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Opening Comments

* The presentation is scheduled for 25 minutes
* We have too many slides
* The focus will be on the high points of the material

* Some slides will be reviewed quickly

* Because of the importance of some we will take minute or two to
explain

 All slides will be available
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Agenda

* Background and Acknowledgements

* Development of the Validation Suite for Needs &
Requirements

* Development of the Design & System V&V Process
Modes

* Modeling the V&V Planning Process
* Capture of V&V Compliance Results
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Background: Summary of Abstract (1 of 2)

* \Verification and Validation (V&V) are critical processes that ensure alignment
between stakeholder needs and system realization.

* There is limited guidance for implementing V&V in a model-based
environment.

* This paper presents an adaptable methodology leveraging Cameo Systems
Modeler and a SysML-derived Meta-Model to perform V&V.

* The methodology is aligned with the INCOSE Needs and Requirements Manual (NRM).
* The proposed approach is split into two major processes:

* Needs and requirements V&V

* Design and system V&V
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Background: Summary of Abstract (2 of 2)

* Needs and requirements V&V integrates automated and manual methods for
ensuring need and requirement sets are written in compliance with the

INCOSE NRM guidelines

* Design and system V&V uses a custom profile to define system V&V
attributes and activities used for V&V planning

=

This model-based framework enhances the efficiency and accuracy of both

needs and requirements V&V and system and design V&V

incose.org | 7
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Needs and Requirements V&V

e Need Verification

* Confirmation that the need statements & set of needs comply

with the rules and characteristics defined by the NRM (NRMm,
§2.3.3.1)

* Requirement Verification

* Confirmation requirement statements and sets of requirements

comply with the rules and characteristics defined by the NRM
(NRM, §2.3.3.1)

* Need and Requirement Verification is implemented in
using a set of validation rules
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Needs and Requirements V&V
* Need Validation

* Confirmation that the needs clearly communicate the intent of the agreed-to
lifecycle concepts, constraints, and stakeholder real-world expectations
from which they were transformed (NRM, §2.3.3.1)

* Requirement Validation

* Confirmation that the requirements clearly communicate the intent of the
needs, parent requirements, and other sources from which they were
transformed (NRM, §2.3.3.1)

* Need and Requirement Validation is implemented by attaching

artifacts documenting concurrence between stakeholders (NRwm,
§2.3.3.1)
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Need and Requirements V&V Process
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Guide to Writing Requirements in a Validation Suite

- INCOSE Guide to Writing Requirements v4 — Summary Sheet
|N\§E

Rules for Need and Requirement Statements and Sets of Needs and Requirements

Accuracy

A1 - Stryctured Statements: Need and requirement statements

must conform to one of the agreed patterns, thus resulting
In a wellstructured complete statement.

A2 - Active Vgice: Use the active voice in the need or
requirement statement with the responsidle entity clearly
identified as the subject of the sentence.

A3 .g‘gm%ula Subject-Verb: Ensure the subject and verb of
the need of requirement statement are appropriate to the
entity to which the statement refers

R4 - Defined Terms: Define all terms wsed within the need

within an associated

glossary and/or data dictionary.

A5 - Definite Articles: Use the definite article “the” rather than
the indefinite articie “a".

R6 - Common Units of Measure: When stating quantities, al
nuMbers should have appropriate and consistent units of
measure explicitly stated using a common measurement
system in terms of the thing the number refers

R7 - Yague Terms: Avoid the use ol vague terms maz pumde
wague quantification, such as “some”, "any”, “allowable”,

“several”, “many”, “a lot of", “a few”, “aimost shways®, “very

mum{‘ Mavw' “about”, “clase to”, “almast”, and
“approxi m.‘ne Avoid vague adjectives surh 23 “anclary”,

4 ", “routine”, “common”, “generic”, “sgnificant”,
“flexibie”, “expandabie”, “typical”, “sufficient”, “adequate”,
“appropriate”, 'mlnent' “effective”, “proficiant”,
“reasonable” and “customary.”

A8 - Lscope Clauses; Avoid the inciusion of escape clauses that
state vague conditions or possil
possidle”, "as Wttie as possible’
as possible”, ¢ it should prove necassary”, “if necessary”,

“1o the extent necessary”, “as appropriate”, “as required”
“to the extent practical”, and "if peacticable”

R9- Ogpen-Ended Causes: Avoid open-ended, non- sp«cvh:

clauses such as “Including but not kmited to”, “etc.” and
“and 50 on”

|Concision
A10 - Superfluous Infinitives: Avoid the use of superflucus
infinitives such as “to be designed to”, “1o be able to”, "to
be capable of”, “to enable”, “lo allow”
R11- Separate Cuses: Use 3 separate clause for vach
condition or qualification.
Non-ambiguity
A12 - Correct Grammar, 13 - Correct Speliing, 14 - Correct
functuation - Use correct grammar, spelling, punctuation
R15 - Logical Expressions: Use 3 defined convention to express
Losml expressions such as “[X AND Y]™, “[XOR ¥]", [X XOR
“NOT [X OR ¥]"
16 ugn,LmL Avoid the use of “not.”
R17 - Use of Obligue Symbol: Avoid the use of the oblique (*/"|
symbol except in units, i.e., Km/hr, or fractions.
Singularity
R18 - Single Thoyght Sentence: Write a single sentence that
contains 3 single thought conditioned and qualified by
relevant sub-clauses.

R19 - Combinators: Avokd words that [oin or combene clauses,
such a5 “and”, "or”, “then”, “unless”, “but”, “as well as™

“but also”, “however”, “whether”, “meanwhile”, “whereas”,

“on the other hand”, or “otherwise
R20 - Purpose Pheases: Avoid phrases that indicate the
“purpose of *, “intent of”, or “reason for” the need
statement or requirement statement
21 - Parentheses: Avoid parentheses and brackets containing
subordinate text.
R22 - Enumeration: Enumerate sets explicitly instead of using &
£70UP NOUN to name the set

3~ Supporting Diagram, MoGel, or ICD: When a need or
requirement is related to compiex behavior, refer to a
supporting diagram, model, or ICD.
Completeness
R24 - Pronouns; Avoid the use of personal and indefinite pronouns.
R25 - Headings: Avaid relying on headings to support explanation
of understanding of the need or requirement.
Realism
st—gmg% Avoid using unachievable absolutes such as
00% reliability, 100% availabllity, 2, every, always, never,
etc
Conditions

R27 - Explict Conditions: State conditions’ applicability explicitly
instead of leaving applicability to be mferred fram the
context,

R2% - Multiple Conditions: Express the propostional nature of 4
CONGITION expliitly for a single action instead of giving lists of
actions for a specific condition.

Uniqueness

R29 - Qassification: Classify needs and requirements according to

the aspects of the peoblem or system it ses

R30 - Unique Expression: Express each need and requirement
once and only once

Abstraction
R31 - Solution froe: Avoid stating implementation in a need
statement or requirement statement unless there is rationale
for constraining the design.

Quantifiers
R32 - Universal Qualification. Use “each” instead of “all”, "any”, of
th™ when universal quantification is intended
Tolerance
R33 - Range of Values: Defing sach quantity with 3 range of values

appropriate to the entity to which the quantity applies and
against which the entity will be verified or validated

R34 - Measurable Performance: Provide specific measurable
performance Largets appropriate to the entity to which the
need or requirement is stated and against which the entity
will be verified to meet.

R35 - Temporal Degendencies: Define temporal dependencies
explictly instead of using indefinite tempoul krwvo-ds such
a3 “eventually”, “until”, “before”, “after”, “as”, “once®,
‘umcst , “atest”, “instantancous”, “simuitaneous”, and “at
ast”

Umhm-ty of Language
R36 - nt Term nits: Ensure @ach term and unit of
measure used throughout need and requirement sets as well
2s associated modeds and other SE artefacts developed across
the Iﬂe(ytlr are consistent with the project’s defined
ontoloy

R37 - m It acronyms are used, they must be consistent
throughout need and reguirement sets as well 8s associated
models and otrcv SE artefacts developed across the lifecyde.

38— : Avoid the use of in needs and
requirement statements as well as associated models and
other SE lifecycle artefacts

R39 - Style Guide: Use a pfa]e(t wide style guide for indhvidual
need and

R0 1 F se a tonsmcm format and number of
signification d»gqs for the specification of decmal rumbers.

Modularity

RAL - R Requls Group related needs and
requirements together.
RA2 - Structured Sets; Conform to a defined structure or template

for organizing sets of needs and requirements,

.

evalidationSuites
Rules Validation Suite

___ .

]

evalidationSuites
R42 - Structured Sets

evalidationSuites

R41 - Related Needs and Requirements

wvalidationSuite=
R40 - Decimal Format

.

|

.

avalidationSuites

R39 - Style Guide

avalidationSuite»

R35 - Temporal Dependencies

avalidationSuites

R34 - Measurable Performance

|

]

] |

avalidationSuites

R32 - Universal Qualification

avalidationSuites

R26 - Absolutes

«validation Suite= avalidationSuites
R24 - Pronouns R22 - Enumeration

__a

__aa

.

|

«valdationSuite=
R21 - Parentheses

avalidationSuites

R20 - Purpose Phrases

R19 - Combinators

evalidationSuites avalidationSuites

R17 - Use of Oblique Symbol

|

[

|

«vabdationSuites

R16 - Use of "Not"

avalidationSuite»
R15 - Logical Expressions

avaldationSuite»
R11 - Separate clauses

|

.

o

avalidationSuitex

R10 - Superfluous Infinitives

«vabdationSuites
R9 - Open Ended C

avalidationSuite»
lauses R& - Escape Clauses

|

|

]

«validationSuites
RT - Vague Terms

avalidationSuites
R35 - Definite Articles R2 -

avalidationSuites

Active Voice

INCOSE-TP-2010-006-04 | June 2023 Page3ot?

Requirements Working Group
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Example Structured Expression

Language:

StructuredExpression (recommended) v A

Body:

O Body

F}% IfContainsAny
=@ Condition = Ort
@ A = StringContains Operation Name: | Metachain Navigation

E B44 /\ = Metachain Navigation

Operation from Model::A Edit Use as... Reset

----- [¢] Context = THIS

B g="any" Metaclass or Stereotype Property Insert

T o B Regirement Cassl [T AbstacReqi
E £ A = Metachain Navigation1 equirement [(fass| ext (AbstractRequirement Remove

----- [¢] Context = THIS

----- [ Else = true
= | 4| Create operation...
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Example Structured Expression

1. ifThenElse: This statement tests if the text field of the need or requirement
has the string any within it and returns a Boolean true or false. If true is
returned, the model displays an error.

2. or: This statement splits the validation suite into 2 statements to account for
the case-sensitive nature of the expression. If either statement returns true,
the then statement above executes.

3. stringContains: The string contains an expression that compares a system
element or expression against a defined string. In this case Any and any are

tested for.

4. Meta-chain Navigation: This is an expression that queries the system
element, in this case, the requirement and need attribute text.
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Validation Suite Example

Validatio

n Suite

]

Validatio
n Rules

«activeValidationSuites
Active Suite

(} Empty —
{} Shall

i} Test

«requirement»

grequirements

0 Body

Bt &8 IfThenElse1

b [ B =
“[] Then = true
‘e [] Else = false

L:J & Condition = NotEquals1
“ 4% A = Metachain Navigation1

Structure
d
Expressi
on

Id=II1II Id:ll2|| .
e - e , «verify» «testCase»
Text = "The LIR will install Text ="The LIR shall install - = - )
lids.” lids." Test install
«requirement» «requirements
Id - II4II Id - II5II
Text = "The LIR Shall install Text=""
lids."
& Validation Results
Validation Results
% &%
Element ! Severity Abbreviation  Message
= [ Active Suite
- R 1 A\ warming Verify This requirement must be verified by a testCase element.
3 1 A warnin Shall Requirements must have a “shall statement”. Please adjust to contain “shall” after the requirement
g subject. This is case sensitive.
- [l 4 A\ warning Verify This requirement must be verified by a testCase element.
. [ 4 A wamin Shall Requirements must have a “shall statement”. Please adjust to contain “shall” after the requirement
9 subject. This is case sensitive.
- (& 5 A\ warning EMPTY The requirement text is empty, please update
- [® 5 A warning Verify This requirement must be verified by a testCase element.
. [@ A warning Shall Requirements must have a "shall statement”. Please adjust to contain “shall” after the requirement

subject. This is case sensitive.




Desing & System System
Verification Process



INCOSE *

&
L
Y,
e
Y

NRM Design and System V&V Definition

Design Verification - Confirmation that: 1) the design reflects the set of
design input requirements, 2) the set of design output specifications clearly
implements the intent of the design as communicated by the set of design
iInput requirements, and 3) the design meets the rules and characteristics
defined for the organization’s processes, guidelines, and requirements for
design (NRM, §2.3.3.1)

System Verification - Confirmation that the designed and built or coded
System of Interest (SOI): 1) has been produced by an acceptable
transformation of design inputs into design outputs; 2) meets its set of design
input requirements and set of design output specifications; 3) no
error/defect/fault has been introduced at the time of any transformation; and
4) meets the requirements, rules, and characteristics defined by the
organization’s best practices and guidelines (NRM, §2.3.3.1)
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NRM Design and System V&V Definition

Design Validation - Confirmation that the design, as communicated in the
set of design output specifications, will result in a system that meets its
iIntended purpose in its operational environment when operated by the
intended users as defined by the set of needs and does not enable
unintended users to impact the intended use of the system negatively (NRM,
§2.3.3.1)

System Validation - Confirmation that the designed, built, and verified SOI
will result or has resulted in an SOI that meets its intended purpose in its
operational environment when operated by its intended users and does not
enable unintended users to negatively impact the intended use of the system
as defined by its set of needs (NRM, §2.3.3.1)
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System Verification and Validation Meta-Model

package 02 MetaModel[ £ Verification Meta-ModeI]J
* The V&V Meta- <block>
Verification/Validation Plan
Model j
«artifact» EL]
° C re ated to Objective Evidence
I«trace»
fOCU S O n th e W verificationValidation Context|0..*
. «System Requirement» _valid_ate_ i «Verification Activity» |Z[ «Verification/Validation Event»
req u | red Customer Requirement Validation Activity 0.® Verification/Validation Event
. . N
relationships [ederiveReqb
° «System Requirement» «verify» «Verification Activity» |Z[
V&V elements’ System Requirement < — — — 7|Verification Actlwty ;.
* requirements, |<<verd'ct>>
° «artifact» D
SySte m Objective Evidence
architecture.
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Verification and Validation Attributes

* Adding the
attributes

* Reduces the
necessity to relate
an instance with
each need and
requirement

* Simplifies
compliance with
the NRM.

«stereotype» [R]

r~ Requirement

[Class]
«stereotype» «stereotype»
System Requirement Customer Need
[Class] [Class]
altributes attributes

+Rationale: String

+Associated Action Item : Action Item
+Requirement Type : Need/Requirement Type
+SubCategory

+Design Verification Success Criteria : String
+System Verification Success Criteria : String
+Verification Rationale: String

+V&V Status : V&V Status

+date created : date

+Rationale: String

+Questions : String

+Answers : String

+Need Type : Need/Requirement Type
+Safety Related : Boolean

+SubCategory : String

+Validation Success Criteria: String
+Validation Method: VerificationMethodKind

i

[ ]
-

Q
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Verification and Validation Activities

V&V activities
derived from the
TestCase
stereotype
Verification types
Needs
Requirements
Design
System

«stereotype»
> TestCase <}
[Behavior, Operation]
«stereotype» V] «stereotype» Vi
Verification Activity Validation Activity

[Behavior, Operation]

[Behavior, Operation]

aftributes

+Verification Type : VerificationType
+Verification Method: VerificationMethodKind
+Activity Number : String

+Integration Level: String

+Project Phase : String

+Responsible Engineer: String

+Hazardous Operation : Boolean

attributes

+Validation Type: ValidationType

+Validation Method: ValidationMethodKind

Create a verification activity for each type of verification.

incose.org | 22
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Verification and Validation Event

Verification and validation events
group verification and/or validation
activities into an event where they
can be executed according to a plan.

Note that some attributes are typed
by Diagrams.

This is not a SysML relationship and is not
defined in the V&V Meta-Model.

This allows for an informal link to
diagrams created in the model that further
define test setups and test configurations.

«Metaclass»
Activity

T

«stereotype»

Verification/Validation Event
[Activity]

attributes
+Location : String
+Planned Date : date
+Personnel : Actor [0..*]
+Test Setup : Diagram
+Test Configuration : Diagram
+Approval : Boolean

gl
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Example of an Informal Diagram Link

Planned

Name Approval Date Location Test Configuration Test Setup
12/1/202 Development LIR
LIR Logistics Demo false |4 Log Facility &2 Test Unit & LIR Log Demo Set Up

Configuration

* Test setups and configurations are defined in Block Definition
Diagrams (BDD).
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V&YV Execution Record

* |n order to collect objective
evidence of verification an artifact
called a V&V Execution Record is

created

* The SE team captures the results
and uploads to the model for
traceability

«Metaclass»
Artifact

!

«stereotype»
V&V Execution Record
[Artifact]

o
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Take Away

 The Verification and Validation Meta-Model defines the relationships between
needs, requirements, verification/validation activities, objective evidence, and
events.

* Each customer need must be validated by a validation activity.
* Each system requirement must be verified by a verification activity.
* Both of which are linked to artifacts that document objective evidence.

* These activities are grouped into verification or validation events, forming a
cohesive verification and validation plan.

This approach ensures consistent traceability
Supports integration of V&V activities across the system lifecycle,

Aligns with the INCOSE NRM.
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fPIanning Stage: . N
* Step 1: Early System | " vayLeg
. . . I 5.2.1 Perform [] Verificatior
Verification Planning | Eary Syson [ Vaiidation
! Planning |
I |EIL I |
| * |
| W \/ |
| 5.2.2 Define 5.2.2 Define |
| Validation Attributes Verification
for each Need Attributes for each |
| Requirement |
| e ' =5 |
| e - - - |
I 5.2.3 Dtvelop :
| Risk Reduction
| Activities |
l o= '
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Initial Verification Events

# A Name

1 LIR Environmental Test

2 LIR Lid Installation Demonstration

3 LIR Motion Detection Demonstration

4 Nominal Operation Test

Documentation

An environmental test event is planned to verify the LIR's compliance to
MIL-STD-461E for radiated emissions, its ability to survive a drop test and
perform nominally in required environmental conditions.

A lid installation demonstration will be performed for all types of required
lids and jars and will demonstrate the required performance of the LIR
during a day shift.

A motion detection demonstration will be performed to verify that the LIR
reacts as required to motion.

An initialization test event will be performed to collect data and verify that
the LIR turns on properly.

* Documentation of common or already known verification

events
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Planning Stage

e Step 2 define attributes for:

V&V

A
lg‘-ll ny,
o .J
(Planning Stage: A
g Stage:
. V&V Lege
. \% . : :
I 521 Perform ) [] Verificatior
Early System |:| Validation
Verification
. Planning
——
W N \/

I
I
|
I
I
I
I
I
I
I
I
I
I
I
|

5.2.2 Define
Verification
Attributes for each
Requirement

5.2.2 Define
Validation Attributes
for each Need

. -
___9.<:....>.€___

i _
- 5.2.3 Develop |
Risk Reduction
Activities
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Need & Requirements V&V Attributes Example (1 of 2)

* As system and subsystem
requirements are defined,
V&YV attributes should be

defined as early as possible

* Note: this process deviates
In implementation from the
NRM but satisfies the intent
and simplified the V&V

Process

«Stakeholder Requirement»

Id ="Req_12"

Requirement Type = Functional/Performance

Text = "The LIR shall Monitor System_Health_and_Status whenever the LIR is powered."
Validation Method = Test

Validation Success Criteria = "The LIR monitors health and status when powered."

7

| «deriveReqgt»

«System Requirement»

Design Verification Success Criteria = "The design will be shown to meet the requirement
when the code is inspected for its messages to send status about the battery power once
the LIR receives power."

Id ="LIR SYS_24"

Rationale = "A clear definition of "Monitor Health System and_Status" is needed. This
will be refined as the FMEA is matured."”

System Verification Success Criteria = "This requirement will be shown to have been met
when the LIR demonstrates its ability to monitor health and status whenever it is
powered."

Text = "The LIR shall Monitor System_Health_and_Status whenever the LIR is powered.
[TBD]"

verifyMethod = Demonstration
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Need & Requirements V&V Attributes Example (2 of 2)

# Id 4 Name Text Verified By Verify Method D;zlcgcr;;;eg:':tcea:il:n System Verification Success Criteria
The LIR shall install lids on Jars positioned on ] Install Lid The design will be shown
the JPS conveyer belt as defined in the JPS [¥] CAD Inspection to meet the requirement
ICD. when the LIR CAD is
measured and inspected This requirement will be shown to have
LR S to ensure that the LIR  |heen met when the LIR installs lids that
5 ¥s 6 LIR SY5_6 Demonstration design can grasp jars are positioned as defined by the JPS ICD
- positioned on the throughout an entire shift.
conveyer belt defined in
the JPS ICD.
The LIR shall maintain the Jar position within V] Install Lid The design will be shown This requirement will be shown to have
H : H : | ul wi Wi [V
i-'r-,itaﬁ;tr;;:‘_as on the conveyer belt during lid ] CAD Inspect!on :\?hgnnete;(léf;?n;??zu;geﬁnt been met when the% installs lids that
UR S [] BOM Inspection ROM and CAD are positioned as defined by the JPS ICD
6 ys 7 LIR SYS_7 Inspection components are throughout an entire shift with a

inspected for tolerances measured deviation in jar position of less
within +/ - 0.1 inches. than 0.linches.

The LIR shall install lids on plastic jars with Lid Installation The design will be shown
an opening of 2+.01 inches with a torque (1) i Torque Analysis to meet the requirement Thijs requirement will be shown to have
of 26=<T1=<30 inch pounds. ] Torque Test when the mechanical been met when the LIR |HS Torque test
] Install Lid analy_5|s Fonﬁrms th_at confirms that the JHS installs lids with an
R s the f'"ahﬁeﬁdﬁ‘ F’ES'Q” opening of 2 +/- 0.1 inches at a torque
LIR_ can install lids with an  |hetween 26 to 30 inch pounds. AND when
7 ¥s_8 LIR 5Y5_8 Test opening of 2 +/- 0.1  the LIR successfully installs 95% all of
inches at a torque required lids from the Lid Spec during a
between 26 to 30 inch  sjmylated day shift at the required torque.
pounds.

Example System Verification Matrix
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fPIanning Stage: . N
* Step 3 Define Risk | " YAy Lags
] | 521 Perform [ ] Verificatior
Redetection Steps | cary Systar [ Vaiidation
! Planning |
| Ewt.l_ I |
| * |
| \ W |
| 5.2.2 Define 5.2.2 Define |
| Validation Attributes Verification
for each Need Attributes for each |
| Requirement |
| e l = J |
I — - - >@&< — — — |
| 4 |
| 5.2.3 Develop |
| Risk Reduction
| Activities |
l o | '
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Defining Risk Mitigation Steps

* Risk mitigation strategies often
include a series of development
testing or analysis to buy down risk.

* The risk mitigation activities are
modeled as verification activities and
linked to associated requirements
using the verify relationship.

«Risk»
OffNominal11

Id ="R_23"
Text = "The JHS grasps the jar with
insufficient force to keep the jar from

rotating during lid installation”

[ Early Verification/RiskMitigation

I
I
I
I
I
I
I
I
I
I
[

«Verification Activity» [v]

Lid Installation Torque Analysis

o T
W

«Verification Activity» V]
Torque Test

Y/

«Verification Activity» ]

Grasp Jar

£
L
Y,
P
Y
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The Defining Stage
 Step 1 Define V&V Activities

|/ Defining Stage

E 2
- 5.2.4 Define

Verification
Activities and
Procedures

" 5.2.5Develop |

Verification
i Events and
Procedures

|

|

I

| -

| & V)
I

|

| |

| O

\%

" 52.4Define

Validation
Activities and |
- Procedures |
=y
- 5.2.5 Develop |

Validation

Events and
Procedures

V&V Legend
[ ] Verification Activity
[ ] Validation Activity

|
|
|
|
|
|
|
J
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Derivation of V&V Activities

* Defining verification and
validation activities is a detailed
and tedious process

* Requirements need to be sorted
based on VMs

V&V activities are created for
both design and system V&V and
can be reused

* Attributes for the activities are
defined and related to
requirements via the verify
relationship

* Procedures are mapped out with
pass/fail criteria

/

.

("act [Activity] Define Verification Activities| Define Verification Activities])

£
‘-’-
.-.
Ty
Y

V&V Legend
[] Verification Activity
[[] Validation Activity
[ Integration Activity

Sort
Requirements

| l I I

\2 ; \2 : \2 \%
Create Design Create System Create Create System
Verification Verification Integration Validation
Activities Activities Activities Activities

1 (_ _ . _ _ ! |
‘e 9£ , _________ J

v - v

Relate Relate )
Verification Validation
Activities to Activities to
Requirements Needs

T g .

|

# I

\z
Define ‘ - v : v
. = Define ( Define
Verification A gnie
Activity Integration Validation
Procedures and Procedures and

Procedures and

Pass/Fail Criteria fassitull Critoria

Pass/Fail Criteria




Create V&V Activities

# Py tl:utr'_:_:l Name Verification Type Verification Method Imtegration Level Project Phase

I A-1 [¥] Battery Life Analysis Design Yerification |[Analysis Subsystem Detailed Design i
2 .A 2 E Crasp Jar System Verification [Test .Sys.mm Test F
3 -:'-"-—3 ] Install Lid Systern Verification [Test -’:iy'stem :TE' st

4 .A—-fl E Lid Installation Torque Anabysis Desjgn Verification  [Anabysis .S'g.-'stem Detailed Design 'r
> ..ﬁ.—E IE LIE JHS Drawing Inspection Design Verification  [Inspection .5uh5-,-5tern -Detailed Design 'r
B ..-"L—E- ] LR Life Cycle Analysis Design Verification |[Analysis IS'g.-'stf'm :DET&“EL‘J Design .E
7 A-T ] LIE Reliability Analysis Design Verification  |Analysis System Detailed Design [
& A-R E Move Lid to Jar Systemn Verification |Demonstration Sysbermn Test

9 -.-'a—Ei' ] Obtain Lid System Verification [Test System -TE st i
10 .A—lD E Perform BIT Code Inspection Design Verification  [Inspection .S-Dfmare Detailed Design .E
11 Aa-11 E Perform JHS Compliance Assessment with |PS ICD Design Verification  |Inspection Software Detailed Design |*

N N e [aFe)
incose.ory | 38
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Process for Developing Verification Events

(act [Activity] Define Verification Events[ Define Verification Events ])

- --

Group
Verification
Activities within
a Verification
Event

~

Define System
Under Test

(SUT)

Configuration

9

Define
Location, date
and other
verification
event attributes

Define Test Set )
Up

Check
Requirements
Compliance
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Define V&V Activitiey, Procesures and Pass/Fall Criteria

rag [Fackagn] Aralsis Varlicaion Actviies] Wardfcatan Activiey Staps | __I

||:||agnam neme "*.'eﬂrl-:au-:-n Activity Steps

T'a cefne the staps wihin an achvity, an activity diagram is creded under each varfication azivity based an the success ohiana nked
1 tha verficabion actieity. PamssFail oriteria & defined for the verdict

ACOmmes

Click in the werlicalion acivity lo view
ilz procadure aikl pass Ei oribsnia

e\arifcation Actvilys 1
Fowar LIR VA
Phuctisity Mipsbr = "85,
Hizardnia Cpsanatian,
Intagration Lavel = “Sysiem”,
Frojoect Prasa = "Taal,
Remparnaiag Fraginsar = "Tast IPT
WaiiTreaten Metbed = Tasl,
Warileaton Typs = Syatan Variltian

|P.|.r||1'.rr

|| mmuhalland

|M|:||:|ri:alinn dau,-" VA2, B30 PM

Thig lﬂlB.ﬁI'EI'I'I usas the Power LR
achivity as an example ko show haw 1o

Cocumentation || oreate steps that describe how tha

warlfication actvty meels its success
ariferia i verify the requirement.

& [
\- - - - - - - - - -7 - - - - - - - - - -~ -0 - - 0 = N
| | |
| avarifys wverifye | wearifys | weerifye
g W L ok
a Syslem Requiramests  Syslam Reguiraments aSysbam Reguiremernls wZyabsm Raguiremenis
«Guide Slakshokler Reguiramerts eGuide Slabaholder Regquiramesnls

Id = "LIE_SY5_24"
Sysiem Varification Success Criteria = *This
requiremant wil be shown bo have b=en met
when the IR demonsirles is abilty D
mznitor haalth and status whanaver it is

povwerad,

Text = “The LIR shal Monilar

Systern_Heslth and Status whenewver the LIE
is powered. [TED]

Electrical Interface

Id="LIR_SYS_32°
Rationale = ™

Systemn Varfication Success Criteria = “This
requiremenl will be shown Lo have been met
when the LIE operaies nominally far an entire
shuft using the facility's 110-120 VAC 60 Hz
facility 30-amp power source”

Taxt = "The LIE shal pe compatible with [EEE
241-1890 120 AL 60 Hz facility A0-amp

POV,

Id = "LIE_S¥35_g3"

System Verification Success Crilera = “This
requiramsent will e shown o have been met
when the LIE powsers up in one second.”
Text = "The LIE =hall fransidan from the Sleep
gubetate 1o the Beacon Jubstate within
second upan receipt of fie Poser_Up Cmd in
sooordanca with the ECHE C&M 1CD [TBD)"

State Change Reporting

I ="LIR,_SY5 54"
Ratipnale =™

Swatem Verfficetion Success Critera = “This
requiramenl will be shown o have been met
whan the LIE msponds o al commands sent
from the BECR CaM within 1 sacond during an
erlire day shif.

This requiremant wil ba shown bo heve baan
med when the LI sands & stala change
message o the LIR within 1 seconds after
powiar B resaaed, Infalizeton, [ nstallaion,
and shul doan.”

Text = “The LIE shall send & state change
mieesage within 1 second after a elate changs
pocurs "




Define V&V Activitiey, Procesures and

Pass/Fall Criteria
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The Defining Stage
 Step 2 Develop V&V Events and Procedures

/Defining Nage s e V&V Legend

| g fage g

| [ ] Verification Activity

| o : ,\l/ [ ] Validation Activity
5.2.4 Define | - 5.24 Define |

| Verification Validation |

| ctivities and Activities and |

| \ rocedures ~ Procedures |

| =Yy NV i |

| ' 5.2.5Develop - 5.2.5Develop | |
Verification Validation

| i Events and Events and ) |

| - Procedures Procedures | |

| 5 }
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Modeling the Test Set Up

bdd [Package] Test Set Ups [ Nominal Operation Verification Event Set Up] )

waxternal»
Jar Production Facility

ablocks
parts Test Equipment
: Controlled Storage Area —, ’
: ECR C&M Computer
: Shipping and Receiving power Eupplyl computer DAGl
Tlfé"[tggf"““ i «blocky ablock» ‘ «block»
: Uncontrolled Storage Area Power Supply Computer DAC

: Facility Power
maintenance Computer : Maintenance Computer

properties
- FEIEi"t'_y" Personnel

g | 44
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Identification of System Under Test

bdd [Package] Test Configurations[ Tactical LIR Test Unit Configuration ] )

usystem»
Logical LIR System

parts
LIR JHS : LIR JHS
LIR C&C Subsystem : LIR C&C Component
LIR Comm Subsystem : LIE Comm Component
LIR LHS : LIR LHS
LIR Power Subsystem : LIR Power Subsystermn
LIR Structural Subsystem : LIR Structural Subsystem
LIR Thermal Subsystem : LIE Thermal Component

proxy ports

JHS IF:LIR JHS
IEC 320 Electrical Standard Connector: pow

LHS IF:LIRLHS

ablock»
Tactical LIR Test Unit




SN

INCOSE

S,

Verification Execution Plan Example

Name Approval Plgg?:d Location Test Configuration Test Setup Personnel A Verification Activities Re‘;fi?:lri:ms
LB Envronmena st 1 B o ortirann B vemiaror osecp | 1 P
LIR Lid Insta.llation false
Demonstration

LB ot peecn

¢ Test Lead [] Position JHS 228 R0O03

% Test Operator [V] Move Lid to Jar 229 R004

[ Grasp Jar (58] 230 ROOS

[ install Lid (58] 231 RO06

[ obtain Lid (58] 232 ROO7

EIIPer_fol_rmﬁ [s8] 233 ROO8

: . . i Tactical LIR Test . . nitialization 234 R0O09

Nominal Operation Test false  7/31/24 JFaalrci;:;)dumon & Unit Configuration i) Nominal Operation Test 1 Power LIR 235 RO10

[V] Shut down LIR (Rl 242 RO17

268 RO33

226 RO01

237 RO12

255 R020

244 RO19
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Execution & Reporting
|Exec_t|on_ & R_epc;tmg_ Sta_ge ____________ L
* There are 3 stages that e o |
: erification alidation ) 4
are critical are critical to : > = cxcuon cxectionpin £ 5
Execution & Reporting + | & — |
| T A ———
 Exporting the VEP I v |
. . | | 5.2.7 Perform |
created during Planning |, ' _ _ _ _ _ VeV e Colect I oo oo |
* Collection of the V&V | - va-e"ci e
verification is complete
reS U ItS | 528 l\)bfsplay
I Compliance
| Matrices

* Display or communication .
of the Compliance &
Assessments

&l
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Execution & Collection of VEP

* As the Nominal Operation
Test is executed each a
verification activity is initiated
for each step.

* Each step returns a verification
assessment that is captured.

oooooooooooo

______

IIIIIIII

verdict

verdict

verdict

verdict

verdict




Conclusions



INCOSE *

Conclusions

* The paper presents a methodology compliant with the
INCOSE NRM for performing

* Needs and requirements V&V and
* Design and system V&V
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Conclusions

* Design & System V&V

* The process is described using

* Activity diagrams,
* Presenting a customized V&V profile, and
* Providing examples for each step

&
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Conclusions

* Needs and requirements V&V
* Performed early in the system lifecycle and

* Uses Cameo’s validation suites to develop automated
constraints on the need and requirement text-based attributes.

* A manual process is also presented to check more abstract best
practices for needs and requirements sets along with validation.
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Conclusions

i
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* Performing model based design and system V&V
iIncreases

* traceability of V&V attributes to needs and requirements,
* test coverage across the design,

* and the ability to reuse verification activities throughout the
lifecycle

* The process also enables V&V planning, management,
and creation of a master verification execution plan.
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