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Meeting Agenda / Contents Summary

Introductions, meeting objectives, agenda plan

MBSE Patterns WG mission, identity, focus

Alignment with INCOSE Strategic Plan

Packaging INCOSE products 10 slides
Recent and current projects

Informal discussion, questions

Adjourn

Attachment: Additional information on WG projects
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Working Group Purpose & Mission

Transformation
Mission: Enablers
The mission of the INCOSE MBSE Patterns Working Group is to
advance the availability and awareness of systems engineering TechOps Domain
practices and resources for impactful creation, application, and
ongoing improvement of recurring model-based patterns employed 1 40
as representations over managed em life cycles.
P R e Members
We were established as, and remain a part of, the Joint INCOSE- 201 3
OMG MBSE Initiative.
Established
Most of our work is carried out in partnership with other INCOSE
Working Groups and other technical or professional societies.
Chair
Bill Schindel
Co-Chair
VISIT THE JOINT INCOSE-OMG MBSE Troy Peterson

PATTERNS WORKING GROUP MAIN
WEBSITE

Joint with OMG:
* Our WG is part of INCOSE-OMG MBSE Initiative

CLICK HERE

Who are we?

* Qur most active members come from

diverse domains:

Aerospace

Advanced Manufacturing
Automotive

Consumer Products
Defense

Health Care, Medical Devices,
Pharmaceuticals

Others

* During the last ten years, over 200

colleagues have participated in Patterns

Working Group activities:

Team meetings, work sessions,
tutorials, projects, collab with other
groups.

Construction of system patterns.

Writing related publications for
INCOSE and other technical
societies and textbooks.

Invited presentations to INCOSE
chapters.




Relevance—much more than “model templates”
Patterns are. ..

» Recurrences (regularities), across time, locations, projects, products, customers,
applications, people, companies, or otherwise;

* the basis of all known laws of the physical sciences for the last 300 years;
* the basis of theoretical foundations of the engineering disciplines;

* the basis of human cognition and reasoning;

* the basis of learning--by individuals, groups, and machines--to go faster;

 what we did not learn when we repeatedly miss the same opportunities or
make the same mistakes again and again;

* the foundations of competencies, technical education, and formalized standards;
* the basis for resistance to change, whether as discipline or inertia;

* how we wake up to a mostly recognizable world each day;

 described by fixed (invariant) and variable (parameterized, configurable) aspects;
e described informally by natural language;

» described formally by models of science, engineering, and mathematics (STEM);

e describe engineered products, but also the ecosystems of engineering, life cycle
management, information systems, and socio-technical systems in general.




Configurable, re-usable system models:

Focus of MBSE Patterns Working Group: 2¢,
S*Patterns in Particular

1.

. S*Models are created and managed in diverse COTS modeling tools using

. Re-usable, configurable S*Models are called S*Patterns.

. These are typically system-level patterns (models of whole managed systems,

Models containing a certain minimal set of elements are called $*Models
(S* is short for “Systematica”).

. Those underlying elements are called the S*Metamodel, which was inspired by

the unmatched success of the physical sciences and impact of STEM.

. S*Models using those elements may be expressed in any modeling language

via formal mapping (e.g., in OMG SysML, or in other languages).

diverse modeling languages.

By “Pattern-Based Systems Engineering” (PBSE) we mean MBSE enhanced by
these generalized assets to enable model configuration from trusted patterns.

platforms), not just smaller-scale component design patterns; including
ecosystems of engineering, production, sustainment, life cycle management. 5




2013: Began as Part of Today: Aligned with INCOSE

INCOSE-OMG Initiative Strategic Objectives
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Began 11 years ago, as MBSE Initiative Patterns Challenge Team:

— Started in 2013 as part of the joint INCOSE/OMG MBSE Initiative.
— Three years later (2016), formally became the INCOSE MBSE Patterns Working Group.

— Because of our working group’s MBSE focus and continued support of the MBSE Initiative,
we continue to also be listed as part of the Joint INCOSE/OMG MBSE Initiative.

* Our WG'’s technical web site remains part of joint OMG-INCOSE MBSE wiki.

— Most of our projects are collaborations with other technical societies & other INCOSE WGs.
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INCOSE.org MBSE Patterns WG
Launch Page:

< Return to INCOSE Home

MBSE PATTERNS
WORKING
GROUP

Human life is experienced as recurring system patterns--informal events of
everyday living, organized observation and discovery in physical sciences, and
technically engineering systemic improvement of the human condition.

https://www.incose.org/communities/working-groups-
initiatives/mbse-patterns

Search

INCOSE'OMG MBSE J0|nt |n|t|at|Ve (_)MG ES?%E?EET MBSE Wiki
Web Site for MBSE Patterns WG:

INCOSE/OMG MBSE Patterns Working Group INCOSE/OMG MBSE Patterns

Working Group

Recent Changes Media Manager Sitemap

ms:patterns

The MBSE Patterns Working Group (formerly the Pattern-Based Systems Engineering (PBSE) Challenge Team)

is a component of the INCOSE/QNMG Model-Based Systems Engineering (MBSE) Initiative Resources, Projects

(@ http://www.omgwiki.org/MBSE/doku.php ). The approved INCOSE Working Group Charter is a 2016 References by Subject
update of the original 2013 team INCOSE/QMG charter. The base INCOSE working group page for the MBSE Collaborations, Partners,

Shared Interest Groups

Primary Working Group and
Partners Meeting Materials--By
Event

1. Purpose: Project Working Pages
Working Group Leadership

Patterns Working Group is found
here: &7 http://www.incose.org/ChaptersGroups/WorkingGroups/transformational/mbse-patterns.

1.1. Conceptual Summary

As used here, System Patterns are configurable, re-usable System Models that would otherwise be like those expected and found in the practice of
MBSE (not limited to, but including, SysML madels). Through the availability and use of System Patterns, the outcomes targeted by MBSE models
are made more accessible, in terms of ease (and skill) of generation and use, associated modeling cost, schedule, risk, completeness, and
consistency, etc. Over time, System Patterns become points of accumulation of organizational learning and expertise. Because they are
configurable and re-usable models of families or classes of systems, model-based System Patterns involve some additional methods and

https://www.omagwiki.orqg/MBSE/doku.php?id= emipines that oxnd e tens of MBSE (o 5. Batiom Managemont, Configaration Fuloe, model minmalty ate).

This model-based PBSE approach has been in use for a number of years, applied across enterprises and domains that include mil/aerospace,

nn . .
bse [ patte rnS » patte rn S communications, automotive, medical/health care, advanced manufacturing, consumer products, along with business processes including sales,

engineering, production, and general innovation. The first INCOSE PBSE tutorial was provided at 1S2005, another given at GLRC2012, another at



https://www.omgwiki.org/MBSE/doku.php?id=mbse:patterns:patterns
https://www.omgwiki.org/MBSE/doku.php?id=mbse:patterns:patterns
https://www.incose.org/communities/working-groups-initiatives/mbse-patterns
https://www.incose.org/communities/working-groups-initiatives/mbse-patterns

Nearly all our work projects are collaborations with
partner INCOSE WGs or other technical societies
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Resources, Projects, References by Subject

Foundations
and Paths to
Stronpger SE

The
Innovation
Pattern

Credibility of
Models-Trust
in Patterns

Maps to
Framewaorks,
Schema,
Tools

Domain
Patterns

Howr INCOSE and the sysfems commurnify are visualizing and reaching ouf fo the future. How the INCOSE MBSE Palterns
Wortang Group is pplying & stronger foundation based on the System Phenomenon and fhe history of paftems in the physical
scignces and mathemstics fo enhance snd fransform the foundstion capabilties of Systems Enginsening.

MB5E_Transformation_Mdoption_Pattern_Project

PBSE Introduction, Basic Subjects, Tutorisls, Education

Strengthened Foundations of Systems Enginesring and Systems Science
S*Pattemns--IP Landscape:

Paths to the Futures of Systems Enginesring
Legacy_Product_|ine_Pattern_Extraction_Project_with PLE_WG

Madel Communites Ouireach

The formal sysfems paftem reference framewonk that descnbes sysfems innovstion in ail s forms, configursbie for planning
and analyzing specific plans, stushions. and madmaps. A fremework i which Systems Enginesning (or any system Ife cpole
management) of any method and arganization referencing 15015288 and the INGOSE SE Handbook, and the wse of WESE
Patterns in particulzr can be planned. organized, deployed, analyzed and managed. snd confinuously sdvanced over fime.

Apile_Systems_Engneering_Lide Cycle Management (ASELCM) Discowery Project with ASE WG
Innowation_Collaboration_Ecology_Projsct_with_TIMLM_WG_and PLE_WG

Pattems in the Public Square—innovation in Reguiated Domains

Augmented Intelligence in Systerns Enginesring

Systems Enginesring as 3 Complex System

Innowation Ecosystem Infroduction Project

Models are ncreasingly vsed fo support more critical and impactiul decisions. Models are mcressingly used by peopls or
organizations other than those who authored fhem. Accordingfy; trustin the credibility of models will only become more
important fo manage over ime. What are the principles and practices for establishing, representing. communicating, and
managing trust in mooels over their life cycles? How deoes the credibility of recurming paftems reduce the cost of esfablishing
and maintzining thaf frust®

Model Wrapper, Model Characterization Pattern
Trusted Model Repository Pattern
Verfication_& \alidation_of_Models Project_with_ASME_Sids_Cmiee

There are growing lists of architechursl fameworks, reference archifectures ontologies, mefamodels and similar undedying
semantic construcs, used 25 the basis for models of systems, aufomation fooling, product ines, and ofherviss. ldspping the
Sldefamodil to these prowides an expanded means for undersfanding and using 8 given framework, schema, or tood. This
includes making S*\odels and 5%Patfens fool sgnostic. portable scross mooslng lsngusges, and for supporting aufomated
reasoning and more basic quenes sbout models in diferent sysiems

Mappings to Frameworks, Schemna, and Toaols
Semantic Technologies
S*FPattern Cenfiguration Wiard

S*Fattems are about recumng things within some geners! or namow environment, refemed -
iustrates S'Pafiems across diferent spplcafion domains

General Land iehicle Patiern
primary_flight_sctuator_pattern_and_autom=*
0il Fiker Produst Line P2~

Crifigalte?

Collaborations, Partners, Shared Interest Groups

Most of the projects performed by the INCOSE MESE Patterns WG are performed jointly with other INCOSE Working Groups or with organizations
outside INCOSE, having mutual interests. The matrix below summarizes the different entities we work with, and refers to resulting items in the
Resources, Activities, and Projects matrix above.

On main web site

SE Founaanons ara
PamEts SEaRger

INCOSE WESE Worm Adoption. MIBSE
e Fasio

PESE Intm, Tutorbls. Examples. Engy
Esucation

Foundationsof SEand 55

[Fndsmes

Fam 1o Ruard ot Symems Engraanng

L2y PanSUCE L P Eviar Ban

]

Th s B A

ASELEM Prchict o PRtSS

[ Ererts mncvation Conasoraton
Ecotogy

Paftemiin Pusilc Tguare -no v in
Feguiaed Domadn

s g e i lganc & I SiEtems
Ergnaeing

5 a 2 Comples Sysiem

Mo e Wiran per. Wodd Crarsciarization|
Fatiam

VAV, UO.and Ced Assecoment of
LE =

Maggengs 12812

Emera and
L

Schema, and Took

S ansd T eoh noedgs

08 Fer Froduct Une Famem

CotEalinfrast raciure Pacees

B L & PR oTe. Med Device VWL
Faftem

mibeod a3 InwEgence (8] Patem

e Mamt ctusng 3t

tartxa Fatan

505 Patams




Created multiple historical and recent assets
that could be packaged as INCOSE products

Download

l . INCOSE Semantic Technologies for Systems Engine
Deliverables Technical Product Plan (TPP)

* We have generated valued assets, but in earlier years
judged INCOSE processes for product plans and MOUs
as sometimes too hard to justify:

— In recent years, encouraged by INCOSE efforts to streamline.
— This has led us to consider packaging such products.

» Years of accumulated assets as potential products: Downloadicgs: =
— Phyllis Marbach encouraging us to pursue this, offering help.| —swesmduesveanoetapmne [z
e Recent INCOSE interest in formal INCOSE Standards:

Iﬂ Fagy | [

— Encouraged us to suggest the S*Metamodel as a matured — e
(21 years old) practical formal standard we have continued et e i

to apply across most of the WG projects, improving steadily.

— Already formalized (120 pages), supported by resources.

— Currently provided under Creative Commons CC BY SA
license that permits INCOSE derived version branding.

— Is there interest in pursuing this? E



https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:s-models_and_the_s-metamodel--a_primer_wg_review_draft_v1.2.2.pdf
https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:systematica_8_metamodel_v8.0.58.pdf
https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:incose_patterns_wg_st4se_project_tpp_v2.0_signed.pdf

Current/recent working group projects, activities (See Attachment)

Patterns & Technologies:

A

Adaptive Learning Ecosystem Pattern—the INCOSE ASELCM Reference Framework (in use by AIAA, others).
Trust in Models: The Rosetta Stone Project—across four technical societies (ASME, AIAA, NAFEMS, INCOSE).
Semantic Technologies for Systems Engineering (ST4SE) Project.

Universal Model Metadata Wrapper: Model Characterization Pattern (MCP), w/ASME VV Stds Cmte & AIAA.
S*Pattern Configuration Wizard.

Publications:

1.

INCOSE INSIGHT: Special Issue Theoretical Foundations—Impacts on Practice | and Il, 10 papers, Aug/Oct, 2024;
Special Issue Digital Engineering: “Planning and Implementing the Innovation Ecosystem”, 2022.

AIAA Aerospace Digital Twins Case Studies Pub; Digital Twin Analysis and Planning Reference Pattern, w/AIAA.
AlAA Aerospace Digital Threads Position Pub; Digital Thread Analysis & Planning Reference Pattern, w/AIAA.
ASME Guideline for Managing Credibility of Models for Adv. Manufacturing, w/ASME VV50 Stds Working Grp.
Minimal S*Models—A Primer (including S*Metamodel and its formal mappings to OMG SysML and tools)

S*Patterns Primer (second edition)

V0 NSO WD

10.Support for Vision 2035 Implementation Streams: FUSE--Innovation Applications, SE Foundations-Hamiltonian.

Handbook of Model-Based Systems Engineering, Madni & Augustine, eds, Springer, Chapter: “MBSE Patterns”.
Handbook of System Sciences, for I1SSS via Springer, Chapter: “Patterns in Science and Engineering”, w/ISSS.
INCOSE SE Handbook, 5t Ed., for INCOSE, D. Walden et al, eds, S*Metamodel and ASELCM Pattern




Questions, discussion

Current/recent working group projects, activities—status, Q&A

WoR W e

Patterns & Technologies:

Adaptive Learning Ecosystem Pattern—the INCOSE ASELCM Reference Framework (in use by AIAA, others).
Trust in Models: The Rosetta Stone Project—across four technical societies (ASME, AIAA, NAFEMS, INCOSE).
Semantic Technologies for Systems Engineering (ST4SE) Project.

Universal Model Metadata Wrapper: Model Characterization Pattern (MCP), w/ASME VV Stds Cmte & AIAA.
S*Pattern Configuration Wizard.

N O VAR WN

Publications:
1.

INCOSE INSIGHT: Special Issue Theoretical Foundations—Iimpacts on Practice [ and /I, 10 papers, Aug/Oct, 2024;
Special Issue Digital Engineering: “Planning and Implementing the Innovation Ecosystem”, 2022.

. AIAA Aerospace Digital Twins Case Studies Pub; Digital Twin Analysis and Planning Reference Pattern, w/AIAA.
. AIAA Aerospace Digital Threads Position Pub; Digital Thread Analysis & Planning Reference Pattern, w/AIAA.

. ASME Guideline for Managing Credibility of Models for Adv. Manufacturing, w/ASME VV50 Stds Working Grp.
. Minimal $*Models—A Primer (including S*Metamodel and its formal mappings to OMG SysML and tools)

. S*Patterns Primer (second edition)

. Handbook of Model-Based Systems Engineering, Madni & Augustine, eds, Springer, Chapter: “MBSE Patterns”.

. Handbook of System Sciences, for ISSS via Springer, Chapter: “Patterns in Science and Engineering”, w/ISSS.

9. INCOSE SE Handbook, 5" Ed., for INCOSE, D. Walden et al, eds, 5*Metamodel and ASELCM Pattern .
10.Support for Vision 2035 Implementation Streams: FUSE--Innovation Applications, SE Foundations-Hamiltonian.

=

Attachment:
Additional information on those WG projects
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Adaptive Learning Ecosystem Pattern—the Innovation
Ecosystem (ASELCM) Reference Framework :

Learnings

Learning & Knowledge

Deployments

Deployments

Innovation Ecosystem

(System 3)

Management Processes
for System 2 Processes

Life Cycle Management
Processes

Learnings

for System 2 Processes

. Y
Learning & Knowledge

Management Processes
for System 1

Life Cycle Domain System

(1SO15288 processes are included Observations

in all four Management roles)

Environment 2

.
Life Cycle Management

Processes
for System 1

@3
s

(System 2)

Deployments

ngineered System
(System 1)

Observations

Environment 1

Used as foundation of the AIAA Digital Thread and AIAA Digital Twin Reference Models.

Most downloaded AIAA publication on record.

ASELCM Pattern
Description

AlAA's Related
Application

(Digital Threads,

Twins)




Adaptive Learning Ecosystem Pattern—Innovation
Ecosystem (ASELCM) Reference F

A 26 1 NcosE

 Collaborating with INCOSE Agile SE WG, a reference pattern Wy SR
was contributed by Patterns WG during the two-year INCOSE Introduction to the Agile Systems
study of agile SE practices of four major organizations during Engineering Life Cycle MBSE Pattern
2015-2017, leading to four published case studies. (Led by S

O s Bill Schindel

Rick Dove, Agile SE WG.) 2 == o |

« The original pattern (Agile SE Life Cycle Management
(ASELCM) Operational Reference Pattern) was subsequently
formalized by the Patterns WG as a configurable S*Pattern in

[Substantiady o e IS0 B256 priceases are inchided in s o Mnages roles) Torge
f 27 Emirormss 1 chi ntnd 1o NEGSE 1o pubiish and

http://www.omqgwiki.org/MBSE/lib/exe/fetch.php?media=mb

se:patterns:is2016 intro to the aselcm pattern v1.4.8.pdf

S: [SML, for the Dlannlnq, anaIVSIS, and manaqement O.I: INCOSE Agile Systems Engineering Life Cycle Management (ASELCM) Pattern
advancement in learning ecosystems for projects, Consistency Management
enterprises, and supply chains. e 20 '”,teﬁ,,ratmg Paraciign_jc r1:oLr |
. . . .. IgItal LiTe LyCle IVlanagement Wi earning
* The resulting multi-layer pattern focuses on |leveraging Digital
Engineering to advance performance through the paradigm o e
of strengthened Consistency Management.
- Those interested in participating can be a part of extension =™ —
and application of this pattern in case studies of their own https://www.omawiki.org/MBSE/lib/exe/fetch.php?media=mbse:patt

erns:aselcm_pattern_-- 14

projec’[s’ enterprises’ or Supply chains, plus related tooling_ consistency_management_as_a_digital_life_cycle_management

paradigm v1.3.1.pdf



http://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:is2016_intro_to_the_aselcm_pattern_v1.4.8.pdf
http://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:is2016_intro_to_the_aselcm_pattern_v1.4.8.pdf
https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:aselcm_pattern_--_consistency_management_as_a_digital_life_cycle_management_paradigm_v1.3.1.pdf
https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:aselcm_pattern_--_consistency_management_as_a_digital_life_cycle_management_paradigm_v1.3.1.pdf
https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:aselcm_pattern_--_consistency_management_as_a_digital_life_cycle_management_paradigm_v1.3.1.pdf
https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:aselcm_pattern_--_consistency_management_as_a_digital_life_cycle_management_paradigm_v1.3.1.pdf

“Rosetta Stone” Project: Collaboration 3
project by ASME-INCOSE-AIAA-NAFEMS '”

A Cross-Society Collaboration Project:

Mapping Consistency Confirmation Frameworks
of Different Communities

fl

VVS2024-138662
vi.7.3
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Olivia Fischer !, Mat French 12
Joe Hightower 3, John Matlik *

Laura Pullum 3, Bill Schindel 123

Guodong Shao 3, Nigel Taylor ** | s /mww.omawiki.ora/MBSE/lib/e
xe/fetch.php?media=mbse:patterns:

1 - AIAA Digital Engineering Integration Committee

2 — INCOSE/OMG MBSE Patterns Working Group : :

3 — ASME VV50 Model Life Cycle Working Group asme_vvug 2024 S|IdeS SChIndeI
et al v1.7.3.pdf

15


https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:asme_vvuq_2024_slides_schindel_et_al_v1.7.3.pdf
https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:asme_vvuq_2024_slides_schindel_et_al_v1.7.3.pdf
https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:asme_vvuq_2024_slides_schindel_et_al_v1.7.3.pdf
https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:asme_vvuq_2024_slides_schindel_et_al_v1.7.3.pdf

Semantic Technologies for Systems Engineering (ST4SE)

https://www.omgwiki.org/MBSE/lib/exe/fetch.ph
p?media=mbse:patterns:incose patterns wg rep
ort--st4se project--1.10.6.pdf

Suggested by S. Jenkins, H-P deKoning. INCOSE TPP:
2 http://www.omagwiki.org/MBSE/lib/exe/fetch.php?media=mbse:pa
' tterns:incose patterns wqg st4dse project tpp v2.0 signed.pdf

* This project combines demonstration of (1) [automated generation of consistent
trustable models from trusted model-based patterns] with (2) [automated checking of
human-generated models against trusted model-based patterns].

 Human beings may be the original interpreters of the meaning of models, but
non-human semantic technologies have joined human interpreters of meaning.

 Information technologies that deal with model semantics (encoded meaning) include
modeling languages, model authoring tools, simulation engines, web-based semantic
data structures, and guery and reasoning technologies.

« Semantic technologies strengthen impact of model-based semantics on engineering.
« Technical Product Plan: INCOSE distribution of data structures, not just documents. ,
* Interested participants can be part of evaluating utility and new distribution paradigms.



http://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:incose_patterns_wg_st4se_project_tpp_v2.0_signed.pdf
http://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:incose_patterns_wg_st4se_project_tpp_v2.0_signed.pdf
https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:incose_patterns_wg_report--st4se_project--1.10.6.pdf
https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:incose_patterns_wg_report--st4se_project--1.10.6.pdf
https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:incose_patterns_wg_report--st4se_project--1.10.6.pdf

Universal Model Metadata Wrapper: The Model Characterization
Pattern (MCP), wW/ASME VV Standards Committee & V4 Institute

Collaborating with ASME Standards Committee on Model Credibility, VV50
Subcommittee, Patterns WG created a configurable pattern for representing metadata
on any virtual model, including Machine Learning, Simulation (FEA, CFD, SD, ODE),
MBSE, otherwise. Auto generates Regs for models. (ASME WG led by Joe Hightower.)

This universal metadata framework includes
Model Identify and Focus, Model Utility, Model
Scope and Content, Model Credibility, Model ravessl | ooewed | DM sy odd
Representation, and Model Life Cycle =1 e ] o
Management.

Those interested in participating can be a part

The Model Characterization Pattern (MCP)

of continued testing and feedback on the e
application of the MCP to model library e
. . niversa daracterization dbeling
organization and management, model S*Pattern for All Computational Models 5
I 17
eXChanqu and markets, and model life CyC|e http://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbs

Credib”itv manaqement- e:patterns:model characterization pattern mcp v1.9.3.pdf
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http://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:model_characterization_pattern_mcp_v1.9.3.pdf

S*Pattern Configuration Wizard

« Auto-generates MBSE model in SysML tool, as configuration of Pattern.
« Extendable to any modeling tool.

« Configuration algorithm encodable in any JOIN-supporting environment.
« Configurable patterns for products enterprise ecosystems, other models.

« C tl STASE P t, distributed with its del bl
urren In use In roject, to be distributed with its deliverables.
S*Pattern Hierarchy for . R Nl ettt .
Pattern-Based Systems ~ _.=sTT 0 TTTteea S Stakehoider | Stakeholder "
Endineering (PBSE) ! LW orid Requirement f—~ Stakeholder Feature
a'%age Statement
. S*Metamodel for A
"' Model-Based Systems Functional ‘: '
N ; ; ' Interaction State +— System |
Engineering (MBSE) E o Lovel (Interaction) I; . E
-------- . P9 I—I
General { L System of :
System ; — Interface — ;
._-E’?Et.e.rf--- Eve b'ydi'ﬂ'ablf show / : Access |,
ontainment hie hy and an
Technical bSl ction (cl Iass)h archy.
Id
Product Lines or i : La\{{o\zage
System Families W \J
' ‘ 4 (logical system
TN { oo e 1
: = - \ ! Requirements Requirement 7 Role
Individual Product ] == I | Statement T b
or System Configurations : 1; = : ! T
LT e T
//  SystelnPatten >y L Consant 2 .
e Class Hierarchy Sso _*Y _________ s R D S
il )'”i-F,h . . .
| ‘. S*Metamodel informal summary pedagogical diagram
g * (formal S*Metamodel includes additional details.)




R1: Pattern Configuration System

/ R1.2:

Dt e (D Third Generation

Configuration
MD —

In/Out Agent
Configured n u
eel Tooling (JOIN technology)

/

R1.1: MD/CSM SysML
Modeling Tool

Configured
* Model Data %

R1.3: Patter
Configuring
“User”

Modeling Tool
Information

ConfigurationjAgent
Information

!

Download Configuration Wizard Guide



https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:guide_to_the_pattern_configuration_wizard_v1.4.1.pdf

This Issue’s Feature:
Theoretical Foundations:
Impacts on Practice |

Aug, Oct 2924 Special Issues:
“Theoretical Foundations:
Impacts on Practice | and II”

» Featuring retrospective of 10
International Symposium
papers on SE foundations
and their impact on practice,
from Patterns WG

* Willlam Miller, special issues
editor and INSIGHT editor In

chief.
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1

AlAA Aerospace Digital Twins Reference Model Publication and
AlAA Aerospace Digital Thread Reference Model Publication

AIAA-INCOSE Collaboration producing Aerospace Digital Twin

and Aerospace Digital Thread reference models, based on ASELCM Pattern

https://www.aiaa.org/resources/digital-
twin-implementation-white-paper JAIAA A5 NAFEMS

AEROSPACE é.':;e;e;e'
ASocanon S55F NAFEMS

https://www.aiaa.org/resource
s/digital-thread-white-paper

DIGITAL 1TWIN: DIGITAL TRIRE/AD:

REFERENCE MODEL, REALIZATIONS & RECOMMENDATIONS DEFINITION, VALUE, AND REFERENCE MODEL

o

ering

Most downloaded AIAA publication on record.


https://www.aiaa.org/resources/digital-twin-implementation-white-paper
https://www.aiaa.org/resources/digital-twin-implementation-white-paper
https://www.aiaa.org/resources/digital-thread-white-paper
https://www.aiaa.org/resources/digital-thread-white-paper

ASME Guideline for Managing Crediblility of Models for Adv.
Manufacturing, W/ ASME VV50 Standards Working Grp.

« ASME VV50 Standards-writing project supported by INCOSE began 2016.

* Combining lessons of computational model VVUQ with lessons of MBSE
model learning and credibility, supported by model metadata pattern.

 Ballot passed VVUQ50 subcmte; Standards Committee Ballot in 2024.

Verification and Validation Interactions
with the Model Life Cycle:
Status of a VV50 Working Group

Bill Schindel, ICTT System Sciences, schindel@ictt.com
on behalf of

Joe Hightower, The Boeing Company joe.c.hightower@boeing.com, working group chair httDS://WWW.OmC]Wiki.OI'Q/M BSE/lib/exe/fetch. php?medi
Gordon Shao, NIST, guodong.shao@nist.gov, working group vice-chair _ . ) . .
a=mbse:patterns:model_life_cycle working_group_stat
ASME Virtual Symposium on us V125Ddf

Verification and Validation,
May 19-20, 2021 22



https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:model_life_cycle_working_group_status_v1.2.5.pdf
https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:model_life_cycle_working_group_status_v1.2.5.pdf
https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:model_life_cycle_working_group_status_v1.2.5.pdf

Minimal S*Models— 5o Starting

- . Ph
A P rl m e r Re\’\e\N S*Models and the S*Metamodel: A Primer

INCOSE/OMG MBSE Patterns Working Group

* Introduction to S*Metamodel & its mapping to 3rd party COTS modeling tools.

» The laws of nature which are the basis of the natural sciences are all formal
descriptions of recurring patterns associated with observable phenomena.

* Finding the smallest model-based representation of those patterns has
Important practical as well as theoretical importance.

» The practical importance is reduction of unnecessary proliferation of
iInformation that is redundant and often inconsistent or conflicting.

» The theoretical importance is that size of minimal models is one of formal
measures of (Kolmogorov) complexity.

 Independent of choices of modeling languages, tools, and methods, we want
to base our representation of system patterns on the simplest framework
necessary for the purposes of engineering and science over the life cycle of
systems.

* This Primer is to describe the S*Metamodel—a long-tested pattern based on

the history of physical sciences and engineering, focused on the minimal ~  hitpsJ//www.omawiki.org/MBSE/lib/exe/fetch.php?
information set media=mbse:patterns:s-models_and_the_s-

metamodel--a_primer_wg_review_draft v1.2.2.pdf
» Those interested in participating can be a part of writing and review of this
S*Metamodel Primer—including examples.
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https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:s-models_and_the_s-metamodel--a_primer_wg_review_draft_v1.2.2.pdf
https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:s-models_and_the_s-metamodel--a_primer_wg_review_draft_v1.2.2.pdf
https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:s-models_and_the_s-metamodel--a_primer_wg_review_draft_v1.2.2.pdf

S*Patterns Primer o Starting
(S e CO n d e d iti O n) Re\"\e\N Pha Model-Based S:Pﬁa'tterns: A Primer

INCOSE/OMG MBSE Patterns Working Group

The Patterns WG generated an introduction and
overview of pattern-based methods and their
relationships with other subjects—this was several
years ago and before the emergence of newer
INCOSE Tech Ops approaches to INCOSE
Technical Product “primers” on various subjects
supported by the working groups.

This project is concerned with recasting the earlier
publication in the form of an updated “Primer” on
model-based patterns and related subjects.

Those interested in participating can be a part of
review of the earlier document and newer INCOSE
primers, regeneration of an updated primer form
asset, or review of the resulting document for https://www.omgwiki.org/MBSE/lib/exe/fetch.p

submission as a Technical Product. hp?media=mbse:patterns:s-patterns--
a primer wq review draft--v1.2.1.pdf

24
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https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:s-patterns--a_primer_wg_review_draft--v1.2.1.pdf
https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:s-patterns--a_primer_wg_review_draft--v1.2.1.pdf

Handbook of Model-Based Systems
Engineering, Madni & Augustine, eds, Springer,
Chapter: "MBSE Patterns”

SPRINGER NATURE

Azad M. Madni
Norman Augustine
Editors-in-Chief
Michael Sievers
Associate Editor

Handbook of

Model-Based
Systems
Engineering

Foreword by
Charles Bolden Jr.

@ Springer

https://link.springer.com/re
ferencework/10.1007/978-
3-030-93582-5

- 0 NN W
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Pattern-Based Methods and MBSE

William D. Schindel

Contents

\Illﬂl P.m-m( nn.cp( 2
Expanded Perspective .md On..unmh n ¢ (11 pl-r

State-of-the-Art . "
The Most lxup« yrtant P,mcm \\lull lhc ﬁm.nllc\l \l vdclu .sﬁ\ lcm‘ -
Introduction to the S*Metamodel .. eeuspmeesgrressfiesveliarsversvsarasasracsveramensenue: )

S*Models and S*Patterns . " aomonas (BB
Distillation and chn:scrl.m n ¢ llmmun.. \ C\\lhlll\ .md Impad 1lc.1n1|r|1. ve: 39
Tooling and Language Issues for MBSE Pattems ..ouvii i iiiiiiiiiiciiiicinininvnecenne. 17
Best Practice Approach.. e e A S A RSl <
INCOSE Innovatic nlg ISYS lx:chXcrcl ‘cf'.mtm RS R X

Maodel Charactenization Pattern: Universal Model \1chd.n.1 Rclcmn P.mc-m
Hlustrative [\unplcx B 7 G R R PR R S S RO
Chapter Summary .. SRS RGN wGSERTs B

Impact on Pr..u.lx e, hh .unn. .de \r.'.udl
lmp.sl on the Theoretical Foundations of Systems lnplv:cnnl.

Abstract

Patterns are recurning regulanties, having fixed and variable parts, across
engincered svstems. svstems of engmeerme. production. distnbution. and

AU1

AU2

 Generation of
“Pattern-Based
Methods and MBSE”
chapter for new
Handbook of Model-
Based Systems
Engineering.

* Editors: A. Madni
and N. Augustine.
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Handbook of System Sciences, for ISSS via Springer--
Chapter: “Patterns in Science and Engineering”, w/ISSS

@ Springer Link

SPRINGER NATURE

* |SSS Reference
— Textbook project

Living reference work entry

186

Kyoichi Kijima Abstract

- - . . =
Hiroshi Deguchi Editors W k
Human life is experienced as recurring system patterns — the informal events of everyday O r I n g r O u p -
living, expression of creativity and aesthetic experiences of the arts, organized observation and
H a n db O Ok Of discovery in the physical sciences, and technically engineering the systemic improvement of the
human condition. Patterns have been expressed and analyzed across these diverse domains in “
the languages native to each. In the case of science and engineering, the subject of this chapter, . ‘ h a te r O n S S t e m
S t explicit formal methods for discovering, synthesizing, representing, analyzing, and applying
y S em S patterns, have reached great heights, transforming human life over three centuries. In spite of
successes, diversity of language and perspective across individual physical science and - - -
o engineering disciplines has masked the common thread of system patterns running through P att e r n S I n E n I n e e r I n
C lenc e S these scientific and engineering works. The more recent attention to the science and

engineering of systems in general, including explicit models of general systems, illuminates the
nature of general system patterns and their fundamental contribution to representation and - , ,
progress in science and engineering of systems. In addition to providing a unifying perspective a n C I e n C e

to historical accomplishments of specialized disciplines, system patterns also simplify the

complexity of existing engineering environments while advancing ability to develop new

scientific and engineering disciplines for more complex domains, including markets, networks,
distribution systems, the Internet of Things, communities, and the innovation process itself. . A n I S S S I N O S E e ﬁo rt
‘ZJ Sprl nger This chapter and references provide an actionable perspective for readers interested in this n

revolution. A key lesson of this chapter is that system patterns reduce the challenge of

accomplishing nearly any goal in the life of systems.

https://link.springer.com/referencework/10.1007/978-981-15-0720-5
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INCOSE SE Handbook, 5th Ed., for INCOSE, D. Contributed invited
material on ASELCM Pattern, Pattern-Based Methods, and S*Metamodel

* The Patterns Working
Group contributed invited R

Content On Datte rn'based YSTEMS ENGINEERING HANDBOOK NeW (5th) Ed |t| on
m eth Od S tO th e IN CO S E A GUIDE FOR SYSTEM LIFE CYGLE PROCESSES AND ACTIVITIES

12 SYSTEMS ENGINEERING INTRODUCTION

SE Handbook, 5™ edition
project, now available.

* New content on S*Patterns
and S*Metamodel.

e OQOverall Droject led by >
FIFTH EDITION Environment 3
I N n d b k "{g&f International Council on Systems Engineering Wl LEY L Envionmeetil
[ - — [ Z ‘Systam 3 'Process definition, advancement System 2: Engineaning, production, support, sciance System1-Products
E d I to r I a e al I I y C h al re d by FIGURE 1.6 System innovation ecosystem pattern. From Schindel and Dove (2016) and Schindel (2022b). Used with permis-

sion. All other rights reserved.

D a.V e Wa d e l l » The System Innovation Ecosystem Pattern emphasizes the learning and execution aspects of the enterprise ecosystem

and directly integrates the SE life cycle processes described in Part 11 of this Handbook. Those processes are applied
to two different managed Sols (System 1 and System 2) and explicate the processes of learning versus application in
each of the SE life cycle processes, along with how, and how effectively. execution is coupled with prior learning. The
(configurable) System Innovation Ecosystem Pattern intentionally describes any engineering environment, whether
effective in its learning and adaptation or not. It is intended as a descriptive, not prescriptive, reference model that can
be used to plan and analyze any engineering and life cycle management ecosystem. So, while the “learned models™
shown inside System 2 describe knowledge of System 1 (The Engineered System). the models shown inside System 3
describe knowledge of System 2 (The Life Cycle Project Management System).

The formal System Innovation Ecosystem Pattern includes the ability to be configured specific to a local enterprise.
project, or supply chain, and for use to plan a series of migration increments representing advancing System 2 cap:Q 7
hilities. For more details, refer to Section 3.2.6 and the INCOSE S*Patterns Primer (2022).

System 3 - The Enterprise
Process and Innovation System

| Environment 2




INCOSE Vision 2035 contributions, from
WG’s SE Theoretical Foundatlons PrOJect

* The Patterns Working Group
orovided invited content on SE
Theoretical Foundations for the
NCOSE Vision 2035 publication H e - |
project, completed for IW2022. =t an”“%%”mW:;MBSE’lr{’hf”S“
* Publication project led by editorial R
team chaired by S. Friedenthal. — e e e

» Material drawn from the ongoing SE
Theoretical Foundations Project of
the Patterns Working Group.

. - - ; ' Implications for Future SE Practice, Education, Research:
Eﬁgglgﬁ:’gg?nlsn related INCOSE SE Foundation Elements

Discussion Inputs to INCOSE Vision 2035 Theoretical Foundations Section

Copyright © 2020 by W. D. Schindel. Permission granted to INCOSE to publist 28-—



http://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:science_math_foundations_for_systems_and_systems_engineering--1_hr_awareness_v2.3.2a.pdf
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http://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:science_math_foundations_for_systems_and_systems_engineering--1_hr_awareness_v2.3.2a.pdf
http://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:science_math_foundations_for_systems_and_systems_engineering--1_hr_awareness_v2.3.2a.pdf

Related application of Hamiltonians for IT

and socio-technical systems

* Adopting W R Hamilton’s “characteristic
function” perspective enriches interpretation
of the nature of momentum and energy, in
additional settings:

— By reasoning in the right order, Hamiltonians

can be defined for IT (i.e., digital) and socio-
technical systems.

— Managed consistency gaps provide the
potential enerqy part of the ASELCM System 2
Hamiltonian.

 Dublin, Ireland, was Hamilton’s home, and
this 152024 paper session expanded on the
above during 1S2024 in Dublin.

Download Hamiltonian Ecosystems Paper -



https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:incose_is2024_hamiltonian_ecosystem_schindel_v1.6.2.pdf
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