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Meeting Agenda / Contents Summary

Welcome and introduction to the MBSE Pattern Working
Group's goals and focus

Introductions and interests of meeting participants
Overview of MBSE Patterns subject matter and relevance

Status of current working group projects and activities;
related Q&A and interests

Discussion of additional and future interests of attendees
Adjourn




Began 10 years ago, as MBSE Initiative Patterns Challenge Team:
— Part of the joint INCOSE/OMG MBSE Initiative, formed earlier.

— Three years later (2016), our team formally became the INCOSE MBSE Patterns
Working Group.

— Because of our MBSE focus, and in order to continue to support the MBSE Initiative,
we continue to also be listed as part of that INCOSE/MBSE Initiative.

— Qur working group web site remains part of joint OMG-INCOSE MBSE wiKki...
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 Focus of MBSE Patterns Working Group:
S*Patterns

Configurable, re-usable system models:

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

2. Those underlying elements are called the S*Metamodel, which was inspired by
the unmatched success of the physical sciences and impact of STEM.

3. S*Models using those elements may be expressed in any modeling language
via formal mapping (e.g., in OMG SysML, or in other languages).

4. S*Models can be (have been) created and managed in many different COTS
modeling tools using such diverse languages.

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

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

7. These are typically system-level patterns (models of whole managed
platforms), not just smaller-scale component design patterns.




Patterns--subject matter and relevance
Patterns are. ..

e 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;

e the basis of learning, for individuals, groups, and machines;

* the basis of human cognition and reasoning;

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

 why we wake up to a mostly recognizable world each day;

 described by both fixed and variable (parameterized, configured) aspects;

e described informally by natural language;

» described formally by the models of science, engineering, and mathematics;

* not just about engineered products, but also about the methods of
engineering, life cycle management, and socio-technical systems in general.




The INCOSE Patterns Working Group: Who are we?

 Our most active members come from across diverse domains:
— Automotive
— Advanced Manufacturing
— Aerospace
— 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, meetings with other groups.
— Construction of system patterns.
— Writing related publications for INCOSE and other technical societies.
— Invited presentations to INCOSE chapters.
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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/incose-member-resources/working-
groups/transformational/mbse-patterns
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The MBSE Patterns Working Group (formerly the Pattern-Based Systems Engineering (PBSE) Challenge Team)
is a component of the INCOSE/QMG 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: & http://www.incose.org/Chapters Groups/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 models). 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= s that oxins e tes of MBSE (o 0. Batiom Managemont, Configaration Filoe, model minmalty, oo

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

I I l 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.incose.org/incose-member-resources/working-groups/transformational/mbse-patterns
https://www.incose.org/incose-member-resources/working-groups/transformational/mbse-patterns
https://www.omgwiki.org/MBSE/doku.php?id=mbse:patterns:patterns
https://www.omgwiki.org/MBSE/doku.php?id=mbse:patterns:patterns

Resources, Projects, References by Subject

Foundations
and Paths o
Stronger SE

The
Innovation
Pattzrn

Credibility of
Models-Trust
in Patterns

Maps to
Framewarks,
Schema,
Toals

Domain
Patterns

How INCOSE and the sysfems commurnify are visualizing and reaching ouf fo the future. How the INCOSE MBSE Palterns
Wiorking Group Is applying & stronger founaation bassd on the Systam Phanomanon snd the history of paliams in the physizal
scignces and mathemabics fo enhance and fransform the foundstion capabilties of Systems Enginsening.

MB35E_Transformation_fdoption_Pattern_Project
PBSE Introduction, Basic Subjects, Tutorials, Education

Strengthened Foundations of Systems Engineening and Systems Science

e On main web site

Paths to the Futures of Systems Enginsering
Legacy_Product Line_Pattern_Extraction_Project with PLE_WG
Model Communities Owireach

The formal systems paftem reference framewonk that dessnbes sysfems imnovstion in all s forms, configursbie for planning
and analyzing speciic plans, stushions, and madmaps. A fremework i which Systems Enginesnng (or any system Ife cpole
management] of sny method snd onganization referencing 15015288 and the INCCQSE SE Handbook, and the use of WESE
Fattemns in particulzr can be planned. organized, oeployed, analyzed and managed. and confinuously sdvanced over fime.

Apile_Bystems_Engneering_Lide Cycle Management (ASELCM) Discowery Project with ASE WG
Innovation_Collaboration_Ecology_Project with_TIMLM_WG_and_FLE_ WG

Pattems in the Public Square—Innovation in Reguiated Domains

Augmerted Intelligance in Systems Enginesring

Systemns Enginesring a5 3 Complax System

Innowation Ecosystem Introduction Project

Models are noreasingly vsed fo support more criticsl and impaciiul decisions. Models are mcressingly used by peopls or
organizations other than those whe aufhored them. Accordingly trustin the credbilty of models will only become more
important fo manage over ime. What are the principles and practices for establishing, representing communicating, and
managing trusf in mooels over their life cycles? How dees the credibility of recurming paftems reduce the cost of esfablishing
and maintzining thaf fust®

Model Wrapper, Model Characterization Fattern
Trusted Mode| Repository Pattern
Verfication_& \alidation_of_Models Project_with ASME_Sids Cmiee

There are growing lists of architechursl fameworks, reference archifectues ontologies, mefamodels and similar undedying
semantic construcfs, used 25 the basis for models of systems, aufomation fooling, product lines, and oftherviss. ldspping the
Stldefamodel to these prowides an expanded means for undersfanding and wsing 8 given framework, schema, or tood. This
inclvdes making S*odels and 5%Pstferns fool sgnostic. portable scross moodsling lenguages, and for supporting sufomated
reasoning and maore basic quenss sbout models in diferent sysiems

Mappings to Frameworks, Schemna, and Toals
Semantic Technologies
S*FPattern Cenfiguration Wizard

S*Pattems sre sbout recuming things within some geners! or namow environment, refered fo a5 2 domain. The foloe-
ilustrafes Z*Fatems across difersnt appbcation domains

General Land Vehicle Pattern

primary_flight_actuator_pattern_and _aufomated wverification

il Fiker Product Line Pattem ma\e

_.wal Bracket Pattern

505 Pattems

Collaborations, Partners, Shared Interest Groups

Most of the projects performed by the INCOSE MBSE 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.
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Ten years of
meeting materials
by Patterns WG
and collaborators,
by event

Primary Working Group and Partners Meeting Materials—-By Event
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MESE Symposium, Allen, TX
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The h-lowng tabie lists " logi : | ings, workshs o5 and other events participated in by 1h!. MESE Patterns Working Group. The links on June 50, 2017 MBSE Patterns WG Partic. in AIAA Aviation
the right side of the following table link to event-specific minutes, fi . and : 2017, Denver
Event Date___._ Event Milestone___._.__. Status | Point_of_Contact___.__. | '** = Pt-mnn R L e AR VG Mantings 2t 152017
June, 2013 Provide PBSE Tusorial 3t 152013 Done | Bil Schindel, Troy Peterson . . kes Coalessrioe GLRC1S
o emmeecwnns e smeorees (O MNAIN WED Site -
e e i 4SA EnergyTech 2017
Jul-Aug 2013 Collect initial team members, refine charter Done Bill Schindel, Troy Peterson
Oct, 2013 Provide PBSE Tutorial at GLRC2013 Cone Eill Schindel, Troy Feterson Jan 20-23, 2018 MSSE Fanerns WG Partic in INCOSE
Dec. 2013 Challenge team wiki page crested Done  Bil Schindel IW2108 Jacksonville. FL
Jan 27, 2014 Challenge team meg IN2014 Done | Bil Schindel, Troy Peterson | Patterns_Challenge_Team_Mig_0 April, 2018 MSSE Patterns WG Partic in IFSR
: Cenversation 2018, Linz. Austia
June 28-30, 2014 | Challenge team mig 152014 Cone Eil Schindel, Troy Feterson | Fatterns_Challenge_Team_Meg_0
- . - - May, 2018 MBSE Fatterns WG Partic in INCOSE 2018
Aug 12-14,2014 | Challenge team at NDLA GVSETS 2014 Cone Bill Schindel, Troy Feterson | Famemns_Challenge_Team_NDIA! Health Care Systems Conference
Aug 18,2014 Challenge team mtg Done | Bill Schindel, Troy Feterson | Fattems_Challenge_Team_Mig_0 Minneapois, MN
Sep 02, 2014 Challenge taam mig Done  Bil Schindel, Troy Peterson | Fatems_Challenge_Team Mg 0 May, 2018 MBSE Patterns WG Partic in Aerospace
; Cerporation SE Forum, Chantilly, VA
Sep 15,2014 Challenge team mig Done Bil Schindel, Troy Peserson | Pattens_Challenge_Team_Wtg_0
S July, 2018 MESE Fatterns WG Partic in INCOSE
Sep 30, 2014 Challenge team mtg Cone Eil Schindel, Troy Feterson | Fatterns_Challenge_Team_Mrg_0 152018 Washingten, DC
Cet 14, 2014 (Challenge team mtg Cone Eil Schindel, Troy Feterson = Fatterns_Challenge_Team_Meg_1 July, 2018 MSSE Panerns WG Partic in 18552012
Oct 28, 2014 Challenge team mig Done Bill Schindel, Troy Feterson | Fatterns_Challenge_Team_Mrg_1 Ceevallis, OR
Nov 10, 2014 Challenge team mig Done | Bill Schindel, Troy Faterson | Fattemns_Challenge_Team_Mtg_1 Oct, 2018 MBSE Patterns WG Partic in SAE 2018
Dec 17, 2014 Challenge team mtg Cone Eill Schindel, Troy Feterson = Fatterns_Challenge_Team_Mrg_1 Stendects St Fysort Coma, YA
Jan 12, 2015 Chal Don 201 Sehi Troy & . Chal - Vg 0 Oct 2018 MBSE Fatterns WG Partic in INCOSE GLRC
an 12, 201 lenge team mtg @ i indel, Troy Peterson ttemns_Challenge_Team_Mg_| 2012 Indianapas, IN
Jan 28-27, 2015 Challenge team mtg 2015 Cone Bill Schindel, Troy Peterson | Patiems_Challenge_Team_Mig 0 Oct 2018 MESE Panerns WG Fartic in FDA PESE
Mar 17, 2015 Challenge team mtg Cone Eill Schindel, Troy Peterson | Fattemns_Challenge_Team_Mig_0 Seminar, Washington DC
Apr21, 205 Challenge team mtg Done Bill Schindel, Troy Peterson | Patterns_Challenge_Team_Mtg 0 Jan, 2010 MSSE Patterns WG Partic in INCOSE
May 10, 2015 Crallengs tzam mig Done | Bil Schindel, Troy Feterson | Fatiems_Challenge_Team_Mig 0 QG19, Tarence; CA
. . May, 2019 MSSE Patterns WG Partic in ASME Mode!
1 1 h il Pt ! | )
June 18, 2015 Challenge team mig Done Bill Schindel, Troy Peterson | Pattens_Challenge_Team_Mig 0 VEV 2019 S sium, Las Vegas, NV
June 14, 2015 ASEE System Competencies Workshop Done Mario Simoni ASEE_2015_Systems_Competen May, 201 Model Characterzation Fatem W oo
July 12-13, 2015 Challenge team mtg 152015 Done Eill Schindel, Troy Peterson | Pattems_Challenge_Team_Mg_0 Prep, indsnapolis, IN
Jan 12, 2018 Patterns WG mtg Done Bil Schindel, Troy Peterson | Pattemns_Challenge_Team_Mtg 0 July, 2019 MSSE Patterns WG Partic in INCOSE
Jan 30-31,2016 | Pantems WG mtg IW2016 Done | Bill Schindel, Troy Peterson | Pattems_Challenge_Team_Mig_0 152018, Orando, FL
May 24-25, 2016 | MBSE Patterns WG Participation in INCOSE | Done Bill Schindel, Troy Peterson | MIBSE Patterns_WG_Participation Oct. 2019 MBSE F;m WG Particin ASSESS 2019
Agie Health Care Systems Conference -
- . \ - January, 2020 MBSSE Fanterns WG Partic in INCOSE
July 5, 2016 MSSE Fatterns WG meg Done | Bill Schindel, Troy Peterson = MBSE Paterns_WG_Msg_07.05.1 Y G050, Torranse CA
July 17.2018 MESE Patterns WG mtg 152018 Don Bill Schindel Troy Peterson | MBSE Patterns_WG_Team_Mag_(
il e : S SR January,2021 | MBSE Panerns WG Paric in INCOSE
July 28,2018 MSSE Fatterns WG Participation in Done Bill Schindel MBSE Patterns_WG_Participation IW2021 Virtual Sessions
ISS52016
Apni_ 2021 MBSE_Patterns_WG_Panicpation_in_ASME
Sept 18-21,2016 | MBSE Panerns WG Panticipation in Done | Bill Schinded MBSE Patterns_WG_Participation MSE Swis Cmtee Speing 2021 Megs
GLRC2018
— — — - — May, 2021 MSSE_Patterns_WG_Panicpation_in_ASME
Nov 7-8, 2018 MESE Fatierns WG in ASME W50 Cmtee Done Bill Schindel MBSE_Patterns_WG_Farticipation Medel VAV 2021 Symposium
on VEV of Models, Schenectady, NY
R . . _ April. 2021 MSSE_Paterns_WG_Panicpation_In By
Nov 28-20, 2018 | MBSE Patterns WG Partic in INCOSENEEE | Done Bill Schinded MBSE_Patterns_WG_Participatior Lever Momentum 2021 Conference
EnergyTech 2018, Cleveland
S - : : June, 2021 MSSE_Patterns_WG_Panicpation_in
Jan 28-31.2017 | MBSE Patterns WG Migs at IW2017 Done | Bil Schindel, Troy Feterson | Fanems_Challenge_Team_Whg 0 Inciana D3l Thread Technical Exchange
April 12,2017 MBSE Fatterns WG Participation in INCOSE | Done | Bill Schindel Patterns_WG_Partic_Enchantmer Neetng
Enchartment Chapter Meesing (New Mexico) December, 2021  INCOSE_North_Texas_Chagter_Program
May 2-5, 2017 MSSE Fanerns WG Panicipation in ASME Done Bill Schindel Panems_WG_Paric_ASME_Mod
Model VEV Symposium, Las \Viegas January, 2022 AIAA_SCITECH2022
May 18-17, 2017 MB_SE Fatierns WG Parnticipation in INCOSE | Done Bill Schindel Ffl:ﬁrﬁ s_WG_Partic_INCOSE_A¢ January, 2022 INCOSE_W2022
Agie Health Care Systems Conf, Chicago 717
2022 8 vorth
May21-24, 2017 | MESSE Fatterns WG Participaton in No Magic | Done | B Schindel Pattems_WG_Partic_No_Magic_} Joow. 2022 C02E Nt sX e Fom
MSSE Symposium, Allen, TX June, 2022 INCOSE_IS2022
June 50, 2017 MSSE Fatterns WG Partic. in AlAAAwviation | Done Bill Schindel, Troy Peterson | MBSE_Fatemns_WG_Fartic_In_A June, 2022 ALAABATION 2022
2017, Denver Jan, 2023 INCOSE W 2023
Jul: 15-17. 2017 MSBSE =m'.erns\'\'6hfee:inﬁsa‘. 152017 Cone Eil S:hinuel.Tro: Feterson  Fanems Chalﬁe Team WH 0

Done

Cone

Dore

Done

Done

Done

Done

Done
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On main web site

Project Working Pages

Interface Patterns Team
Innovation_Collaboration_Ecology Project with TIMLM WG _and PLE WG
Legacy Product Line Pattern Extraction Project with PLE WG

Patterns In_Systems Of Systems Project with SoS WG
MBSE_Transformation Adoption_ Pattern Project

Critical_Infrastructure Protection _and Recovery Patterns Project with CIPR WG
Health Care Domain_Patterns Project with HC WG

Verification & Validation of Models Project with ASME_Stds Cmtee
Agile_Systems Engineering Life Cycle Management (ASELCM) Discovery Project with ASE WG
Foundations of Systems Science and Engineering Project with SSWG
Semantic_Patterns_and Technologies for Systems Engineering Project
Vision_2035 Support

S*Models Primer Project

S*Patterns Primer Project




« INCOSE is also just starting to make use of “Viva Engage” (formerly “Yammer”),
another form of social media in the new INCOSE IT ecosystem.

 The MBSE Patterns WG has a Yammer Community getting started, but not nearly as
far along with this as the other (10 years’) Patterns WG web resources above.

* You are welcome to join this community, but please contribute and be patient as we
learn to make good use of it!

@ Home

o 0
& O f/—x

gy

MBSE Patterns Working Group Members - 502 n

(1 Lc Ll
' ’ "! Yammer Community for MBSE Patterns

WG [INCOSE YCcode: mpat]
~ Edit description
k l ;

© Joined Info &

a William Schindel

&  Communities

Storylines

V'
Favorites
E I l a e v Keep your favorites at your fingertips. Favorites will appear
here. Learn more
(Forl I lerly Communities
The mission of the INCOSE MBSE

rise FUSE - Future of Systems Engineering MBSE Patterns Working Group & Q0 @ - Patterns Working Group is to advance

the availability and awareness of
al I l I I l e r m INCOSE Webmasters 2 Conversations About Files Events systems engineering practices and

resources for impactful creation,

Mission:

N application, and ongoing improvement
ege All of INCOSE of recurring model-based patterns over

system life cycles.
e Share thoughts, ideas, or updates Y Y

I m MBSE Patterns Working Group &
We were established as, and remain a

part of, the Joint INCOSE-OMG MBSE

a Systems Science Working Group ® 1 a Discussion a Question Q Praise E Poll Initiative. Most of our work is carried
out in partnership with other INCOSE
n INCOSE International Workshop (IW) 2022 Waorking Groups and other technical or
professional societies.
m Healthcare Working Group ® . All conversations Recent posts More:
! PLE Working Group 1 The MBSE...
William Schindel
Just now More
@ Human Systems Integration Working Group 1 H= o
P | NCOSE Fellows The INCOSE MBSE Patterns Working Group will be meeting at/during INCOSE IW2024 in We'd love your feedback!
Torrance and on I|n?. This meeting is I\ste;l in the 1W2024 event schedule, and .W\|| occur on We have just two questions for you.
B INCOSE GLNC Sunday, Jan 28, during 1:30 - 3:30 PM Pacific Time. Check out the related working group

meeting materials at_httos.//www.omawiki.ora/MBSE/doku.ohp?id=mbse:patterns:mbse




How to get involved with Patterns WG

* |f you'd like to participate in, or follow, a current WG project, . . .
 |If you would like to suggest a new WG project, . . .

Contact:
WG chair: Bill Schindel schindel@ictt.com
WG co-chair: Troy Peterson tpeterson@systemxi.com

« Based on the newest INCOSE information systems, you should
especially add to your INCOSE Member Profile (at incose.org)
that you want to be affiliated with this WG.

12


mailto:schindel@ictt.com
mailto:tpeterson@systemxi.com

Membership in the MBSE Patterns WG:

Help us respond to your interest and engage!

Anyone interested is welcome, but this WG is especially for INCOSE
members.

Over the years, how we track our WG's membership list and perform
communications has been challenging, as INCOSE technical systems
and even legal constraints have evolved.

We are learning that the best way for you to get formally listed as a
member of the WG and into our WG mail list is to indicate in your
INCOSE Member Profile (www.incose.orq) that you are affiliated with
this WG.

Sincere apologies to anyone we have missed In the past—please let
us know and be sure to register your interest in this WG in your
INCOSE Member Profile.

13


http://www.incose.org/

Nearly all our work includes partner INCOSE WGs or others
4B

Virtual

Validation, International International
Verification & Federation for Society for the
Visualization JAIAA Systems ASME System INCOSE
Institute o Research (IFSR) - Sciences (ISSS)
(Val) American ASME Model Complex
Institute of _ V&V Systems (CsX)
INCOSE \Aeronautics & / NG~ \ Committee / INCOSE \ WG
' Astronautics
Enterprise Product Line Systems of
Systems : Engineering = Systems (SoS) ‘
WG INGOSE (PLE) WG INCOSE WG INGOSE
/ Health Care \ / MBSE Patterns\ / Systems
\ WG / D \ Working / Y \ Science WG
’ Group ’
Semantic : Tools Interop.
Technologies for : Aglle\;\éstems O & Model Life |
Systems INGSPE - Cycle Mgmt. INCOSE
Engineering - (TIMLM) WG
sse / \ / .,,f,::;:f::u,e\ /
Model-Based ) Entities (VSE)
Transformation Protection & WG
Recovery (CIPR)
WG

Participate! Colla

o

orate! y



Participant introductions and interests

If today’s meeting is not too large . . .

* Please introduce yourself
* Tell us about your interests in this meeting and its subjects



An “MBSE Patterns 101” Introduction

We'll next look at a small sample of MBSE Patterns theory & practice for a few minutes:
* A key point is realizing patterns suggest we strengthen underlying MBSE representation.

For a more complete look, see:

* PBSE Methods and Position in Related Subjects

https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:pbse extension of mbs
e--methodology summary v1.6.1.pdf

e MBSE Patterns Tutorial

http://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:pbse tutorial glrc 2016
v1.7.4.pdf

* Simple Content Example: Oil Filter System
https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:oil filter exam
ple v1.6.2.pdf

e Patterns WG web site:
http://www.omgwiki.org/MBSE/doku.php?id=mbse:patterns:patterns

* The projects references and links in the later section of this meeting file.
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Formalizing System Terms and Representations

Definition: In the perspective described here*, by “System” we mean a collection of

interacting system components:

* By “interacting” we mean the exchange of energy, force, material, or information (all of
these are “input-outputs”) between system components, . ..

e ...through which one component impacts the state of another component.

* By “state” we mean a property of a component that impacts its input-output behavior
during interactions. (Note the circular cause-effect definition chain here.)

* So, a component’s “behavior model” describes input-output-state relationships during
interaction—there is no “naked behavior” in the absence of interaction.

 The behavior of a system involves emergent states of the system as a whole, exhibited in
its behavior during its own external interactions, resulting in observable holistic aspects.

Causes behavior

External .-~
“Actors” ..

System

Causes changes in

(* Other world view definitions of “System” are acknowledged; there are reasons for our minimalist choice of definitions.)
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So what is the S*Metamodel, and more important why is it?
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S*Metamodel: A reference model of models ;g
* The S*Metamodel is intended to answer: @ —ﬁ L ;
* What is the smallest amount of information necessary an Ll e
to describe a system over its life cycle, for the : | e :
purposes of science and engineering?

Important because contemporary MBSE models often:
* Are missing key aspects (are too small)

Informal pedagogical S*Metamodel

e Contain redundant conflicting aspects (are too big) subset diagram
e At the same time! Systematica® Metamodel
* We will be discussing prominent examples of both. Vetarmodel Version 8.0

* This session will briefly refer to the “informal 041072022

pedagogical” S*Metamodel diagram above, as a
partial intuitive guide.

* Backed by the formal S*Metamodel (1>00 pages of F-IS*M el
UML and prose), to understand its formal mapping (100 pages UML & prose]
to modeling languages like OMG SysML, third party
modeling tools, etc.) &

BY & PATTERNG COMMUMTY

* Not an alternative modeling language or tool!




Existing mappings into OMG SysML,
other languages, and your tooling
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# 2 Type (Role B)

FPK Value

1 Accountability Feature
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Feature

Commercial Vehicle Application
3 Feature Group
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5 Commumcatmns Feature Group
6 Commumcatinns Feature Group
7 Commumcations Feature Group
8 Curnrnumcatluns Feature Group
9
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Consumables Compatibility
11

Feature
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12
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Version 19
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Domain Model: One important system model view

* All the external actors with which a
system of interest interacts directly,
forming a “Domain System”.

* The (larger) system that is the
context of the System of Interest.

* Domain Patterns Erovide powerful
introductions to the context of
different system products, markets,
and applications, such as:

* Aerospace

* Automotive

* Medical Devices

* Consumer Products
* Telecommunications
* Manufacturing

 Example Domain Systems:
* Total life cycle domain
e QOperational or In-Service Domain
* Maintenance or Sustainment Domain
* Distribution Domain
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Vehicle Occupant =
«Logical System»
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Functional Interactions:
Phenomena; clarifying
SE views of behavior

A Functional Interaction (or simply, an Interaction) is an
exchange of Input-Outputs (energy, force, material, information)
between two or more system components, resulting in
component changes of state.

Two such components might be within a product you are
designing—but they also might be that product (viewed as a
“black box”) and actors in its external environment, in which
case the overall system is the Domain System.

By “state” we mean a property of a component that impacts its
input-output behavior during interactions. (Note the circular
cause-effect definition chain here.)

So, a component’s “behavior model” describes input-output-
state relationships during interaction—there is no “naked
behavior” in the absence of interaction.

Interactions are not an important “side issue” —they are at the
heart of engineering and science:

e All the known physical laws of the hard sciences are about
or in the context of interactions.

It will turn out to be very important to identify “all” the
interactions—a subject to which we’ll return.
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S*Metamodel informal summary pedagogical diagram
(formal S*Metamodel includes additional details.)

System Interactions
Making the Heart of Systems More Visible

IN(EOSE GLRC 2013: Leadership Through

Systems Engineering

https://www.omgwiki.org/MBSE/lib/exe/fetch.php?medi
a=mbse:patterns:system interactions-- 22
making the heart of systems more visible v1.2.2.pdf



https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:system_interactions--making_the_heart_of_systems_more_visible_v1.2.2.pdf
https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:system_interactions--making_the_heart_of_systems_more_visible_v1.2.2.pdf
https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:system_interactions--making_the_heart_of_systems_more_visible_v1.2.2.pdf

Interactions: Vehicle example
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A key point for systems engineers is not to over-emphasize “my system” as
opposed to its interactions with external actors.

Sometimes engineers object that “I am not responsible for and cannot
control those other actors”; however, . . .

The fact is, the onlx externally visible behaviors your product will exhibit are
its interactions with those external actors.

The technical requirement specifications for your product are all manifest in
its interactions with external actors.

You do not have to design or control those external actors, but you do have
to understand their behaviors in interaction with your product.

Interactions are shown as diverse types of model and tabular diagrams and
views: Collaboration Diagrams, Sequence/Timing Diagrams, FFBDs, Free
Body Diagrams, etc.
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(formal S*Metamodel includes additional details.)

«Interaction»

«Interaction»

Jintsractions «Interaction»
\ra\ml Over . Manage Vehicle Attack Hostile
" Refuel Vehicle
TNM Performance System
N ‘
«Interaction» «Interaction» «Interaction» «Interaction»
Avoid Obstacle Aspirate Configure Vehicle Survive Attack

«Interaction»
Ride in Vehicle

-_—e == =

«Interaction»
Interact with
Nearby Vehicle

«Interaction»
Deliver Vehicle

[ whnteractiomy——

«Interaction»
Maintain System

«Interaction»
Account for
System

Perform Dock
Approach &
Dy

«Interactiol

o
Transport Vehicle

«Interaction»
Secure Vehicle

«Interaction»
Perform
Application




Dual Hierarchies: There are containment and class
hierarchies of logical systems, as well as other classes

Containment (Part-Whole) Hierarchy:

Vehicle System

Vehicle Propulsion System

Braking System
Brake

Functional Roles
(Logical Systems)

Important to traditional engineering
decomposition and Bill-of-Materials

Every S*Metaclass shown is

embedded in both a

containment hierarchy and an
abstraction (class) hierarchy.
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Class (General-Special) Hierarchy:

——— e ===

Vehicle System

Ambulance Vehicle System

Military Ambulance Vehicle System
Mil Ambulance Vehicle, configured

Functional Roles
(Logical Systems)

for Desert.

Important to pattern management, product line
engineering, economics of re-use



Stakeholder Features; clarifying SE
views of value, selection, risk,
FMEA, configuration

Stakeholder Features model, in the language and
conceptual values framework of the respective
Stakeholders, chunks of value:

* what is “at stake”

* Often may be quite subjective

Notice that we are describing twice the external
behavior exhibited by the system of interest:
* Interactions (and the Technical Requirements that willb?o
e

with them) describe what is wanted in objective testa
terms common to engineers.

* Features describe the same system, but in terms of what is
valued, Measures of Effectiveness (MOEs), etc.

Analogous to pre-model engineering practice of
“Customer Requirements” and “Technical
Requirements” (other terms also used included
“Product Requirements”, “System Requirements”, etc.)

Two different ontologies, in a many-to-many mesh!

................................................................................
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(formal S*Metamodel includes additional details.)
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Stakeholder Features: Vehicle example

support for maintaining awareness of the
current or other configurations of the system.

pkg Features J
«melaclass»
Feature
Altribute
Attribute
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lication Feature ication Feature Safety Feature Grou o - Performance
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Cruise Control Communicatio Remote Management vehicle being developed at an acceptable
ihascsnid Pastare Guo Aogess Feaume cost in an acceptable time, with acceptable
risk.
The feature of being capable of being
«features efficiently arranged or rearranged, adjusted or
Navigation Feature altered for a different use within the
limitations of the current design. This includes
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Like the Tardis: Bigger 4

Feature configuration space: on the Inside!
Bigger than expected

A perhaps surprising thing about Features is that they model a lot more than might
be thought of at first when considering “value”:

* Features discover examples of models that are both “too smal
“too large” (redundant and conflicting) at the same time.

1. Features model the trade-space for optimization and trades—that one is not too
surprising, but serves as a reminder to include the full range of stakeholder issues, not just
end customer Features—who are all the stakeholders? The resulting Pareto Frontiers are in
Feature Configuration Space.

2. All purpose, even when discovered by emergence and agile pivots, is in Feature Space.

3. Allrisk is risk to Stakeholder Features. So, the whole outcomes side of any Risk model
should terminate in Feature space.

4. All Effects (the “E” part in FMEA analyses) are effects in Feature Space. Not realizing this,
they are often described completely separately—a redundancy that costs a lot when not
used to reinforce and improve both the positive and neﬁative sides of models. (More on
this when we cover model-based FMEAs.) This also applies to Consequences described in
Safety and Cyber analyses.

5. All product line segmentation / selection is described in Feature Space. (More on this as
you learn about S*Patterns and pattern-based methods.)

I”

and




States, State Variables

* |In general, a State is a condition of a system, described

by its State Variable(s) (e.g., position, velocity
acceleration, temperature, pressure, etc.):

* The state of a system component may determine

its input-output behavior (even if statistical)
during Interactions in which it participates.

* For the important special case of model-based Finite
State Machines (FSMs; finite automata), a State is a
single value of the related state variable, represented
by one block of an FSM diagram,

* representing a condition, mode, or situation,
persisting for a period of time,

* during which the system exhibits behavior
described by associated Interaction.

* We may model “State Transitions” from one finite

State to another (typically instantaneous).

* Those transitions may be caused by modeled
State Transition Trigger Events.

eeeeeeee
: Requirements

¢ Requirements

eeeeeeeeeee

.......................................................................

Stakeholde
Requiremen t Stakeholder Feature
Statement
\
\\\
Functional | :
Interaction j State — System
(Int tion) !
I—I .
System of ‘
8 L_|Sys
S*Metaclass shown is 5 Interface Access :
bedded in both a 1
ainment hierarchy and an |
raction (class) hi : Input/
: Output
8 ,— —(ati
Technical

Requirement >
Statement

Design
Constraint
Statement

........................................................................

S*Metamodel informal summary pedagogical diagram
(formal S*Metamodel includes additional details.)
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Three paths to finding all the Interactions

.................................................................................. .
R l ,
4 )
s ]
e '

eeeeeeeeeee Stakeholder
Stakeholder Feature

|5 L
* It turns out that “discovering all the It ‘] o |
Interactions” that need to be modeled isvery || =1 I ie
important: & row '

* You will eventually learn how this can greatly help X RS e

us “find all the Requirements” for a system. 1 Canuenent [
* So, the following is provided as a powerful * i | . n ;
way to “find all the Interactions”: B e e T

(formal S*Metamodel includes additional details.)

* There are three orthogonal paths to Interactions
in the S*Metamodel:

e The same interactions should

1. Feature-Interaction pairs tell us “why” an ot i all ihres il
Interaction occurs. * However, it is very common to

2. State-Interaction pairs tell us “when” an discover, for one of these three
interaction occurs. different perspectives, missing

interactions that need to be added

3. Actor/Interface — Interaction pairs tell us “who
to all three.

or what” engages in interaction.
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Patterns push us toward better model
completeness and consistency

* The above means that a system model is not likely to be complete if it

does not include:
* Some form of domain model, showing all external actors/external interfaces.

* Some form of state model, showing all possible system black box states.

* Some form of stakeholder feature model, showing the stakeholders’ value space.
* A listing of all the external interactions of the system of interest:

* Mapped to its external actors/external interfaces

* Mapped to its feature model

* Mapped to its state model

e ...that “covers” all the actors, features, and states.




Examples of Each Attribute Coupling Type: Cla SSes Of pa ram etri C
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Integration of the Risk Model

.7\
INCOSE

* Traditional systems engineering example risk analysis
representations are well-established, and can be I = =
. Failure Risk Analysis: Insights from
found in: Model-Based Systems Engineering

* Failure Modes and Effects Analysis (FMEA) or Failure
Modes, Effects, and Criticality Analysis (FEMCA).

» Special cases for risks of designs, risks of production and
other processes, risks introduced by human operators
(D-FMEA, P-FMEA, A-FMEA).

Fault Tree Analysis (FTA). » . .

. . . https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:
Pre||m|nary Haza rd Ana|y5|s (PHA) patterns:improving failure analysis using mbse v1.3.2.pdf
Reliability Centered Maintenance (RCM) analysis.
Hazards and Operability Analysis (HAZOP).

e Safety and Cybersecurity Analysis cases of the above.

* S*Models and S*Patterns teach us that Feature Space
becomes the key representation of Risk, generating
the above analyses from an integrated model.

William D. Schindel
ICTT System Sciences
schindel@ictt.com
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S*Patterns

S*Patterns are S*Models of classes or families of systems.

They are intended to be configurable, re-usable, and accumulate learning.
They are often patterns of “whole systems”, as opposed to components.

They are model-based patterns (there is a long history of other patterns).

As S*Models, they are based on the S*Metamodel (in any tooling & language).

Pattern-Based Systems Pattern Hierarchy for
q ; Pattern-Based Systems S N
ineering (PBSE raleln-based systems i
Engineering (PBSE) Engineering (PBSE Metamodel for : Stakehoider s;zt?:'e?:]d;rt L | stakenolder SEEEMNIE
Processes Model-Based Systems "a'%age Statement (attribute )\
Engineering (MBSE 2
\
_ \
Pattern Management A Functional 0 3
N~ N, Interaction i State — System |
Process | T™~0e,., N eeemmTTTTTTTeeel High Level (Interaction) i 1
~~~~ Requirements U /
. § '
21 o iz System of | !
g’ ;,U H Every S*Metaclass shown is / o Interface — Access :
= g embedded in both a / : [ o
E £ : conlalnmenl hlerarchy and an i .
3 a Te\;p;):.gm abstraction (class) hierarchy. ColIJ;I?nS; 5208 Input/
A H " Language \\
i i ' K [ \ : P attribute
Pattern Configuration TFeees p \
"wr e R o . (logical system)l '
Process :l ] **E ali E | Detal Level | R:srgﬁrrglrﬁzlnt > Functional
Product Lines or it [l YOy atte ) Requipmen Role A5 =
(P . G Qures System Families St o= Y E * R T rbute
rojects, || Mogg3angs,  f T T T T \=-------e- ‘ : : T
Ap pl |Ca.t| O nS) | | | | | | | | | | | | | E High Level Design (physical system -
— ‘ Design Constraint Design
Individual Product Component '
. . k Statement p ’
or System Configurations ‘\~~ Y attribute - — =~ o

Pattern Class Hierarchy



S*Pattern Configuration, Specialization

e Specialization transforms from an upper

Pattern-Based Systems pattern to a more specialized (lower)
Engineering (PBSE pattern / model.

R G * Configuration is a special case of

& o” ~\ - - . « o . .
P55 Yy ¥ " specialization, requiring less modeling skill:

1Y v . . .

o ‘,,.-._:‘.\ e Populate (including multiply) or

Impro T depopulated classes and relationships.
Pitte Product Lines or ' USSR © © © ® . ]

System Families “:}"' ‘,' . * Set Attribute Values.

'"';,.'.A_..,,..-." That’s all!
Individual Product :'] i : =n:
System Confi ti == .
e \\ — ./ e+ Configurable patterns are the “sweet

” k
Pattern Class Hierarchy spot” targeted by S*Patterns.
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More

Emergence of Patterns from Patterns: S*Pattern Class Hierarchy
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S*Metamodel
Core

El Pattern,
SOl Pattern,
Fitness, Value

Emergence & Definition

E=Entity
R= Relationship

Core
S*Metamod

S*Purpose,

{H =T

Fitness, Value

=
T
\

System of Innovation Pattern

el

Structured or
unstructured
semantic web

Smallest model
of a system, for
engineering or
science

aaaaaaaaaa

Agile Sys
Life Cycle
Pattern

ISO 15288

o

System Life
Cycle Mgmt

Pattern

i el Manufacturing JProduct Service[ Space Tourism [Electrical Power
Vehicle Domain
By System Pattern A System Pattern Pattern

of Domain Specific
Systems

More
Specific

Domain Specific
Pattern

Domain Pattern

I

Aircraft Flight
Control Pattern

Medical Device
Pattern

Distribution [So
System Pattern

. hnical Critical
cu;-Tec ncall nfrastructure
attern omain Patter




Configuration

Feature

FPK Interaction

Models from Patterns: Overview of MBSE Pattern Configuration Algorithm
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Understand your systems.
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Propagation of configuration population is inherent to

the nature of all engineered systems

e S*Feature Space drives configuration

from a smaller set of (stakeholder based)
degrees of freedom / points of variation.

* Simplifies Product Line Engineering (PLE)

model configuration rule-making and

integrates PLE.

Inherent PLE degrees of freedom config
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i
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Every S*Metaclass shown is
embedded in both a

containment hierarchy and an
abstraction (class) hierarchy.
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Relationship to Feature-Based PLE ala’ ISO 26580

Very similar in the PLE aspects, with a few differences:

* |ISO26580 PLE specifies modeling what changes, but specifies omitting what
does not change; S*Feature models include baseline capabilities.

* 1ISO26580 refers to all the points of variation as “Features”, with rules to be
established between them; S*Patterns begins with a smaller set of “Stakeholder
Features” degrees of freedom in stakeholder value space, then recognizes all
the other points of variation throughout the model but connects them with
each other up to the Stakeholder Features points of variation.

* This shows that the number of real degrees of freedom, after considering
constraints, is smaller.

* Effectively complies with 1ISO26580 while making its use simpler and more
integrated.




Automation aids for pattern configuration

R1: Pattern Configuration System

/ R1.2:

Pattern Data Third Generation

—— S
Agent

(JOIN technology)

In/Out
Tooling

/

Configured
* Model Data %

R1.3: Patter
Configuring
MUser"

Modeling Tool

\ Information

ConfigurationjAgent

Information /
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Config. Wizard User’s Feature Selection Interface_-
(Including Feature Primary Key Value Population)

12

1=

14
15

16
17
18
19
20

21
22

23
24
a5
26

Populate?

Yes/No

Selection 1

Pattern

Functional

Role |

E23

EOLET
(Attribute

Configured
Functional
)
Role
<

Mandatory Cruise Contraol Feature , ,
Optional Environmental Compatibility Environmental Issue B Rmm :
Mandatory Maintainability Feature Maintenance Capability 5'""“ﬂ“'|
Optional Military Vehicle Application Military Application Type |“T”“% oo
Feature Group
Optional Mavigation Feature MNavigation Capability
Mandatory Operability Feature Operations Capability Yes Automatic Automatic Maneuverability Selection Of Featu re B
Performance performance Pr|mary Key Values
Data Threshold
Measurement Detection and |
and Display Reporting e
Optional Passenger Comfort Feature Group|Comfort Issue Autornatic Performan .
Optional Personal Vehicle Application Personal Application Type rman
Feature Group Manl Performance |
Mandatory Reliability & Availability Feature Manual Performance | =
. — Operations Procedurs
Optional Remote Management Access Remote Access Capability Visibility | 5N
Optional Remote-Autonomous Operation Mo -
Mandatory Safety Feature Group
Optional Security Feature Security Management Mo Automatic Identification and|Physical Access  |Security Data
Capability Operational Authentication  |Locks Management
Privileges
Authorization
Optional Traction Control Feature Mo
COptional Vehicle Aesthetics Feature Group [Aesthetics Issue Mo Exterior Body Exterior Color Exterior Color Interior Color Interior Color Overall
Style Galeon Blue Handon Green Rich Brown Sand Dune Passenger
Mandatory Vehicle Delivery Feature No
Vehicle Management Feature Mo
Mandatory Vehicle Performance Feature Mo
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How to find out more about configurable

model-ba

sed patterns

https://www.omgwiki.org/MBSE/lib/exe/fetch.php?m
edia=mbse:patterns:pbse tutorial glrc 2016 v1.7.4.p
df

(_SICTT System Sciences

Bill Schindel
schindel@ictt.com

Troy Peterson : :
tpeterson@systemxi.com| €dia=mbse:patterns:pbse extension of mbse--

https://www.omgwiki.org/MBSE/lib/exe/fetch.php?m

Introduction to Pattern-Based

methodology summary v1.6.1.pdf

Systems Engineering

(PBSE): Leveraging MBSE Techniques

https://www.omgwiki.org/MBSE/lib/exe/fetch.php?
media=mbse:patterns:glrc 2018 tutorial--

mbse emerging issues v1.4.2.pdf

nal
el and

43

Conference 2016
Troy Peterson
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https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:pbse_extension_of_mbse--methodology_summary_v1.6.1.pdf
https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:pbse_extension_of_mbse--methodology_summary_v1.6.1.pdf
https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:pbse_extension_of_mbse--methodology_summary_v1.6.1.pdf
https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:glrc_2018_tutorial--mbse_emerging_issues_v1.4.2.pdf
https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:glrc_2018_tutorial--mbse_emerging_issues_v1.4.2.pdf
https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:glrc_2018_tutorial--mbse_emerging_issues_v1.4.2.pdf
https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:pbse_tutorial_glrc_2016_v1.7.4.pdf
https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:pbse_tutorial_glrc_2016_v1.7.4.pdf
https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:pbse_tutorial_glrc_2016_v1.7.4.pdf

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

Patterns & Technologies:

1. Semantic Technologies for Systems Engineering (ST4SE) Project.

2. Adaptive Learning Ecosystem Pattern—the INCOSE ASELCM Reference Framework.

3. Universal Model Metadata Wrapper: Model Characterization Pattern (MCP), w/ASME VV Stds Cmte & V4 Inst.
4. S*Pattern Configuration Wizard.

Publications:

1. Minimal S*Models—A Primer (including S*Metamodel and its formal mappings to OMG SysML and tools)

2. S*Patterns Primer (second ed)

3. ASME Guideline for Managing Credibility of Models for Adv. Manufacturing, w/ASME VV50 Stds Working Grp.
4. AIAA Aerospace Digital Twins Case Studies Pub; Digital Twin Analysis and Planning Reference Pattern, w/AIAA.
5. AIAA Aerospace Digital Threads Position Pub; Digital Thread Analysis & Planning Reference Pattern, w/AIAA.
6. Handbook of System Sciences, for ISSS via Springer: Chapter: “Patterns in Science and Engineering”, w/ISSS.

7. Handbook of Model-Based Systems Engineering, Madni & Augustine, eds, Springer, Chapter: “MBSE Patterns”.
8. INCOSE SE Handbook, 5t Ed., for INCOSE, D. Walden et al, eds, material on S*Metamodel and ASELCM Pattern
9. Support for Vision 2035 Implementation Streams: Innovation Applications, SE Foundations.

10. INCOSE INSIGHT, Dig. Engg. Issue, 2022, F. Salvatore, ed, Realizing the Promise of Digital Engineering: The

Innovation Ecosystem Reference Pattern for Analysis, Planning, and Implementation.




Interface Pattern Project

(became part of STASE Project)

Configurable patterns for Interfaces
of all types

Originally suggested by Frank
Salvatore

Initial work during 2017-2019

Became part of STASE Project in
2020

Additional progress on configurable
Interface Pattern achieved in 2021-
2022 as part of Semantic
Technologies for Systems
Engineering (ST4SE) Project. 45




Interface Pattern Project

Interface Context (ICT)
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Improved Generic Interface Pattern
(2021), a Subset of S*Metamodel

Configurable International Power
Converter MBSE S*Pattern—Includes
Family of Configurable Electrical,
Mechanical, and Information Interfaces
In STASE Project (2020-2022)

Generic S*Metamodel—
Includes Interface Pattern

Stakeholder
World
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Requirements

Technical
World
Language

eemeccccccccccccaccccoccccccaananas,

Stakeholder
Requirement
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Every S*Metaclass shown is
embedded in both a
containment hierarchy and an
abstraction (class) hierarchy.
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Semantic Technologies for
Systems Engineering (ST4SE)

Suggested by S. Jenkins, H-P deKoning. INCOSE TPP:
http://www.omaqwiki.org/MBSE/lib/exe/fetch.php?media=mbse:pa
tterns:incose patterns wq st4se 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

Semantic Technologies for Systems Engineering (ST4SE)

Example: Traveler’s International
Power Converter (IPC) S*Pattern

As practiced by INCOSE MBSE

As practiced by JPL Patterns Working Group

Semi-

Automated Automated
Conformance Pattern
Checking Agent Configuration

Agent

e.g., using semantic

e.g., using pattern
technologies and/or domain configuration algorithm
specific quantitative or (automated agent)
other tooling .

Arbitrarily Configured
Sourced S*Model S*Model
\- —
\ 4 Configuration option

Conformance
Exceptions
Report

choices
Manual Q
] modeling A
Automated Model Checking Against a Pattern Automated Model Generation From a Pattern 15




STASE Project

Report: Completed in late 2022

INCOSE MBSE Patterns Working Group Report:

Semantic Technologies for Systems Engineering (ST4SE) Project
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Adaptive Learning Ecosystem Pattern—the Learning
Ecosystem (ASELCM) Reference F

@ 26 /! INCOSE

* Collaborating with INCOSE Agile SE WG, a reference pattern Wy BT
was contributed by Patterns WG during the two-year INCOSE el o e e SrEEe
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 ey

Tl Eys Wamagr of .
mmmmm Bill Schindel

R i Ck Dove ] Ag i I e S E WG .) ’j " z‘:wg & — schindel@ictt.com r\c‘,r o\:ef arshi

« 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
SysML, for the planning, analysis, and management of

(Substaniiady a s 150015285 praceases are inciuded i al our Managa roies} Target
(it o Endrorms 1 o gravied tn NCOSE 1o pblsh ard

http://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mb
se:patterns:is2016 intro to the aselcm pattern v1.4.8.pdf

INCOSE Agile Systems Engineering Life Cycle Management (ASELCM) Pattern

advancement in learning ecosystems for projects, Consistency Management
enterprises’ and supply chains. as an Integrating Paradigm for
. . i o Digital Life Cycle Management with Learning
* The resulting multi-layer pattern focuses on |leveraging Digital
Engineering to advance performance through the paradigm e
of strengthened Consistency Management.

INCOSE/OMG MBSE Patterns Working Group
020 V1.2

« Those interested in participating can be a part of extension

Bill Schindel
Ictt.com

and appllcatlon Of thls pattern |n case StUdleS Of thelr own https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patt

erns:aselcm_pattern_--

projects, enterprises, or supply chains, plus related tooling.  _consistency management as a_digital_iife_cycle management

paradigm v1.3.1.pdf
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Adaptive Learning Ecosystem Pattern—the Learning
Ecosystem (ASELCM) Reference Framework

Learnings

Learning & Knowledge
Management Processes
for System 2 Processes

Feedback

(ISO15288 processes are included
in all four Management roles)

Deployments

Deployments

Innovation Ecosystem

(System 3)

Life Cycle Management
Processes
for System 2 Processes

Learnings

Learning & Knowledge
Management Processes
for System 1

Observations

Environment 2

Life Cycle Domain System

(System 2)

Deployments

Life Cycle Management
Processes
for System 1

Engineered System

(System 1)

Observations

Environment 1

Patter.n
Description

AlAA Pattern
Application

Used by AIAA as the foundation of the AIAA Digital Thread and AIAA Digital Twin Reference Models
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Abstract—Science and engineering involve discovery, repre-
sentation, explanation, and exploitation of recurrent pat-
terns, observed as phenomena. Model-based representations
describe not only natural phenomena and engineered prod-
ucts, but also the socio-technical systems of systems that
carry out scientific study, product engineering, medical
practice, public health, commerce, and regulation. The term
“Regulatory Science” invites us to represent and understand
innovation, regulation and their intended and actual conse-
quences as observable system phenomena in their own right,
using scientific and engineering principles, tools, and insights.
This article summarizes three classes of model-based refer-
ence patterns central to representing, understanding, com-
municating, and enhancing systems of innovation,
regulation, and improvement over life cycles. In order of
increasing scale, these pattern classes are (1) the domain-
independent pattern of model-based representation of system
phenomena (the $*Metamodel) in the sciences and engineer-
ing disciplines, underlying all modeling and simulation; (2)
domain-specific patterns representing families of natural
systems and engineered products in their life cycle contexts;
and (3) the large-scale Innovation Ecosystem Pattern, in
which science, engineering, commerce, medicine, and regula-
tion are performed, planned, and advanced—including
sharing of managed models and data across ecosystems. All

innovation ecosystems, including their regulatory and
other aspects. The premise that this is even practically
feasible rests upon an updated and more unified
understanding of what is meant by “‘system level
model”, based on the centuries longer traditions of
models successfully used by physical sciences and
mathematics. It is directly connected to this Special
Issue’s theme of “Modeling for Advancing Regulatory
Science™, and we assert that it provides key support for
the US FDA's related definition:

“Regulatory Science is the science of developing
new tools, standards. and approaches to assess
the safety. efficacy, quality, and performance of
some FDA-regulated products.” (FDA)!'! (em-
phasis added)

Many large-scale human endeavors have grown up
and proliferated through the evolutionary forces of
large-scale interactions and selection processes. How-
ever, as whole interacting systems of systems, they have




Consistency gap management paradigm for

INnnovation ecosystems

* The consistency management paradigm is the central
iInformation thread running through the ASELCM reference
pattern’s representation of any engineering/life cycle
management / supply chain system’s primary activities.

System of Innovatio (SOI)Ptt n Logical Architectu
( dapted from ISO/IEC 15233:2015)
Project Processes

I | I v

A Guatty Awsurancs | [ nformaton
)[R [, II--m-r-'I

Includlng the dlgltal thread and its many precursors

Program Boundary

e




Related collaboration project across four technical societies

« Different discipline communities (e.g., ISO 15288 SE versus ASME VVUQ-1 computational modeling
communities) have different consistency confirmation frameworks, nomenclatures, standards.

 This can be a challenge when performed “together” for trust-critical integrated systems.

« Working groups of INCOSE, ASME, AIAA, and NAFEMS are collaborating on a comparative “Rosetta
Stone” mapping of different consistency confirmation frameworks of different communities:

Multiple
Upstream Artifacts crinli e e
P disciplines ] T T
1 , ‘ Upsﬁream Artilfacts
. . . . . . . I ‘ Upstream Artifacts i ==
Artifact 1 Artifact 2 Artifact 3 Artifact 4 Artifact 5 Artifact 6 Artifact 7 : : Ty : |
Artifact 1 — Artifact1l | Artifact2 | Artifact3 rtifact 6 rtif: — :
. Consistency :E e o |
Artifact 2 b i I 5 .-
Type A A Constercy
Consistenc 7 s | et -
Artifact 3 Y \ e
Type B d e 1

Downstream Artfifacts

Consistenc
Artifact 4 y For one
Type C . ey
. Consistency | Consistency d|SC|pI|ne
Artifact 5
Type D Type E
C . t Upstream Artifacts
Artifa ct 6 O n s l S e ncy Artifact 1 Artifact 2 Artifact 3 Artifact 4 Artifact 5 Artifact 6 Artifact 7
Type F Arttct 1
5 Consistency
Artifact 7

Type G

Consistency
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Downstream Artfifacts

ccccccccccc

ccccccccccc

Merged multiple discipline mapping

www.incose.org/IW2024



Related collaboration project across four technical societies

Simple example: Computational model community VVUQ-1 consistency confirmation
nomenclature versus ISO 15288 systems engineering consistency confirmation nomenclature:

AS M E h Computa.::::\:?;l.:)delv&v “ Combined V&V View
VVUQ-1 et
(2022)

-
ua 1
-
-~
1]
Medel emputer CONCEPTUAL
Validation wlatbon MODEL
: -
. TORIA n

COMPUTERIZED
MODEL

Model Requirements
Validation

Model
Stakeholders

Model Validat

Conceptual Model
alification

Real Modeled
System

Computational Model
Requirements

SO - | o,
15288 =

E Solution Stakeholders Regquirements
(2023) | Validation Validation
i Verification

Conceptual Model
\_/ E Realized i > System
J Eix Requirements

Realized
Computational Model

Verification
ccuracy)

Construction

Model Non-Accuracy
Requirements
System

; Computational odel Verification
. Consedgtion verfbtionby | Model Design by Analysis

' Consistdqcy nalysis & !

E Check System Simulation 2

: Design ‘




Related application of Hamiltonians for IT
and soclio-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 energy
part of the ASELCM System 2 Hamiltonian.

* Dublin was Hamilton’s home, where we'll expand on
the following this summer during 1S2024.
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Releasing the SysML beta test implementations

Under consideration:

Beta Release to
Test Sequence

Beta Test Package Content

S*Patterns SysML Environment Beta Package:

S*Metamodel

Mapping of S*Metamodel to Cameo Systems Modeler

Profile and Templating for Cameo Systems Modeler

Pattern Management Guide

S*Pattern Configuration Wizard

S*Pattern Configuration Wizard Guide

Simple Test S*Pattern: International Power Converter

ASELCM S*Pattern Beta Package I:

Configurable ASELCM Features, including Consistency Management
Pairs, Digital Thread, Digital Twin, Package | Guidance.

ASELCM S*Pattern Beta Package II:

ASELCM Interactions, Roles, Design Components, Package Il Guidance.

ASELCM S*Pattern Beta Package III:

ASELCM Parametric Couplings, Requirements, Package Ill Guidance.

This sequence is also a

learning curve for users

Working Group
interest in beta
testing?

Potentially in the
new INCOSE Lab.



Universal Model Metadata Wrapper: The Model Characterization
Pattern (MCP), W/ 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 reavesl | ooee | DM sy odd
Representation, and Model Life Cycle =11 t11 =
Management.

Those interested in participating can be a part

The Model Characterization Pattern (MCP)

of continued testing and feedback on the =F =]
application of the MCP to model library e
. . niversa daracterization dbeling
organization and management, model S*Pattern for All Computational Models 5
' 59
EXChanqu and markets, and model life CyCIe http://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbs

Credibi”tv 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.
e Currently in use in STASE Project, to be distributed with its deliverables.

S*Pattern Hierarchy for S0 W e .
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~_-E’?'Et.e.rf--- bddd bth / : ccess |,

ontainment hie hy and an
Im veCon gure, Technical bst ction (Iass)h archy.
Specialize World
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i System Families Ll om ) Y
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Class Hierarchy S RS | SO €0 ot s’

" "|'! ‘-' S*Metamodel informal summary pedagogical diagram
1 :F"'q - s (formal S*Metamodel includes additional details.)



S*Pattern Configuration Wizard

R1: Pattern Configuration System

/ R1.2:

Pattern Data Third Generation

—— S
Agent

(JOIN technology)

In/Out
Tooling

/

Configured
* Model Data %

R1.3: Patter
Configuring
“User”

Modeling Tool

\ Information

ConfigurationjAgent

Information /

61



S*Pattern Configuration Wizard

Guide to the
S*Pattern Configuration Wizard

S*Pattern Configuration Wizard Third Party Modeling Tool
or Repository

-F"-._-___-_‘-"‘\-

S*Pattern
Repositary

onfigurable S*Pattern

i _:- Configured 5*Model {  5*Model

Famiisn
Syale
Cl

10/27/2022

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

patterns:guide to the pattern configuration wizard v1.2.8.pdf

BY 5 PATTERNS COMMUNITY 1 © X2 SYSTEM SCIENCES, LLE
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Minimal S*Models— | project
: v
A Primer = C

* 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
information set.

» Those interested in participating can be a part of writing and review of this
S*Metamodel Primer—including examples.

S*Metamodel

Metamodel VVersion 7.1

S*Metamodel informal summary pedagogical diagram
(formal S*Metamodel includes additional details.)

Systematica®

Do more with less

BY S'PATTERNS COMMUNITY

©2019, SYSTEM SCIENCES, LLC

This formal Metamodel Ref is not the Primer.
https://www.omagwiki.org/MBSE/lib/exe/fetch.

php?media=mbse:patterns:systematica 5 m

etamodel v7.1.6a.pdf
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Minimal S*Models—  project
. v
A Primer 5o

5*Models and the S*Metamodel: A Primer 7 More Example 5*Model Content
Decorated Cover Copyright, Access, and Legends Ol Filter with FMEA etc.
8 References
What is the smallest model of a System?
In a Nutshell: What fre S*Models? What Is the S*Metamodel? What Problem Do They Solve? S*Methodology V1.6.1
Scientific foundations
Table of Contents Handbook fifth edition
Table of Figures See also S*Patterns Primer
1 Document Purpose, Scope, Intended Readership S*MTM Doc
Downloadable profile
2 Motivation of the Need S*pattern Primer
Representing Systems SE Handbook 5th edition
Observed State of Systems Engineering Practice vs. Other Engineering Disciplines WG web site
Information versus Process versus Automation
Strengthening SE Theoretical Foundations: Motivation from the Physical Sciences
The System Phenomenon
Strengthening SE Practice: Motivation from Current Practice
All Behavior in Interaction
Functions vs. Interactions
Xfer fes . .
Common shortcomings observed in system models . O t I
3-way and finding all the __ u I n e O r rI I I l e r
FMEA

Larger Context Motivations
The Value Selection Phenomenon

e * Join this project!

ASELCM
Practical Matters: Tooling and Languages

e * Good way to learn about MBSE,

The INCOSE MBSE Patterns Working Group

e s S*Models, and the S*Metamodel.

Agnostic and mapped
The informal Metamodel: Introduction to S*Metaclasses and S*Metarelationships
A simple example S*Model

4 What is the S*Metamodel?
The 5*Metamodel reference
More S*Metaclasses and 5*Metarelationships

5 Tooling and Language Mapping

S*Profile for CSM
6 A Starter Kit for S*Modelers

64




S*Patterns Primer
(second edition)

ect

Existing (first) edition

The Patterns WG generated an introduction and
overview of pattern-based methods and their
relationships with other subjects—this was several poter e Eraneen (o3, Ssed on B RAel
years ago and before the emergence of newer

INCOSE Tech Ops approaches to INCOSE e e s e e

TeCh n ical P rOd u Ct (11 p ri mers” On Va rious Su bjeCtS uMp‘ie:jj;,:Z;?;;:::L:ZIE;;;_The INCOSE-maintained on-line directory “MBSE Methodology: List of
supported by the working groups. O i Y
This project is concerned with recasting the earlier | it T
publication in the form of an updated “Primer” on

model-based patterns and related subjects. http://www.omgwiki.org/MBSE/lib/exe/fetch.php?

media=mbse:patterns:pbse extension of mbse-
-methodology summary v1.6.1.pdf

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
submission as a Technical Product.

orSy!lechnﬁglmlim!r Prmo
INNNANRARRRRRRRANAN
System Pattern
Class Hierarchy



http://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:pbse_extension_of_mbse--methodology_summary_v1.6.1.pdf
http://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:pbse_extension_of_mbse--methodology_summary_v1.6.1.pdf
http://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:pbse_extension_of_mbse--methodology_summary_v1.6.1.pdf

S*Patterns Primer GECL ot o s
(second edition)

In a Nutshell: What ILl\.re S*Patterns? What Problems Do They Solve?

Table of Contents
Table of Figures

1 Document Purpose, Scope, Intended Readership

2 Requisite Background

* QOutline for Second Edition#‘

3 Patterns and the History of Science and Engineering

Patterns in General

 Join this project!

Heritage of Patterns in Physical Sciences; System Science Goal
Architectural Frameworks, Ontologies, Reference Models, Platforms, Families, Product Lines

o Good Way to |earn about pattarne, Configurations, Comprescion, Specialization

Distillation and Representation of Learning
Group Learning and Accessibility
M B S E P atte rn S Trust in Models; Group Trust
" Impact on System Life Cycle Processes
Applications to Date

e Be a Reviewers or Writer. o Uangsttems

Configuration versus Specialization
A Simple Example

« Second Edition—

5 Tooling and Language Mapping

R . S*Metamodel Mapping
estructures as a Primer

Configuration Wizard

Example Using the Configuration Wizard

A PBSE Starter Kit
Maore Example S*Pattern Content
Oil Filter with FMEA etc.

8 Referencas

What is the smallest model of a System?

S*Methodology V1.6.1

Scientific foundations

Handbook fifth edition

See also S*Patterns Primer 66
S*MTM Doc




ASME Guideline for Managing Credibility 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 credibllity, supported by model metadata pattern.

* Balloting in 2022.

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 https://www_omqwikilorq/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 VlZSDdf

Verification and Validation,
May 19-20, 2021 67



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

Related collaboration project by
ASME-INCOSE-AIAA-NAFEMS

Managing Engineered Consistencies:

Reconciling Semantics of Confirmation Frameworks

Encouraging A Conversation Across Technical Societies

schindel@ictt.com

Discussion Draft
V1.2.4

https://www.omqwiki.org/MBSE/Ii

b/exe/fetch.php?media=mbse:pa

tterns:cross discipline consiste

ncy dialogue v1.2.4.pdf
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AlAA Aerospace Digital Twins Case Studies Publication and
AlAA Aerospace Digital Thread Position Publication—

Supported by INCOSE ASELCM Reference Pattern
AIAA-INCOSE Collaboration producing Aerospace Digital Twin

and Aerospace Digital Thread reference models, based on ASELCM Pattern

https://www.aiaa.org/resources/diqgital-
twin-implementation-white-paper
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Handbook of System Sciences, for ISSS via Springer--
Chapter: “Patterns in Science and Engineering”, w/ISSS

@ Springer Link

By i e |SSS Reference

System Patterns in Engineering and Science

= === Textbook project

Living reference work entry

SPRINGER NATURE

186

Gary S. Metcalf | Su p p O rte d by P a.tte 'ns

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 seience and - - -
2 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
< 7 ] Spri 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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Chapter: “I\/IBSE Patterns”.

Generation of “Pattern-Based
Methods and MBSE" chapter
for new Handbook of Model-

Based Systems Engineering.

Editors: A. Madni and N
Augustine.

https://link.springer.com/referencework/10.1007/978-3-030-93582-5
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Pattern-Based Methods and MBSE AU
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William D. Schindel
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Abstract

Patterns are recurning regulanties, having fixed and variable parts, across
engincered systems, systems of engmeering, production, distribution, and
sustainment, as well as the natural world. Ranging from concrete pattems of
engineered product lines to abstract pattems behind architectural frameworks,
reference models, ontologies, and general or domain-specific languages, pattemns
are implicitly involved in all MBSE practice. Methods reported m this chapter
exploit the power of explicit MBSE pattems, using the leverage of acquired
knowledge to speed processes, reduce rediscovery and error, and lower nsk.

W. D Schindel (1)
ICTT System Sciences, Tere Haute, IN, USA
e-mail: schindel@ictt.com

@ Springer Nature Switzerdand AG 2022 7 1 1
A Madni et al. (eds.), Handbook of Model-Based Svstems Engineering,
hitps://doiorg/ 10, 1007/978-3-030-27486-3_73-1
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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 content on pattern-based methods to
the INCOSE SE Handbook, 5" edition project,
now available.

« The structure of the 5" Edition of the SE
Handbook was re-architected compared to
past editions, based on progress and needs of
the community.

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

» Qverall project led by INCOSE Handbook N WiLEY
Editorial Team, chaired by Dave Walden. New (5th) Edition

12



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 B i - |
oroject, completed for IW2022. =t rﬂd”“%“b”mw:’d“”BSE’li’hf”é‘“
* Publication project led by editorial b
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:
ESrStEIg’[al"gg?n? related INCOSE SE Foundation Elements

Discussion Inputs to INCOSE Vision 2035 Theoretical Foundations Section

ywareness version, 1 hour) Copyright ® 2020 by W. D. Schindel. Permission granted to INCOSE to publish 73-



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
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

An alternate order for introducing and interpreting

Hamiltonian and Hamilton’s equations of motion

« Traditional Sequence (based on recognized energies of familiar types):
— Start from an accepted Lagrangian for a familiar system class, energies (e.g., mechanical).
— Perform Legendre transformation to obtain Hamiltonian (H).
— H satisfies Hamilton’s equations of motion, including generalized momentum, conservation
of energy, etc., and is directly integrable via symplectic integrators.
« Alternate Seqguence (based on observation of state trajectories):
— Start with any deterministic? system and its state variables (state ‘positions’, velocities).
— Observe the state trajectories of the system over time.
— Generate a “characteristic function” H from the observed state trajectoriess.

— This H likewise satisfies Hamilton’s equations of motion, defines a generalized momentum,
and is integrable via symplectic integrators.

— Provides a broader interpretation of P.E. and K.E. beyond more familiar mechanical and
other “traditional” systems—energy as a “characteristic function” in spirit of Hamilton.

(2) Also formulated for probabilistic and discrete systems. (3) One interesting method: Machine learning.



Example: Simple Harmonic Oscillator (SHO)

Legendre Transform
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(a) Hamiltonian (b) Lagrangian
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Traditional Reasoning Sequence Example: Simple Harmonic Oscillator (SHO)

Legendre Transform
>

(a) Hamiltonian (b) Lagrangian

H = p2+g? L = %x2- x?

Trajectory | Trajectory
q v
(9,p) Phase Plane xx) Config Plane
X
- State Trajectories State Trajectories
q;i =

) oOH Alternate Reasoning Sequence oL d /oL

9H where p; = — _ 0
_ 6xi Bxl- dt axl
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INCOSE INSIGHT, Digital Engineering Issue,
March, 2022

F. Salvatore and T. Gilbert, special issue editors

Realizing the Value Promise of
—— Jigital Engineering: Planning,
Digital Engineering mplementing, and Evolving

Digital Thread Explortion in Syndeia shows SysML v2 mods! elements acessed via standard RESTHTTP API
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Gaining the benefits of Digital Engineering is not only about implementing digital technologies. The Innovation Ecosystem is
a system of systems in its own right, at least partly engineered, subject to the risks and challenges of evolving socio-technical
S g oy S it systems. This article summarizes an aid to analyzing and understanding, planning, implementation, and ongoing improvement

it e of the Innovation Ecosystem or its components. It is based on a generic ecosystem analysis reference model with particular focal

viewpoints. It is represented as a configurable model-based formal pattern and the INCOSE MBSE Patterns Working Group

2022 —_ N initially applied it in a related INCOSE collaboration project led by the Agile Systems Engineering Working Group. Users of the

VOLUME 25 /15081 |NCO§E resulting framework subsequently elaborated and applied aspects in the context of a wide variety of commercial and defense
A PUBLICATION OF THE INTERNATIONAL COUNCIL ON SYSTEMS ENGINEERING Vo g ecosystems across different domains. While connecting to several current and historical contexts, it is particularly revealing of 79

Dlgital Engineering’s special promise. By explicating the recurrent theme of Consistency Management that underlies all historical
1 innovation. it enbances oor nnderstandine of historical as well a3z future enocineerine and lite cvcle manacement This indodes 1
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