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Join us for

the Annual INCOSE International Workshop

Premier Systems Engineering Workshop

E KX
ROAD TO @& #IW2025 7" 555

Hybrid Event

Barceks Sevlla Renacimiento
: Awanida Alvars Alonso Darba,

Sevilla, 41092 - SPAIM

Digital Engineering and System Family
Engineering - Innovating at the Speed of

Relevance

Webinar 05/09/2024 — INCOSE Product Line Engineering WG

Presenters:

James Teaff, Raytheon, an RTX Business

A

Raytheon Electronic Technical Publication Requests (eTPCR) ID# RIS-21657 Digital Engineering for a System Family Rayt heo n
AnRTX Business
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—~=, PLE WG Webinar Series- Road to IW 2025
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With the INCOSE
International
Workshop 2025 in
Seville swiftly
approaching, it seems
an opportune moment
for the PLE WG to
Initiate a new series
of 4 webinars that
have at the center the
adoption of feature-
based Product Line
Engineering.

%4
ot

e SJEBNGe 2"d October 2024
X1

1 INCOSE Product Line Engineering Working Group
INCOsE Presents ROAD to IW 2025:

“Digital Engineering &
System Family Engineering:
Innovating at the Speed of Relevance”

with James Teaff, Senior Systems Engineer
@Raytheon, an RTX Company

When

5 September 2024 - 50-minute WEBINAR

11:00 am EST time (New York) »
05:00 pm CET time (Paris) Register
08:30 pm IST time (New Delhi)

December 2024




N INCOSE PLE WG Community - Growth
' SE

+ 28 % members in less
March 2024 — 421 members tha“ 6 months

September 2024 — 538 members

Members + 421

Members + 538

QiS0080

Join the PLE force and end the clone

Q0000

Join the PLE force and end the clor
wars [INCOSE YCcode: ple]

l Pinned \4‘§r< [INCOSE YCcode: ple]
Info Vi
PLE Working Group
Conversations About Files Events Community resources
Pinned

PLE Working Group Q) e

@ < 8 SharePoint library
Share thoughts, ideas, or updates - . s - ’ Add files or links that are
®  SharePoint site Conversations  About Files Events
important to this community.

- % OneNote

#  Planner =
Share thoughts, ideas, or updates

Community resources

All conversations Recent posts
-
a Discussion a Question Q Praise — i us]
®  SharePoint library
@ SharePoint site
All conversations Recent posts

@  OneNote




INCOSE James Teaff

James wrote his first line of software as a professional in the early 80’s while working
for a small tech startup.

Subsequently over the past several decades he has worked for numerous commercial
aerospace and defense contractors across the full system development lifecycle in
multiple roles, from R&D principal investigator, to Chief Architect, Engineering
Department Manager, Systems Engineering Lead, Requirements Analyst, Scrum

Master, Software Engineering Lead, Test Lead, 2nd tier operations &
maintenance support, and more.

James holds a Master of Engineering in Engineering Management degree from the
University of Colorado, a Bachelor of Science degree in Computer Science from

Colorado State University, and a graduate certificate in information systems
security from Regis University.

He is an INCOSE Certified Systems Engineering Professional (CSEP), and is an active
member of the INCOSE Product Line Engineering International Working Group.
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Dlgltal Product Development - The DoD “Digital

Trinity”

H Jl:!l:l++ ; F3™ ) ||| Coom A p';s’(”_'a/,dls
— Patran (RSN
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5 MissileKit
& A Oswdic
& PﬁM + T python
creo Ti User Internal CM 3 .
‘.’ rans Authentication @ Jenkins
@ windchill | L
- ‘\ MATLAB
2 ptc E @ SIMULINK
GMSHH Publlsh ! PHOENIX'
Subscribe Aggregation Jf' ¥ EERS
& _""r't" modeFRONTIER
pr— [ sotware
/il i DOORS Next Generatior ﬂﬂ VO LTA
e : @ h!‘- EE

INTEGRATED SECURITY

CI/CD PIPELINE

E=

|
|
|
|
i
|
|

SW Factory “Dev”

Operations “Ops”

Ok Lo s

Future Airborne Capability Environmeng one

OMS

Sensor Open Systems Architecture

Raytheon's integrated, gen-Branded
technology investments

Digital Engineering

An integrated digital approach that uses
authoritative sources of system data and
models as a continuum across
disciplines to support lifecycle activities
from concept through disposal

Agile Software + DevOps

Software development practices and
techniques that provide continuous
integration and continuous deployment
(CI/CD) to support rapid iterative
software evolution

MOSA Open Systems Architectures

Standards-based architectures that
define modular systems where
components can be added, modified,
replaced, removed and/or supported by
different vendors throughout the life cycle

These methods combine to accelerate the delivery of new capabilities to the warfighter at the speed

of relevance

Policy and Guidance — DoD Research & Engineering, OUSD(R&E) (cto.mil)
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Py US DoD AAF & Digital Trinity IS ...

cfn:ggnrl‘-tty I II . %
Acq uisition oD ;
Modern PLE enables US DoD Adaptive - o - g
s e ieldin > =2
Acquisition Framework (AAF) pathways* P i I pm’izf;‘.img FE:” I— 2
US DoD telegraphing preponderance of feadsttion T8 e ] I i
future acquisitions will use the Urgent Ms A MS B Ms C o Foc 2
Capability; Middle Tier; and/or Software " capabity i‘{t" I Murtion g I Wiinifscting I s g
. ., . . A isiti nalysis 15 eduction evelgpmen eploymen
Acquisition pathway to foster innovation and <
rapid adaptation | software I =, I PR o SO
. ] Acquisition e
The new norm is sets of shorter-duration ) =l o o
contracts to acquire, operate and sustain a AP ATP AP AP
1 1 1 \.__' DE“_GI'ISO Capability Solution @ Re E:}g%ﬂ;’;}:and Acquisition, Capability
family of systems vice a single large, decade- Business [, Neeq onfAnaivis | “Acqustion | bemioument | Supor
o ystems anning
long contract for a single system | Business Canabiity Acouisition Cecle
The Digital Trinity vision publications and PLAN DR L
. - \. Acquisition - - . 2 o ﬁ3 o ?. o 5I : 6 . 7
subsequent directives from the US DoD are ofservices M "0 Clfient Market Require- Acquisin Strategy Performance
Team  Strategy Research ments Strategy

driving a new model for production,
operations and sustainment reflective of

commercial industry systems and methods AAF Pathways Enable Moving — and Innovating - at the

Speed of Relevance, reflecting Modern Commercial
* See reference below

Industry Systems and Methods

Policy and Guidance — DoD Research & Engineering, OUSD(R&E) (cto.mil)
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Engineering of Defense Systems is ...

-

. ~\\

INCOSE

Digital Threads

— Bidirectionally linked authoritative
models and data supporting engineering

Digital Twins

— Virtual representation of a physical

SYSTEMS ENGINEERING & ARCHITECTURE

system
TECHNICAL HIGHLIGHT: FEBRUARY 2024
ENGINEERING OF DEFENSE SYSTEMS Digital Twin Concept
Digital Modsls
s : Synchrontzed Pailr
g Pl The Department of Defense (DoD) uses data-centric approaches to inform decision making. Modernizing Fredictive ;Eprﬂﬁﬂt':at';nst'_ﬂ
-3l the traditional approach to developing systems (systems engineering) requires digital methodologies, Componant or system that 15 (Changes over time)
w = ; : o 7 ? ; : o : : : : L updated during development and
g g technologies, and practices (digital engineering). This fusion of traditional engineering rigor with digital xesad on data s p
:::_5 -fll data strengthens the comprehensive engineering process, as digital models and the underlying critical secon mm ana Y_E"S an Monitoring Data
[ test. Used during design.

data advance the Department'’s ability to design, develop, deliver, operate, and sustain systems.

Virtual System Model

« Provides insight on system
functionality
. Includes system design data:

° Materials

a

Dimensions

a

Operating parameters
g 1.0 g @ throug Y ¥ @ Structural

Digital engineering moves the primary means of ® Dynamic performance
communicating system information from documents to
digital models and their underlying data.

Digital engineering does not replace systems engineering
but moves the activities into the digital realm.

“DATA IS KEY  Policy and Guidance — DoD Research & Engineering, OUSD(R&E) (cto.mil) Figure 2. Digital Twin

Raytheon Company - Approved for Public Disclosure
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Digital Trinity for FoS - Add SFE / PLE
I NC QS E Adg :nyq/ﬁ;em

Engineering

Government Reference

System of System : Design Family of
System Requirement A rc h I te Ctu re Verification System

Preliminary Design

S e

Visualization

« Campaign Simulation
« Mission Simulation

« Effectiveness

Simulation
« Operation Simulation
« Subsystem Simulation

Configuration Management/ Data
Management/ Model Management

XML Metadata Per [?r._ Ropgr’s bri.efir.wg, US DoD
Interchange acquisition viewpoint includes
(XMI) Family of Systems using System
Family Engineering aka Product

---Product Lifecycle Management-- Line Engineering

U.S. Air Force Digital Campaign Virtual Industry Exchange Day, Sept 21, 2020. Slide 39.
Dr. Will Roper, Asst Secrety of the Air Force for Acquisition, Technology and Logistics
https://www.afmc.af.mil/Portals/13/AF%20Digital%20Campaign%20Industry%20Exchange%20Day%20Combined%20Slides_Final%20v1.pdf
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ISO/IEC 26580:2021 ErAgh L kug Engineanifis A PG
Software and systems engineering — Methods and tools e

for the feature-based approach to software and systems
product line engineering

https://www.iso.org/standard/43139.html

« Adds effective, efficient product variation
management to digital thread elements
The Feature Model becomes the

Feature-based Product Line
Engineering lets you build

~ your product line portfolio as
a single production system
rather than a multitude of
individual products.

authoritative source of truth (ASoT)

for product line variation definition and

management across the entire digital
ecosystem

Raytheon Company - Approved for Public Disclosure
This document does not contain technology or technical data controlled under either the U.S. International Traffic in Arms Regulations or the U.S. Export Administration Regulations.


https://www.iso.org/standard/43139.html

INCOSE

A digital asset factory — part of an Integrated
Digital Environment (IDE) - provides an efficient
means to create and maintain a family of products
that “share technical DNA”

Key concepts are:

— Feature Catalogue (Feature Models) that
defines the product (variant) features

— Supersets of shared Digital Assets

— An automated means to create Product
Variants (the factory configurator) composed
from shared Digital Assets per an intentional
Product Line Architecture (PLA) as defined in a
Bill-of-Features Portfolio

The IDE and continuously evolving shared
asset supersets are critical to innovating at
the speed of relevance

https://www.1s0.org/standard/43139.html

\\
\

How ISO/IEC 26580 FbPLE works ...

FEATURE CATALOGUE BILL-OF-FEATURES PORTFOLIO

m{ii =
TS

b PLE
FACTORY

CONFIGURATOR

SHARED ASSET SUPERSETS
PRODUCT ASSET INSTANCES

Staging Area

Figure © INCOSE, used with permission

Automated Product Variant Production, Operations
and Maintenance using Product Rules to verify

product variants, prevent quality escapes, enforce
EX/IM laws, and similar

Raytheon Company - Approved for Public Disclosure
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FbPLE Foundationally Uses Features as the

INCOSE

ISO/IEC 26580 FbPLE uses features as the lingua

franca — common language — to describe products

* A Feature is an abstract description of the form,
fit, & function of system elements

 User: “I need ...”

« Eliminates the communication “impedance
mismatch” between user/warfighter,
purchasing/acquisition, systems engineering,
software engineering, test, certification, ...

» Features can be invariant (common); or variant
(different for each fielded systems)*

 Feature-based engineering is a mature, widely
adopted approach:

Common Language

Feature-Oriented Domain Analysis (FODA)
Feasibility Study

Kyo C. Kang
Sholom G. Cohen
James A. Hess
William E. Novak
A. Spencer Peterson

November 1990

Software Engineering Institute
Carnegie Mellon University
Pittsburgh, Pennsylvania 15213

* Product line engineering
* Agile software development
* Manufacturing

« Behavioral Features
e Structural Features

https://www.iso.org/standard/43139.html

* ISO/IEC product feature = a variant product feature in our lexicon

Raytheon Company - Approved for Public Disclosure
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-
ISO/IEC 26580 FbPLE High Level Iterative

Process

e - LN
i Y
INCOSE
Q >

System

Family of Interest (SFol)

Perform Feature-Oriented Scope, Commonality and Variability Analysis

!

Create product (variant) Feature Models

\4

Capture Stakeholder Requi

rements || Synthesize System Requirements

Create System Models

Create Architecture Models

Create Hardware Desig

n Models || Create Software Design Models

Fabricate Software

Acquire Software

Simulate System

Fabricate Hardware

Acquire Hardware Etc.

https://www.iso.org/standard/43139.html

4484261-002r2

Raytheon Company - Approved for Public Disclosure

Software
Subsystem ’
Requirements

Consolidated ALM/PLM/PLE Lifecycle
A, - Variation Points

Feature Model + Feature Profiles + Bill-
of-Features Portfolio efficiently manage
variation across the full lifecycle for all

categories of digital assets for the
SFol

This document does not contain technology or technical data controlled under either the U.S. International Traffic in Arms Regulations or the U.S. Export Administration Regulations.
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The Feature Model is linked
to the other authoritative
models and data formin

digital thread

1ISO 26580

Product Feature

describes

Variant Product Functions
(behavioral features)

\

Variant HW & SW
Form & Fit
(structural features)

manages variations of

Dlgltal Threads = Bidirectionally Linked Models

Requirements

Customer Level

*\\\\

System Level

Product /
Subsystem Level

Component Level

https://www.iso.org/standard/43139.html

/ »
D(iﬁ% ws (UP

C ablllty Vlew
/

Cappbilities

y

=3

Services Viewpoi

Entefprise Services

Systems Viewpoint

System Functions

AN

Problem Domain
- Black Box

- Abdtradt Functions
- White Box

- Abstract Parts

- Abstract Runctions

S N

\

Solution Domain

- Sys/Subsys/Component
Functions

- Sys/Subsys/Component Parts

Software Architecture & Design
(UML)

Solution Domain

- Sys/Subsys/Module
Functions

SW Deployment
(form/fit)

T

Mechnical Design
Models

Electronics Design
Models

Parametric Analysis
Models

Etc.

Raytheon Company - Approved for Public Disclosure
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Hypothetical SFol
INCOSE

«Block» <Block»

- Let’s apply FbPLE + DE + Dev*Ops + MOSA OSAs to a L . VehideGroundControl
hypothetical intelligence gathering system (H-IGS) as depicted, DA
concentrating on the FbPLE aspects
- Today’s cyber-physical systems must survive in a constantly e
changing threat environment

«Block»

- Cybersecurity controls and cyber resiliency capabilities require e el i
continuous delivery to meet this challenge 1

— EX/IM requires product feature variations S it 5
— Evolving threats require product feature variations

— Technology advancements require product feature variations

— Different price points require product feature variations “The key to FbPLE is automation through a product line engineering

factory. At the factory’s center is a rule base used to verify and validate
— Andsoon... each system variant created by the factory. A rule base is a specialized

- Using a rule base as an integral part of a systems and software knowledge base obtained from subject matter experts and digitized as
product line engineering factory enables automated, continuous a set of rules. A product rule is a system constraint represented in a

S S . rule base as an assertion. Each assertion is a Boolean expression - a
verification & validation of the cybersecurity controls and cyber S P
true or false expression.

resiliency features ensuring the system continues to function even VVWJMWM
under extremely disruptive conditions

Teaff, J. (2020), “Rule-based Verification of System Security using Feature-Based Product Line Engineering”, Insight
Magazine, Volume 23, Issue 3, September 2020, (http://onlinelibrary.wiley.com)

Raytheon Company - Approved for Public Disclosure
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Feature-Oriented Scope, Commonality and
INCOSE Variability Analysis

- The H-IGN product portfolio supports three primary @23ductionuneease HIGN" [ r—

0 - o Matrices

Val’la'[IOHS o~ [ Imported Production Lines —
) ] ) ¢ @& Mixins SensorPlatformControlModes €23
— Small area of interest (AOI): line of sight UxV control & PR Mixin Features
i i 8 & g;%dchIJ?FSI::ttfi?r:gsntrolr‘1 odes =]

and one analyst such as covering a city block P Sensormat
— Medium AOQI: less than 200 square miles and up to L

five analysts such as covering a city SensorPlatiormControlbodes ()

Set

— Large AOI: less than 125,000 square miles and up to B

twenty analysts A

- FO-SCV analysis begins with eliciting what product B [l

(GroundControl @] (Autonomous @]

features are in scope for the product line, followed by U aom [ Aom )
determining what features can be common (invariant);

and W_hat feqtures need to be variant (different H-IGN Sensor Platform Control Modes Product Feature Model
form/fit/function)

. ) The H-IGN system supports the following sensor platform control options:
- Variant product features are modeled forming the ASOT | . continuous active ground control

for variation for the SFol « Autonomous vehicle control

Teaff, J. (2020), “Rule-based Verification of System Security using Feature-Based Product Line Engineering”, Insight
Magazine, Volume 23, Issue 3, September 2020, (http://onlinelibrary.wiley.com)
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= The Factory Rule Base
INCOSE o

i

WirelessCOMMS €2 LineOfSightCOMMS €2
“Creating and using a rule base begins with analyzing the cyber-attack surface ?_et et
for each system variant in the product portfolio. Systems engineers then design B ]

invariant and variant system capabilities for each fielded system addressing the /
identified attack vectors. The factory uses product rules to automatically ensure — = o

L L

each output product configuration is secure, delivery after delivery to the field.” - — -
RF Microwave &2 (BasicLOSCOMMS ‘.Z,q
Set Set | Atom J

M\/"\/\va\f/\j"\/\\/\\,,\ g ]
| |

- The cyber-attack surface analysis for the H-IGN system
identifies the ground control to UxXV communications system o [

(COMMS) as an attack vector. Potential attacks include: [BaS‘CRFCO"'”“S ‘3’} [Bas‘d‘"‘°r°W3"eCO""”‘“‘S @)
Atom Atom

— Passive data interception

_ Covert data modification Subset of H-IGN COMMS Variant Product Features

— COMMS disruption “All product variants shall encrypt data”, and “RF COMMS
shall use a frequency hopping algorithm”

- Product features are modeled based on the attack vector

- Product rules are digitized ensuring inclusion / exclusion of Assert ((COMMS.COMMSTypes. WirelessCOMMS RF >=
the requisite product features {BasicRFCOMMS}) REQUIRES (COMMS COMMSCybersecurity.

EncryptionAlgorithm = {EncryptionAlgo Alpha}));
— EX/IM, ITAR, operational environment considerations, Assert ((COMMS.COMMSTypes. WirelessCOMMS RF >=

fielded product variant capabilities, and similar {BasicRFCOMMS}) .
REQUIRES (COMMS.COMMSCybersecurity.

FrequencvHoppingAlgorithm = {FreqHopAlgo Bravo}));

Teaff, J. (2020), “Rule-based Verification of System Security using Feature-Based Product Line Engineering”,

Insight Magazine, Volume 23, Issue 3, September 2020, (http://onlinelibrary.wiley.com)
Raytheon Company - Approved for Public Disclosure
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The Digital Asset with Variation Points

INCOSE

- The final step is to create digital assets, add
variation points - planned for, controlled points of
variability in assets to accommodate a specific
operational context — and create the logic for the
PLE Factory Configurator to exercise the
variation points; that is, to configure the assets
using one or more feature profiles in a bill-of-
features

When (true)
Select "Nonsensical COMMSModule.java"
{
If (NOT (COMMS.COMMSTypes.WiredCOMMS >= {BasicWired COMMS})) {
DeleteBlock Java "FooTag";
}
If (NOT (COMMS.COMMSTypes.WiredCOMMS >= {EnhancedWiredCOMMS})) {
DeleteBlock Java “BarTag";

}
StripBlockDelimiters;

Note: extremely trivial example - typically, you would
instrument digital assets with much more industrial-
strength variation points based on the product feature
models, including injecting strings, floats, integers, ...
when projecting the digital assets to the staging areas

package com.Raytheon;|

public class NeonsensicalCOMMSModule {

= public boolean doMNothing () {

L RV I T

'* BeginGearsBlock Java FooTag
System.out.println{"Foc™);
"/ /* EndGearsBlock Java FooTag

Wwooa

&

* BeginGearsBlock Jawva BarTag
System.out.println("Bar");
'//* EndGearsBlock Java BarTag

= = |
d Ba

return true;

3 | -]
N s S =%

[
L

=
Wooa

I
bt

[ =]
[xx]
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) MthOdS to enable secure & efficient p.I‘OdUCtIOI’l and Patterns for Success in the Adoption and Execution of
maintenance where the system comprises Feature-based Product Line Engineering:
unclassified and classified - at varying levels — A Report from Practitioners
content
C MBSE fOI' SFOI,S beSt pl"aCtICGS . MBPLE Lsf)lzskalile:dggrg‘ril General Dy]i::;isH;zz?ou Systems
n . . ' . 199 Borton Landing Road 12001 Research Parkway, Suite 500
. Capab|||ty_r|ch, |ncrea3|ng|y mtegrated tool vendor Moorestown, New Jersey 08057 USA Orlando, FL 32826 USA
+1 856 359 1636 +1 407 275 4820
Support (IDE) susan.p.gregg(@lmeco.com David. Hartley(@gd-ms.com
- Methods for verification and validation where human General Dy Moo Systems The Bosns ooy
safety is involved; and/or where the fielded system 12001 Research Parkway, Suie 300 g 1 Campue Parkway
1 1 1 1 1 1 +1 407 275 4820 +1 314 563 5967
CannOt be eaSIIy malntalned eg’ a Satelllte In Orblt Morgan. McA fee(@gd-ms.com Randy Pitz@boeing.com
® Over tWO decades Of researCh at the SOftware James Teaff Paul Clements
E 5 2 Raytheon Intelligence, Information and BigLever Software, Inc.
Englneel’lng |nStItUte (SEI) 4 ! Sgervices t 10g500 Laurel Hill Cove
] . 16800 East CentreTech Parkway Austin TX 78730 USA
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° And more ... Copyright @ 2019 by Susan Gregg, David Hartley, Morgan McAfee, Randy Pitz, James Teaff, and Paul Clements.
Permission granted to INCOSE to publish and use.
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Solutions

¥ INCOSE Joint Webinars
MthOdS to enable secure & efficient p_roductlon and Patterns for Success in the Adoption and Execution of
maintenance where the system comprises Feature-based Product Line Engineering:
unclassified and classified - at varying levels — A Report from Practitioners

content

MBSE for SFol's best practices = MBPLE oo ey i

General Dynamics Mission Systems
. B . . . 199 Borton Landing Road 12001 Research Parkway, Suite 500
Capabmty-nch’ |ncreas|ng|y |ntegrated tool vendor Moorestown, New Jersey 08057 USA Orlando, FL 32826 USA
+1 856 359 1636 +1 407 2754820

support (|DE) usan p.gregg@lmco.com David Hartley@ gd-ms.com
Methods for verification and validation where human Morses McA fee ey T

General Dynamics Mission Systems The Boeing Company

Safety is involved; and/or Where the ﬂelded System 12001 Research Parkway, Suite 500 5775 Campus Parkway

Orlando. FL 32826 USA St. Louis, MO 63042 USA

cannot be easily maintained e.g., a satellite in orbit i e Halea )

Morgan McA fee/@gd-ms com Randy.Pitzi@boeing.con

Over two decades of research at the Software James Teaff Paul Clements
Raytheon Intelligence, Information and BigLever Software, Inc

Engineerlng |nStItUte (S El) Services 10500 Laurel Hill Cove

16800 East CentreTech Parkway Austin TX 78730 USA

Not to mention ongoing research at the INCOSE 1,398 944 Sap TLIR T

Aurora, CO 80011 USA pelements@biglever.cot

PLE IWG James K Teaffi@Ravtheon.com
And more ...
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Thank You

Question Time!

Contacts:

@ Marco.forlingieri@incose.net

8 productlineengineering@incose.net
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INCOSE Abstract

» Starting October of 2020 Dr. Will Roper, then Assistant Secretary of the US Air Force for Acquisition,
Technolog¥], and Logistics, published a set of whitepapers descnbmg the use of a digital trinity of methods to
transform the U.S. DoD acquisition process to meet the needs of today’s warfighter. Combined with DoD
Instruction 5000.02 Operation of the Adaptive Acquisition Framework {AAF), published in January of 2020,
and related memorandum, the DoD established the requirement for industry, academia, standards consortia,
and similar to innovate at the speed of relevance. Originally described as digital engineering + agile software
+ open system architecture, the digital trinity is now more commonly described as digital engineering (DE) +
development-operations “plus” (Dev*Ops) ¥+ modular open systems approach (MOSA) open system
architectures (OSASs). Initially focused on a system of interest (Sol), subsequent briefings from the DoD and
analysis by industry recognized the requirement to expand the focus of the digital tr|n|t§ to a system family of
interest (SFol). Modern product line engineering (PLE) as codified in the ISO/IEC 26580:2021 standard
establishes a system and method that augments the digital trinity for SFols, enabling the DoD and defense
contractors to innovate at the speed of relevance. This presentation and accompanying whitepaper describes
the augmented system and method of PLE + DE + Dev*Ops + MOSA OSAs — what'it is, how it works, and its
value / return on investment (ROI); and then demonstrates its application using a hypothetical intelligence
gathering and analytics SFol. This paper also describes common challenges for using the product line
engineering + digital trinity system method, with recommendations for overcoming the challenges.

Challenges addressed inClude funding SFol’'s conformant to the Federal Acquisition Regulation (FAR) and the
Other Transaction Authority 1OTA) legal instrument; and forecasting value / ROl using an augmented version
of the Software Engineering Institutes” Structured Intuitive Model for Product Line Economics: SIMPLE++.
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