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Introduction

James Craig

Boeing Digital &
Systems Engineering

James is a systems engineer with 16 years of
experience working in the aerospace industry.
He currently serves as the owner of Boeing's
Verification and Validation (V&V) Capability. In
this role, he manages Boeing’s portfolio of
V&V-related technology investments, helps
with relevant process improvement efforts, and
provides V&V consultation across Boeing's
commercial and defense programs.

Prior to this, he worked as a guidance,
navigation, and controls engineer performing
safety and certification related analyses and
tests at various stages of product development
lifecycle. His switch to focusing on V&YV
occurred after leading an effort to build a
large scale test automation system around a
set of test assets. Through this work, he
realized that, with the right framework, you
can build a closed-loop control system around
your product development process.

His career passion centers around making it
easy for engineers to learn “sooner, faster,
cheaper, and with as much clarity between
cause and effect as possible”.
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What is V&V?

Verification and Validation according to. INCOSE Guides

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

* Problem or opportunity %
* MGOs [
* Measures sl
* Stakeholder real-world
expectations

. reflect the intent
*  Use cases, user stories, stakeholders?
system concepts, OpsCon,

. Hléher—level Requirements Lifecﬁ:ﬁg';cept S —— R Design Input
* Higher-level lifecycle concepts Maturation
Drivers & constraints, 4
* External systems
* Standards =]
* Regulations =) 5
(<D “Are the needs written

* Technology

“Are the lifecycle o
- o concepts defined CORTECEYS,
+  Operating Environment 'wv,m‘;,)/
Risks

Organizational ™ o -
Business & Mission Analysis and Requirements for rg?n'zat|0”a
Requirements for

Stakeholder Needs and s
g Kty defining o
Requirements Definition Processes : defining needs
lifecycle concepts

INCOSE SE Handbook

Katz, T., Orr, K, & Wheatcraft, L. (2022). Guide to Needs and Requirements
(Document No. INCOSE-TP-2021-003-01, Version 1.0, pp. 41). INCOSE.

Different

. R/ juirements
b tig

“Did we build the
right thing?

Dok lews e o SN Design
ght design N
e W Outputs

Design
Inputs

“Are we building the

right thing?”

i Design Input Requirements | Architecture &| " Specifications System

Lifecycle Concepts
Implementation,

and NCxds Requirements Design

L ifop - Definition & Definition Integration
U \) =
g P Did we build it
5 | Y e correcty?
{  “Did we build ;
/ t right? /
Organizational Organizational %
Requirement Architecture & Organizational
Definition e ek Design System
Requirements A\::G::::v‘i:{is\l} Definition “Did we design it Realization “Did we build it
: Requirements correctly? Requirements correctly?

Wolfgang, R., Katz, T., & Wheatcraft, L. (2022). Guide to Verification and Validation
(Document No. INCOSE-TP-2021-004-01, Version 1.0, pp. 21). INCOSE.

occur throughout the product development lifecycle




What is V&V?

Verification and Validation according to: 1SO/IEC/IEEE 15288-2023

See sections 3.54 and 6.4.11

» Confirming with evidence that a system, system element, or
artifact achieves its intended use

> About building confidence that validation criteria can be met

o o » Validation is something confirmed by stakeholder
1 Valication 1

Confirming with evidence that a

About
Verification is something

See sections 3.55 and 6.4.9

"ISO/IEC/IEEE International Standard - Systems and software engineering--System life cycle processes," in
ISO/IEC/IEEE 15288:2023(E) , pp. 9, 83-85, 88-91, 16 May 2023, doi: 10.1109/IEEESTD.2023.10123367.



What is V&V?

Verification and Validation according to. ARP4754A

\re we building the
right thing?

Integrated Set Transformation:
of Needs

T

Design Input System of

Design Input Requirements A Interest
Requirements

Definition A |

El

Organizational
Requirement
Definition
Requirements

Requirement V@ ” ﬁ@]éﬁtﬁ@[@

» Confirming with evidence that the requirements for a system or Confirming with evidence that an
system element are “correct and complete”

> This includes ensuring the system or system element will meet Also involves ensuring the
the needs of stakeholders AND meet all required characteristics

SAE International, "ARP4754A: Guidelines for Development of Civil Aircraft and Systems.” p. 13, 54-72, [2010].

Industry standards define



Boeing's Framing of V&V

Common themes across industry guidance:

Iterative checking of engineering quality throughout the development lifecycle

D @ L E X

Examples: Descriptive Virtual Hardware-iv- Higher Level
Model Simulation the-Loop ATU Lab Actual Product
(HTL) Lab ®

Risk and debt accumulate and

Earlier, more frequent quality checks allow us to minimize . :
compound over time until we

= . . . .
.§’.g exposure to late and costly findings by building invest in decreasing them
[T T
£E quality into our products The longer we wait the more
e 2 costly the impacts
w v
- <
-~ il

Time



Boeing's Framing of V&V

Common themes across industry guidance:

Iterative checking of engineering quality throughout the development lifecycle

Decision Making <insert design process> =~
@8 E -~ b &R
trade study,

uicertaint
! L/

\ chavge request
NEEDS "@ Error Controller — Actuating input— Process ——PRODUCTS

model, document,
data set, actual
system-of-interest,

_ ete.
results, artifacts

—— Feedback signal Feedback

0{@51@»1 chanae

A

A X Etc.

Verification & Validation



Boeing's Framing of V&V

Common themes across industry guidance:

Customer Wants

Categorization of criteria sets with <noun> verification or validation

Requirement

" Validation

Business Needs e S .
SuccessfulProduds |mp|ementat|on
Product Level Verification
Product Level Product Definition Product Level
’%% Requirements %, Verification &
Q% % 0
Q% % \\ f N
2,8, System/ System/ Subsystem Level stom Level K
3%, Subsystem < Product Definition Systemievel %
%) o, Leve Regts %, N .
> 3, % 7 9 Design
%/Q) \\ Component / Q@ ) )
G Commadity Level > Validation
7 £
3,s,  _Compment (o e Ton  JEY
$, % Reauirements Verification $
IR 5 N
> O
? \:\ Supplier Detdled /! & ged§
Validation

Requirements & Design _
Supplier - - Supplier
Reqts Defiled Desion 7 \/erification

These need to match ARPAFSAA
defivitions used v Boeing
Commercial Airplaves

Boeing has more freedom
here, but should strive
for a common pattern



Boeing's Framing of V&V

Common themes across industry guidance:

Categorization of criteria sets with

Production
Vification

Needs

Validation Validation

Operational
Requirement Validation

Validation

Implementation
Verification

10



Risk / Engineering
Debt Accumulation

Boeing's Framing of V&V

o The V&V lvee’ Production

© The Cost of Delay

Earlier, more frequent quality checks allow us to minimize
exposure to late and costly findings by building
quality into our products !

1

1

Needs

Validation

Requirement *
Validation

Customer Wants \">

Verification
5

\_Busness Needs S Design
—Regulabry Req's \ > Validation
el
L evel
Product Definition

o
%

%

N\

® Closed-Loop Product Development

NEEDS uncertainty —»

execution result

Decision
Making

——change request—»

Verification &
Validation

<insert design
process>

<design change

Supplier
Redts

Component/
Commadity Level

(N Produd Defirition /)

Spplier Detailéd
--a\: ents &D

(i)

Implementation
Verification

—1 > PRODUCTS
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Boeing's V&V Conceptual Data Model

Decision Making <insert design process>

Change

Request part of Issue
A request for a chanoe A task or problem

to engineering data

Types of Data Models

Current @@@@aﬂ Industfy / Enterprise

Foous Identifies domain concepts
O

‘M‘ Program / Organization

Defines data structure and how it connects
A, T

Software Application

Describes the database implementation of the data model

Verification & Validation

DISCLAIMER: Dated and incomplete view that has been modified for presentation purposes; data model continually evolving

12



Boeing's V&V Conceptual Data Model

Decision Making <insert design process>

part of @contributes to Cg\?;rﬂe affected by

An ustance of ove or wore data
elements being added, modified, or
deleted from an anthoritative source

type of

Change
Request

Design
Element

Evaluation
Case

evaluates

/

A wniguely idewtifiable
element of a product’s design

A specification of the inputs, execution
conditions, success criteria, and procedural steps
associated with evaluating a design element

Types of Data Models

» TestPlan [«
Current @@@@aﬂ Industfy / Enterprise
Focus Identifies domain concepts ‘
O Uses
‘M‘ Program / Organization l
Defines data structure and how it connects Reportson | TestCase Uses—  TestScript | paports on
- A 8
Software Application A x
Runs o’&o Executes
Describes the database implementation of the data model ”\
- A
Test
oo - o o Execution [———Produced By Test Result
Verification & Validation Record

DISCLAIMER: Dated and incomplete view that has been modified for presentation purposes; data model continually evolving From OSLC Quality Management Vocabulary

13


https://docs.oasis-open-projects.org/oslc-op/qm/v2.1/ps01/quality-management-vocab.html

Boeing's V&V Conceptual Data Model

Decision Making

Change
Request

Types of Data Models

@@thﬂaﬂ Industy / Enterprise

Identifies domain concepts
-

‘M‘ Program / Organization

Defines data structure and how it connects
A, T

Software Application

Current
Tocus

Describes the database implementation of the data model

part of Issue contributes to Cé]\?:rﬂe affected by

<insert design process>

type of
Design Evaluation
evaluates
Element Case
executes uses

A series of steps
performed to execute
an evaluation N

precedes

A plawned execution

- Evaluation
of an evaluation

Procedure

Evaluation
Action

—_—

uses

contributes to executed in requires

supports

Evaluation
Plan Environment

Evaluation

A set of evaluation actions
that achieve a particular —
objective or purpose

A marking for a significant /

thange or stage in
development of a product

The type of surroundings or
conditions in which an
evaluation is executed

Verification & Validation

14



Boeing's V&V Conceptual Data Model

Decision Making

Change
Request

Types of Data Models

@@@@t_ﬂ!@ﬂ Indust

Identifies domain concepts
-

‘M‘ Program / Organization

Defines data structure and how it connects
A, T

Software Application

Current
Tocus

y / Enterprise

Describes the database implementation of the data model

part of Issue contributes to Cé]\?:rﬂe affected by

<insert design process>

precedes

Evaluation

Plan

A specified
arrangement ——
of resources

Verification & Validation

Design

Element

Evaluation

Act% uses

contributes to

requires

Resource \ 2
conforms to

Configuration

type of

Evaluation

evaluates
Case

—

executes uses

\@lation

Procedure

supports executed in requires

Sha=

Environment

realized by

Evaluation
Resource

@posed of

Av asset used in
+he execution of
evalnation actions

15



Boeing's V&V Conceptual Data Model

Decision Making

Change
Request

A record summarizing
the execution of an —__

Types of Data Models

@@@@t_ﬂ!@ﬂ Indust

Identifies domain concepts
-

‘M‘ Program / Organization

Defines data structure and how it connects
A, T

Software Application

evaluation action

Current
Tocus

y / Enterprise

Describes the database implementation of the data model

part of Issue contributes to Cé]\?:rﬂe affected by

related to

<insert design process> type of

Evaluation
Case

Design

evaluates
Element

—

in response to executes uses

\@lation

Procedure

precedes

Evaluation

Act% uses

contributes to supports executed in

requires b

Resource \ 2
conforms to

Configuration

\—

Evaluation
Result

produced by

references produced by

Evaluation Evaluation

Artifact Environment

Plan

realized by

An object produced from the
execution of an evaluation action

Evaluation
Resource

records

Verification & Validation

Activity instead of action?

requires

@posed of

16



Boeing's V&V Conceptual Data Model

Decision Making

Change
Request

Types of Data Models

@@thﬂaﬂ Industy / Enterprise

Identifies domain concepts
-

‘M‘ Program / Organization

Defines data structure and how it connects
A, T

Software Application

Current
Tocus

Describes the database implementation of the data model

<insert design process>

in response to

Evaluation
Result

references

Evaluation
Artifact

part of Issue contributes to Cé]\?:rﬂe affected by

related to

produced by

produced by

Evaluation

Plan

Design
Element

precedes

Evaluation

type of

evaluates

—

executes

Evaluation
Case

uses

\@lation

contributes to supports

requires

\@ZUFCG ‘ =

Verification & Validation

records

Configuration

Act% uses

executed in

S

conforms to

Procedure

requires

Environment

realized by

Evaluation
Resource

@posed of

17



Boeing V&V Logical Data Model Examples

Types of Data Models

Col al

Identifies domain concepts

Industry / Enterprise

package Logical Data Models [ Representative Legacy BDS Data Model ]J

Design
Element
Requirement

attnbutes

Evaluation Case
Verification Requirement

attnbutes

Milestone

Verification Event

attnbutes
+PUID : String [1]
+description : String [0..1]

Evaluat;?vnA Action

TSUPPOI LEUD!

+supports |0..*

Evaluation Procedure

atinbutes
0.1 |+UUID : String [1]

Missing

Concepts

+PUID : String [1] “covers

+PUD : String [1]  |ollt I
+text : String [0..1] |

: String [0..1] 0. 0.
+successCriteria : String [0..1]

Activity *“f“‘BV Evaluation Artifact
attnbutes - i ion Artifact
+PUID : String [1] prod attnbutes

+description : String [0..1] o~

0.* |+PUID : String [1

Evaluation 1
1 Result 1

+verificationStatus : String [0..1] U]
i T o | e
Program / Ofganization o
Current g / J— 0.1 Resource Configu_‘l_'altiop I EvaFI,llj:r:mn 1
= = i onfig [ rticle C i
i 0.1 ’I—I 1 1
Focus §| Defines data structure and how it connects Notional BDS oo sl __ ———————
+description : String [0..1] +usesFaciityConfig [z ility ¢ i
- A, o |
Exal I lple Evaluatioil Environment
. . +facilityCategory [0..1
Softvva re Appllcatlon Facility Category Facility Evaluation Resource )
attnbutes mee s attnbutes Jse— +uses, _0..
. f : Geserpton Strno 0.1 | Ldmscrtion Sting [0.11 0. et
Describes the database implementation of the data model
Milestone | Evaluation Plan
BCA[ p ive BCA Data Model 1) i
attnbutes attnbutes
+UUD : String [1] +UUD : String [1] =
" +description : String [0..1] +description : String [0..1] i
Design Element - - I Resource |
Configuration
Operati i Evaluation Action Evaluation Artifact 1 9 1
Evaluation Method [o.* By (0.7 T -
m v Evaluation Case ‘mtm' p . produces mg gj:rﬂ:e:] :
Design attributes J=tutes 0.+ 1.2 : String [0.. : Evaluation
oo attrbutes +evaluationlfethod [0.1] et [ i +storageLocation : Storage Options [0..1] 1 R
ogical Element |—pt_yyp . g (1] -evalutes)| -evaluatedBy | ssuccessCrieria : String [0.1] 0.7 0.% | etimatedpuration - Time [0. 1] |- ooy #4BY “hasType 0.1 R SSSOLICE
iption : String [0..1] fo_* T 0.7 |+purpose : Evaluation Purpose [0..7] : —! E e
RequirementI—? | +requiredBy [0.*  +uses [0.* AR
T +hasinstances |0..*
,: Evaluation Procedure Exslsation’Artifact Instance
~usedin |
0.% «uun;;:r”‘:;tﬁ] 0.1 +references [0.*

Notional BCA
Example

Evaluation Environment
Evaluation Environment

+requiresEnvironment +executedin

+producedResult

Evaluation Result
+felerencesoy | I

Evaluation Result
attributes
+UUID : String [1]

l

attnbutes
0.1 |*UUID: String [1] 0.1
+description : String [0..1]

0.*

+status : Status [1]
+duration : Time [0..1]
+startDate : Date [1]

Data model mapping allows for alignment while maintaining business specific vocabulary

18



Boeing's V&V Infrastructure

Key Characteristics: 1) Loose coupled 2) Horizontally scalable 3) Near real-time responses

STREAMING PLATFORMS

“Smart ends, dumb pipes”

» Decentralization of control of logic, orchestration, and transformation to services

« Allows applications and services to adapt and change at their own pace

* Enables automation and orchestration to respond in near real-time

Types of Data Models

@@thiu]@ﬂ Industry / Enterprise

Identifies domain concepts
o A

‘M‘ Program / Organization

Defines data structure and how it connects

— A,

Software Appl

Describes the database implementation of the data model

Cation

Current Focus

Publisher ®—write——>i CEN | ...

Writes in accordavce
with topic’s defined

dota schema(s)

/ ...........

read

older

CE-6

CE-5

1t

o1

read Consumer #2

Event Stream /

N\

Change Event topic
Evaluation Result Topic
<insert other topic>

Change Event
data schema

e
7 \ N}
@ W
JSON JSON JSON

Evaluation Result /¢t event

data schema

data schemas

19



Boeing's V&V Infrastructure

Decision Making

(D)
Y 9%

Change Stakeholders

¢ ¢

o

-

K

|

notification,
visualization,
etc.

user inputs

Change
Management

] change event,
evaluation result,
others

change update

<insert design process>

s

System-of-Interest
Engineer

‘ response query
C S ’) API call data
engineering — -
data I Common API I
engineering I Data Translation I
data JEE " Producer | | Consumer |
L
Authoritative event event
Source(s)
:
o dardized and vers
change Stavdardized and version

event € controlled data schemas

Repeatable pattern
for exposing data

Verification & Validation

V&V ENVIRONMENTS

P——N notes,
result

Etc.

evaluation
request
evaluation
artifact
Artifact Storage
S . evaluation p— p— J
V&V Orchestration artifact o= &

CI/CD Server |

Object  Log File
Storage  Storage

—

evaluation
result

[
change
event change
event

Event Stream HT

ITI

< e ]

Change Event topic
Evaluation Result Topic
<insert other topics>

Key Characteristics: 1) Loose coupled 2) Horizontally scalable 3) Near real-time responses




Why are we

sharing?

@_ﬂﬂflﬂﬂ

.

.

BOEING SAFETY MANAGEMENT SYSTEM POLICY

In everything we do and in all aspects of our business, safety is our foundation. We strive for
first-time quality, and hold ourselves to the highest ethical standards as set forth in our Code of
Conduct and POL-2, “Advancing the Boeing Principles.” Our Safety Management System
ensures the safety, quality and compliance of our products and services for the people who
entrust us with their lives when they operate, maintain and fly on our products.

This requires our unyielding commitment to the following:

We commit to a Safety Management System to advance our goals for safety, quality
and compliance.

We foster a Positive Safety Culture that enables proactive identification and mitigation of
risks in order to prevent accidents, injuries, or loss of life.

We ensure allemployees understand the requirement to report any safety hazard, incident, or
concern, and can do so without fear of retaliation.

We promote aJust Culture where everyone trusts they will be treated fairly; and
understands there is a line between acc ble and unacc ble behavior where
appropriate accountability lies.

We openly communicate safety actions being taken while appropriately protecting the safety
data and safety information driving those actions.

We clearly define the responsibilities of all employees so that everyone understands their
roles in ensuring the safety, quality and compliance of our products and services.

We elimi rmitigate p safety, quality and compliance risks associated with our
products and services which must include meeting all applicable requirements and regulations

We respondtoemergencies with appropriate urgency and resources in accordance with our
emergency response plans, to safely transition from normal to emergency operations and back.

We use acti key perft
of our Safety Management System.

metrics and targets thatdrive continuous improvement
We allocate sufficient resources (people, processes, tools and training) to supporting
this safety policy.

We ensure all employees understand that we all have a daily obligation to pursue
safety, quality and compliance as described in this safety policy.

Qoo (e L T St fop

%%M WM E DA Y

SMS IS HOW WE WORK

Copyright © 2023 Boeing. Al right
Rev A

https://www.boeing.com/principles/safety.page

“Each of Westrum'’s organization types, because
of its communication patterns, represents a
different..buildup of latent pathogens in the
human envelope. Effective communication
is vital for identifying and removing these
latent pathogens”

— Handbook of Aviation Human Factors

21
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