicieccaccestcnnscnscnnees 359
11.1 SYSTEM VERIFICATION PROCESS ...ciuiuiiiitnin ittt ettt teete et st et e e saeasa et s e s aaanan s snsesesensaensnensnsntnsntnsenenaanansnsnnenenn 361
11.1.1 Prepare for System Verification — Planning and Defining .............eneeeeneeeeneeeiieeteieieieeieirenesresenresnnn 363
11.1.2 Perform System Verification ACtiVities = EXCCULING ...........eeeeeeeeeieiieieieeeseeeteereieiasseiessenesresanresens 363
11.1.3 Manage System Verification results — Reporting and APProVing ..........eeeeeeeieeeeieeeeeeieirenesresensesnnn 364
11.2 SYSTEM V ALIDATION P ROCESS. e et iniuiutentne ettt teteaeses ettt saensaeasasntaaasaaantsannnsesasansaensnensnsssasnsesenenesnansnsnnenenn 365
11.2.1 Prepare for System Validation — Planning and Defining..............uuen e eeeeieeeeieeeeieieeeeiessenesserenresnnn 367
11.2.2 Perform System Validation ACtiVities = EX@CULING ..........eueneeeeeeeeeeeiieieieeesetetsereeiessesesnenessesenresens 368

11.2.3 Manage System VAlidQEiON RESUILS ..ottt ettt et ettt tateaeaseresserssssassesesnenessesenresnnn 369



Needs,

Design Input Requirements
for each architectural entity
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attributes or each
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Executing Stage
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validation Events
* Execute verification and
validation Procedures
* Record verification and

" validation results

Defining Stage

* Define verification and
validation Activities

* For each verification and
validation Instance included
in a verification or
validation Activity, define a
set of procedure
requirements that will
result in the verification or
validation Strategy to be
realized using the selected
Method

* Develop verification and
validation Procedures

=

System Verification & System Validation Stages

/ Reporting Stage \
. d

Prepare a verification an
validation Execution
Record for each
verification and validation
Activity

Prepare a verification and
validation Approval
Package

Provide the verification
and validation Approval

Package to the Approving
\\Authority J

U

Approval Stage

* Gain Approval (Qualification,

Certification, Acceptance)
from the Approving
Authority

- Success Criteria

- Strategy
- Method

- Responsible Organization

System that is: verified
to meet the design input
requirements and
validated to meet the
integrated set of needs

Repeat for each system and
system element that is part of
the physical architecture



System Verification & System Validation Artifacts

Verification or Validation

Verification or Validation

Verification or Validation

SN
w0
l”]u.

I

Instance Instance Instance
System Need or Design Input System Need or Design Input System Need or Design Input
Requirement Requirement Requirement
y 4 .
Success Criteria ] [ Success Criteria ] [ Success Criteria ] Planning
[ Strategy ] [ Strategy ] [ Strategy |
( Method ] [ Method ] [ Method |
Verification or Validation Activity ] Ve"f'cat':\m or Validation
L L ctivity )
v ' , * .
[ Procedure Requirements ] [ Procedure Requirements ] Procedure Requirements Deflnlng
I v ) . .
[ Verification or Validation Procedure, steps & actions ] Procedure, steps & actions
. ( f ; lid
Verification or Validation Event, ) i
[ Verification or Validation Event, Executed Procedure ] \ Executed Procedure Executing
L ' ‘ )\
[ Execution Record ] Execution Record Reporting
Verification or Validation Approval Package
¢ .
[ Verification or Validation Approving Authorities ] Approving

:

Qualified, Certified, Accepted System

37



Sequence of System Verification & Validation Activities s

Strategy &
System Need, or Method )
Design Input ¥ Used to
g. P define &
Requirement
develop
Organizational Activity
Design Guidelines Success Criteria Procedure Rgmts
& Requirements .‘ Procedure ,A
L A
Qualification, / Defines Used to
Acceptance & expected Results are execute
Certification results documented
Requirements by
Execution « Event
Record
o A L v
N Used to provide
proof of
Resolve Approve satisfaction

Discrepancy
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. Baselined Sets i
Baselined of Design Basilmeq SIS System System
d of Design L AR
Integrate Input Output Verification Validation
Sets of Needs Requirements e iesite e Artifacts Artifacts
Section 4 Sect@on 6 Section 8 Section 10 Section 10
Section 5 Section 7 Section 11 Section 11
\ 4 \ 4
v
Prepare for
Needs,
Requirements,
Verification, &
Validation
Management
l Section 14.1
v VL v v VL v v VL
i . Monitor & Manage Manage & Combine
Baseline Communicate Control System Manage Control Allocation & Manage
Needs, Basell.ned Needs, Baselined Needs, Verification & i ge flow down, Traceability to InterfaEes
Hegulre iz, & Requirements, & Requirements, & System & allocation, and Manage
Specifications Specifications Specifications Validation budgeting Requirements
Section Section Section Section Section Section Section Section
14.2.1 14.2.2 14.2.3 14.2.4 14.2.5 14.2.6 14.2.7 14.2.8
Perform Needs, Requirements, Verification, and
Validation Management
Section 14.2
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