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Agenda 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
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Began 9.5 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.

Our working group web site remains part of joint OMG-INCOSE MBSE wiKki...
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S*Patterns

1.

Models containing a certain minimal set of elements are called S*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).

. S*Models can be (have been) created and managed in many different COTS

modeling tools using such diverse languages.

. Re-usable, configurable S*Models are called S*Patterns.
. By “Pattern-Based Systems Engineering” (PBSE) we mean MBSE enhanced by

these generalized assets to enable model configuration from trusted patterns.

. 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 . ..

» 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 learning, for individuals, groups, and machines;

* the basis of human cognition and reasoning;

 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.
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The INCOSE Patterns Working Group: Who are we? e A

i
Y’l

! &l..:;';é.

=~

 QOur most active members come from across diverse domains:
— Automotive
— Advanced Manufacturing
— Aerospace
— Consumer Products
— Defense

— Health Care, Medical Devices, Pharmaceuticals
— Others

« During the last nine 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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INCOSE.org MBSE Patterns WG
Launch Page:

< Return to INCOSE Home

MBSE PATTERNS
WORKING

https://www.incose.org/incose-member-resources/working-
groups/transformational/mbse-patterns

INCOSE-OMG MBSE Joint Initiative
Web Site for MBSE Patterns WG:

et MBSE Wiki

und in the practice of

https://www.omgwiki.org/MBSE/doku.php?id=
mbse:patterns:patterns




Resources, Projects, References by Subject

Foundations
and Paths to
Stronger 5E

How INCOSE and the systems communify are visualizing and reaching ouf fo the future. How the INCO.SE MBSE Paftems
Warkding Group is applying 3 stronger foundation bassd on the System Phenomanon snd the history of paftems in the physical
sciences and mathemstics fo snhance and fransform the i ies of Systems Enginesring.

MB8SE_Transformation_Adoption_Pattern_Praoject

PBSE Introduction, Basic Subjects, Tutorisls, Education

Strengthened Foundations of Systems Enginesnng and Systems Science
S*Pattems—IP Landscape

Paths to the Futures of Systems Engineering
Legacy_Product_Line_Pattern_Extraction_Project_with_PLE_\WG

Madel Communities Outreach

The formal systems paftzm rafersnce f rk that desonbes systams i in al its forms, configurable for planning

Patten

Credibility of
Models—Trust
in Patterns

Maps to
Frameworks,
Schema,
Tocls

Diemain
Pattemns

cen

and analyzing specific plans, situstions, and A framework in which Systems Enginesning [or any sysfem Iife cycle
management) of any method and arganization referencing 15015288 and the INCOSE SE Handbook, and the use of MESE
Pattems in particular, can be planned. organized, deployed, analyzed, and managed. snd confinuously sdvenced over fime.

Agile_Systems_Engineering_Life_Cycle Management (ASELCM)_Discovery_Project with ASE WG
Innowation_Collaboration_Ecology_Project_with_TIMLM_WG_and_PLE_WG

Patiems in the Public Square—Innowvstion in Regulated Domains

Augmented Intelligencs in Systems Enginssring

Systerns Enginesring 35 a Complex Systern

Innowation Ecosystem Introduction Project

Mdodels are increasingly used to support more crifical and impactful decisions. Models are increasingly used by people or
organizafions ofher than those who authored them. Accordingly, trust in the crem.m}dyafnwu‘efs vm‘f aﬂ.y bn'\:lme mors
important fo manage over iime. Whaf are the principles and pracfices for and
managing tnesf in models over their §fe cyoles? How does the credibility of recuming paftems ren\.l'e Jsﬂ cost of establishing
and maintziming thaf trust?

Model Wrapper, Model Characterization Pattern

Trust=d Model Repository Pattern
Verfication_& Validation_of_Medels_Project_with_ASME_Stds_Cmize

There sre growing lists of ar reference iodogies, and similar

semantic constructs, used 25 the basis for models of systems, aufomation 'oo.ﬂng progust fines, and otherwise. Mapping the
Stliefamodel to these provides an expsnded means for understanding snd using a given framework, schema, or fool. This
includes making 3*odels and 5*Pstfems fool agnostic, portable scross modkling languages, and for supporting aufomatsd
reasoning and more bssic quenes sbout moosls in diferent systems

Mappings to Frameworks, Schema, and Tools
Semantic Technologies
5*Pattemn Configuration Wizard

S*Patfems are about recurming things within some genersl or nammow environment, refered fo as a domain. The follows=

iNusirstes Z*Fsftems across different spplication domains

General Land \Vehicle Patiern \S
\e\‘ \Q\2

T ce Ma A1
=z resou ~ oy subie®
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_.wdl Bracket Fattern

primary_flight_sctuater_pattemn_and_sutomated_verifeation
Qil Fiker Product Line Pattern

505 Pattemns

Collaborations, Partners, Shared Interest Groups

Most of the projects performad 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.

On main web site
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Primary Working Group and Partners Meeting Materials-—-By Event e i b ¥ oo i e Rt S el ==, it —————
v 9 P 9 Y MEBSE Symposium, Allen, TX
The folowng table lists chronclogical meetings, . and other events in by the MESE Fatierns Working Geoup. The finks en s =
. the right side of the tabla Sk 10 drount o s woka ralintat At % June 50, 2017 2;&'15; Panerns WG Panic in AlAAAviaton | Done Bil Schindel, Troy Peterson | MBSE_Pasterns_WG_Panic_in_A
Nine years | — ey R e T I e
June, 2013 Provide PBSE Tutorial 3t 152013 Done 5 Sehinsel, Troy Faterson a a skas Conference GLRC1! Done Bl Sehindel GLRC11_10.12.17
meetin materials Aug. 2013 Gain agresment of MBSE leadership Done | B Schindel, Troy Paterson On I I Ialn Web Slt &P;mcr- - Done | Bl Schinde MBSE_Panerns_WG_Partcpatior
nargyTech 2017,
g Jul-Aug 2013 Cellgct inital team members. refine charter Done B Schindel, Troy Peterson
Cctana PRoNoarRsE Tuoil MCURC20 Do | S schiodl, Tioy emcion 1an20-28.2018 | MBSE Pamerns WG Partic in INCOSE Cone | B Schindel MBSE_Paerns_WG_Paricipatior
b Patte rns WG Do 2018 | Chatenoe twam s page cremed Done | 88 Sohece 108 dacisarle. FL
Jan 27,2014 Crallenge team meg IW2014 Done | B Schindel, Troy Peterson | Fanems_Challenge_Team_Meg_0 Apri, 2018 MESE Patterns WG Partic in IFSR Done | Bal Schindel MBSE_Patterns_WG_Participation
Cenvarsation 2018, Linz. Austia
June 20-30, 2014 | Challenge team mig IS2014 Done B Schindel, Troy Peterson | Fattems_Challenge_Team_Meg 0
May. 2018 MBSE Panemns WG Paric in INCOSE 2018 | Done Bl Schindel MBESE_Pamerns_WG_Faricipation
a n CO a O ra O rS Aug 12-14, 2014 Chalignge team 3 NDIA GVSETS 2014 Done B Schindel, Troy Peterson | Patems_Challengs_Team NDIA Health Care Systems Conference. Cosleracce 2018
) Aug 18,2014 Cralienge team mig Done | B Schindel Troy Faterson | Fattems_Chalienge_Team_Mig_0 Meneapois, MN
Sep 02,2014 Cralienge team mig Done 80 Schindel, Troy Paterson | Patiems_Challenge_Team_Meg_0 May, 2018 MESE Patierns WG Partic in Agrospace Cone Bl Schindel MBSE_Pamterns_WG_Paricpation
Corporation SE F Chantily, VA 018
by eve nt Sep 15,2014 Cralienge team mtg Done | Bl Schindel, Troy Peterson | Pamems_Chalienge_Team_Mig 0 —
uly. 201 MESE Patierns WG Partic in INCOSE Cone @ Schinde! MBSE_Patterns_WG_Partcipation
Sep 30,2014 Cralenge tearn mtg Done | BE Schindel, Troy Paterson | Patiems_Chalienge,_ Team_Mig_0 sy, S0t 152018\%4'1‘;: e » e i
Ocx 14,2014 Chalarge e Done | G Schindel, Troy Peterson | Patiems_Chalienge_Teem g1 oy, 2018 MESE Patierns WG Panic i 15552018 Done | B Schindel MESE_Patterns_WG_Partcipatior
Oct 28, 2014 Crallenge team mig Done Bl Schindel, Troy Peterson | Fatiems_Challenge_Team_Mig_1 Corvalis, OR
Nev 10,2014 Challenge team mtg Done B Schinded, Troy Peterson | Pattems_Challenge_Team Mig 1 Ost. 2018 MBSE Patierns WG Partic in SAE 2018 Cone Bl Schinde! MESE_Patterns_WG_Farticipatior
Standands Summit 'S Corex
Dec 17,2014 Chalienge team mig Done Bl Schindel, Troy Peterson | Patiems_Challenge_Team _Mig_1 e R Tysos WA
Jan 12, 2015 Challenge team mtg Done | B Schindel Troy Peterson | Fatiems_Chalenge,_Team_Mig_0 o8 zn"ss‘f‘ - ““‘;‘N e ICOSEGLRC | Doos | B8 Schindel MESE_Pateay_WG_ Paricipation
Jan 2027, 2015 Crallenge team mig M2015 Done B4 Schindel, Troy Faterson | Fatiems_Challenge_Team_Mig_0 Oet 2018 NESE P 3 WG P -~ FDAFESE o 05 MBSE_Pameens_\WG_P:
Mar 17, 2015 Challenge team mig Cone Bil Schinded, Troy Peterson | Pattiems_Challenge_Team_Meg 0 Seminas, Washington OC
Apr21,2015 Chalienge team mtg Cone B Schindel, Troy Peterson | Fattiems_Challenge_Team_Mig_0 Jan, 2000 MESE Panierns WG Pantic in INCOSE Done B Schindel MESE_Panerns_WG_Partcpation
May 18,2015 Crallenge team e Done | B8 Schindel Troy Peterson | Famems_Challenge_Team_Meg_0 MR, Temance. CA
18,201 a Troy P Te May, 2019 MSSE Panierns WG Panic n ASME Moce! Done Bl Schinge! MESE_Paterns_WG_Faricipation
June 16,2015 Cralienge team mig . Cone | B Schmhl roy Peterson | Pattems_Challenge_Team_Mig_0 VEV 2019 Symposum. Las Vegas, NV
June 14, 2015 ASEE Syswem Competencies Workshop Cone Mario Simoni ASEE_2015_Systems_Compaten Way, 2019 Crar s It B2 T _Pasem_)
Juy 1213, 2015 | Challenge team mtg 152015 Done | Bil Schindel, Troy Peterson | Pattems_Chalienge_Team_Wig_0 Prep, indianapols, IN
Jan 12, 2018 Panerns WG mig Done B4 Schindel, Troy Feterson | Fanems_Challenge_Team_Mig_0 July, 2010 MEBSE Paterns WG Pantic in INCOSE Done B4 Schincel MBSE_Panerns_WG_Paricipasior
130312018 | Paterns WG mig M2016 Done | 8i Schindsl Troy Peterson | Patiems_Challenge_Team_ig_0 152010, Oianca, F1
May24-25 2018 | MBSSE Pamerns WG Paniciation in INCOSE  Done | Bl Schindel, Troy Peterson | MBSE Pazems_WG_Panicipation Oct 2010 MSSE Paverns WG Panic nASSESS 2018, Done B Schindel MBSE_Panems_WG_Panicipatior
Agle Health Care Systems Conference Adanta. GA
Judy 5. 2018 WESE Panerns WG g Done | Bil Schindel Troy Peterson | MBSE Pamems_WG_Mig_07.05.1 Janusry. 2020 n"‘BSE m‘%‘:"“ nINCOSE Done B Schincel MBSE_Pamerns_WG_Partcipatior
oy 17.2018 MESE Panerns WG meg 152018 Cone | Bil SchindelTroy Peterson | MESE Pazems_WG_Team_Mag_{ - )
= 9 = = L WG_Taam . January. 2021 MESE Patierns WG Partic in INCOSE Cone Bl Schinde! MBSE_Pasterns_WG_Partcipation
July 28.2018 Il-'SSE f:nvru WG Participation in Done Bl Schindel MBSE Patems_WG_Paricipation IW2021 Virtual Sessions
_' April. 2021 MESE_Pazerns_WG_Panicipation_In_ASME | Done Bl Schincel MBSE_Pazerns_WG_Farticipation
Sept 18-21, 2018 m&uum?wawn Done Bl Schindel MSSE Pazemns_WG_Pamcipation MSE Swuis Cmiee Sping 2021 Mags Migs
May. 2021 MSSE_Pazerns_WG_Panicipation_In_ASME | Done B4 Schindel MBSE_Patterns_WG_Partcipation
Nov 7-5. 2018 MSSE Paterns WG in ASMEWS0Cmeee | Done | Bill Schinsed MBSE_Panemns_WG_Partcipation Madel VBV 2021 Symposium
on VBV of Models, Schenectady. NY
Apri. 2021 MESE_Pacterns_WG_Panicipation_in Done | Bil Schindel MBESE_Paterns_WG_Participatior
Nov 28-26, 2018 :ase mi\f ParicinINCOSEAEEE | Done | B4 Schince! MBSE_Pazems_WG_Paricipation Lever Momentum 2031 Confarence. L S
- June, 2021 MBSE_Patterns_WG_Pamicpation_In Done Bl Schincel MBSE Patterns_WG_Participation
Jan28-31,2017 | MBSE Patierns WG Megs 3t W2017 Done | Bil Schindel. Troy Peterson | Pattems_Challenge_Team_Mig_0 Indiana Digaal Thread Technical Exchange Exchange Meetng
Aprd 12,2017 MSSE Patierns WG Panticipaton in INCOSE | Done B4 Schindel Patems_WG_Panic_Enchantmer Meetng
Encharemant Chaptes Meeting (New Mexco) December, 2021  INCOSE_North_Texas_Chagter_Program Cone | Bil Schindel MBSE Pamens WG Pamopation |
May 2.5, 2017 MBSSE Fanerns WG Panicipation in ASME Done B Schindel Patems_WG_Panic_ASME_Mod Program
Model VBV Symposicn, Las Vagas Jauay.2022 | AAA_SCITECH2022 Done | John Matik MBSE Paserns WG Suppert for &
May 18-17. 2017 | MSSE Paterns WG Participation in INCOSE | Done Bl Schindel Fatems_WG_Panic_INCOSE_A¢g
Agie Health Care Systems Conf, Chicage 1747 Janvary. 2022 INCOSE_Ma022 | Done | B Schine. Troy Peterson | MBSE Pasems WG Panicpaten |
May 21242017 | MBSE Panerns WG Partiipation in NoMagic | Done | Bil Schinde! Panems_WG_Partc_No_Magic_h durn, X2 INCOSE Norfh TX Chaptar P fcon | 8 Scticrsl BESSE Pulians WO Pasiclpution |
MBSSE Symposium, Allen. TX June, 2022 INCOSE_152022 Done | Bil Schindel MBSE Paterns WG Participation |
June 59, 2017 MSSE Panens WG Panic. in AlAA Aviation Cone Bil Schindel, Troy Peterson | MBSE_Panterns_WG_Partc_in_A June, 2022 ALARBJATION 2022 Done B# Schindel MBSE Pagems WG Participation |
sl Jan, 2023 INCOSE W 2023 Pending | Bil Schindel. Troy Peterson | MBSE Patterns WG Partioipation |
200 S e N e OO B Schiel ooy Pateraon Pty Choerge Tae g0 - —




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 “Yammer”, another form of social
media in the new INCOSE IT ecosystem.

 The MBSE Patterns WG has a Yammer Community getting started, but we are
not nearly as far along with this as the other 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!

Yammer P Search MRSE Patterns ... ™ @ @ @ @ ?
@ wil hindel s . Members + 202 +
trasa MBSE Patterns Working Group 1ooca
B Home feed ti'w:
Yammer A rEETTS @00000
@ storylines : — I Yammer Community for MBSE Patterns
WG [INCOSE YCcode: mpat]
(= Edit description
Favorites d Infi
O - Mission:
Improve your Yammer experience
by creating a list of your favorite T

communities MBSE Patterns Working Group

Conversations About Files Events

My communities )
Share thoughts, ideas, or updates

% MBSE Patterns Worki... &

- : . : y -
= a . clar ﬂ Quest 1;? " - P
& Healthcare Working Gr... & Discussion Question Praise == poll

& PLE Working Group

All conversations Recent posts

4 Human Systems Integratio.
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How to get involved with Patterns WG

 If 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



Membership in the MBSE Patterns WG: “-f;)‘*
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



Nearly all our work includes partner INCOSE WGs or others

Virtual
Validation,
Verification &

International
Society for the

International
Federation for

Visualization JAIAA Systems ASME System INCOSE
Institute rm—— Research (IFSR) Sciences (ISSS)
(var) American ASME Model Complex
Institute of V&V Systems (CsX)
INCOSE Committee INCOSE WG

Aeronautics &

IN;(_Z__O_;E
) Astronautics .
Enterprise Product Line Systems of
Systems Engineering Systems (SoS)

WG cose (PLE) WG INGOSE WG e

Systems
Science WG

MBSE Patterns
Working
Group

Health Care
WG

INCOSE INCOSE

Tools Interop.

Semantic Agile Systems

Technologies for ‘ WG -~ & Model Life
Systems INGOSE NG~ Cycle Mgmt. INCOSE

Engineering Critical (TIMLM) WG

(ST43E) INCOSE Infrastructure Vo.er‘y small
Model-Based . Entities (VSE)
Transformation Protection & WG
Recovery (CIPR)

WG

Participate! Collaborate! ”



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 look at a small sample of theory & practice for the next 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 mbse--methodology summary v1.6.1.pdf

e MBSE Patterns Tutorial

http://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:pbse tutorial glir
c 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
example v1.6.2.pdf

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

16



Formalizing System Terms and Representations

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

Causes behavior

‘ N\ System
/," - .’

External .-~
“Actors” ..

e, System
Component Causes changes in

* 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.

(* Other world view definitions of “System” are acknowledged; there are reasons for our minimalist choice of definitions.)
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any language, view, or tooling, which
can be semantically mapped to the
S*Metamodel (e.g., SysML, etc.):
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i . ' S*Metamodel informal summary pedagogical diagram
. (formal S*Metamodel includes additional details.)
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So what is the S*Metamodel, and more important why is it?
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Statement

S*Metamodel: A reference model of models ¢ g

unctional

'
'

\ '

| '

nteraction m System |1
raction; .

:

'

System of | !

/ : Access |}

/ . .

: '

Fitne: : '

(A) Coupling” : 3

gt :

\ e '

e The S*Metamodel is intended to answer:

 What is the smallest amount of information necessary
to describe a system over its life cycle, for the
purposes of science and engineering?

Input/

* Important because contemporary MBSE models often:
* Are missing key aspects (are too small) Informal pedagogical S*Metamodel
* Contain redundant conflicting aspects (are too big) subset diagram
* At the same time!

* We will be discussing prominent examples of both.

S*Metamodel

Metamodel Version 7.1
 This session will briefly refer to the “informal

pedagogical” S*Metamodel diagram above, as a orz0to
partial intuitive guide.

* Backed by the formal S*Metamodel (~100 pages of
UML and prose), to understand its formal mapping
to modeling languages like OMG SysML, third party

modeling tools, etc.) e

Formal S*Metamodel
(~100 pages UML & prose)

* Not an alternative modeling language or tool!



Existing mappings into OMG SysML,
other languages, and your tooling

+¥ Cameo Systems Modeler 19.0 - Vehicle Pattern 10072021.mdzip [C:\L

hindel\Doc

Docs\ICTT, Inc\Mktg\Customers4\SSI —- Troy Peterson\2021 SSI Traini
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File Edit View Layout Diagrams Options Tools Analyze Collaborate Window Help
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| Pattern Features and Feature Attributes
" Pattern Features File
" Pattern Fitness Couplings
Automatic Braking System Feature
Commercial Vehicle Application Feature Group
Consumables Compatibility Feature
Cost of Operation Feature
Envirenmental Compatibility Feature
Military Vehicle Application Feature Group
Passenger Comfort Feature Group
Persanal Vehicle Application Feature Group
Reliability & Availability Feature
Safety Feature Group
Traction Control Feature
Vehicle Aesthetics Feature Group
Wehicle Delivery Feature
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. Consumables Compatibility
Feature
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12 . Feature
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14 Cost of Operation Feature
15 Cruise Control Feature
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16 Feature
Environmental Compatibility
7 Feature

18 Maintainability Feature
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Systematica™ Methodology Release 4.0

S*Metamodel Mapping
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Mapping Guide

Configured for:
Sparx Systems Enterprise Architi

Version 1.5
November 22, 2019

By: S* Patterns Community

S*Metamodel Mapping
for

OMG SysML®

Version 2.1.3
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https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:

patterns:systematica mapping for magicdraw csm v1.9.1a.pdf

Filter is not applied. 51 rows are displayed in the table.

Systematica”

Do more with less
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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 ﬁrovide 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
* Operational or In-Service Domain
* Maintenance or Sustainment Domain
* Distribution Domain

sLogical System»
Hostile System

«Logical System»
Application
System

3 Fueling
nterface Charging Intedace

«Logical System»

«Logical System»

aLogical System»

«Logical System»
Remote

System System

Load

«Logical Systems
External
Attachment

Management System

Aggregate Traffic

aLogical Systems
Nearby Vehicle

sLogical System»
Vehicle Transport
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:

* 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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+ Requirements / g

. / :

. I 5

. 5

' - -

. 5
/

H 4 2

.

. itne:

I} in

L N et .
." A Stakeholder Stakeholder kehol F \‘.
' ord Requirement Stakeholder eature 1

9'” g Statement { atrous )y
\
\

Every S*Metaclass shown is

embedded in both a

containment hierarchy and an

Technical abstraction (class) hierarchy.
World

Language

\

‘ Technical
o Detail Level .
¢ Requirements Requirement

L_Statement |
'
i High Level Design (physical system) -
§ Desion Constraint Co[r)ne:;%';nt
'
Statement ==

* Y —==

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

System Interactions
Making the Heart of Systems Maore Visible

INCOSE  GLRC 2013: Leadership Through
3 Systems Englneering Comyrigh! © 2013 by Waliam B, Schinel

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




Interactions: Vehicle example
° E La"vage Sratement )
_—mmmmmmmmmm—_m—_m—— : A
/, - \ i High |
| Interaction: Aspirate J \ ;Re““‘ ments
[ [ =
| . o T i SR
. Ry e ! IS = &
: k - - - E De‘a;eve‘ S;at;emenk >
~ H
I Exhaust : S ~ : Higthe\ cDesign
Gas ntake H esion onstraint
I | : :lt\ail: — ™| «lLogical Systems | = ~ * Y e
I Vehicle ~ ~ S*Metamodel informal summary pedagogical diagram
| I ~ (formal S*Metamodel includes additional details.)
\ ’ > ~ pkg Interactions /
/ ~
N S e e e e = = = — - RS m,m
_ - - o ; \*’%ﬁ.‘.?:: | . Rt Vel =y oy o |
A key point for systems engineers is not to over-emphasize “my system” as o, [ | | | | e
opposed to its interactions with external actors. e =—— = |
Sometimes engineers object that “I am not responsible for and cannot | s
control those other actors”; however, . . . st Deluer Vil e
The fact is, the OUIK externally visible behaviors your product will exhibit are G || emerionee || vl || setetee
its interactions with those external actors.
The technical requirement specifications for your product are all manifest in e (e B EE
its interactions with external actors. | N R o S e
You do not have to design or control those external actors, but you do have :
to understand their behaviors in interaction with your product. g =
Interactions are shown as diverse types of model and tabular diagrams and — P
views: Collaboration Diagrams, Sequence/Timing Diagrams, FFBDs, Free s oo S I
Body Diagrams, etc. =] | | =5




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

Stakéo\der Stakeholder
World Requirement Stakeholder Feature
Language
v Statement (attribute
— ey \\

\
\
|

Functional

{
4
4
§
!
:
A/
High Level I
Requirements.

Every S*Metaclass shown is
th

s /| embedded i
H containment hierarchy and an
3 Technicaly abstraction (class) hierarchy.
:/ La\f\/om\ -_—— =
H

L

— e — -

age
/.
/ Detail Level Tec!mlcal \_
P — / l [St‘atemenl ( -
V4 L
1 -
I / H.Sn Level - Deslgr}
/ i - L - gonstramt
I / \" 7 tatement
/7 - " ; " I
| - S*Metamodel informal summary pedagogical diagram
/ - - (formal S*Metamodel includes additional details.)
| -
/ -
P -

Containment (Part-Whole) Hierarchy:
* Vehicle System

SvE SRS S e Class (General-Special) Hierarchy:

* Vehicle Propulsion System
e Braking System

containment hierarchy and an
abstraction (class) hierarchy.

* Ambulance Vehicle System Functional Roles
(Logical Systems)

1
1
embedded in both a I * Vehicle System
|
|

Functional Roles
(Logical Systems)

Military Ambulance Vehicle System

* Brake  Mil Ambulance Vehicle, configured for Desert.

Important to traditional engineering
decomposition and Bill-of-Materials

Important to pattern management, product line
. . . 24
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”
e 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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Stakeholder Stakeholder
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Stakeholder Feature
Statement
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S*Metamodel informal summary pedagogical diagram
(formal S*Metamodel includes additional details.)
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Stakeholder Features: Vehicle example

pkg Features J
«melaclass»
Foature
Altribute
Attribute
afeature» «foaturss «featuren feature foature «feature»
Az:l'?c:ln :)Inv:::t::’le Commercial Vehicle Ap':IIllct:rﬂyo:eF':::m Satoty-;::l::r:.(;mup i | C bl Porvf::l:‘a:wo
Group Application Feature Group Group Compatibility Feature | | | Compatibility Feature Feature
Personal A ion Type || C A Type || Military Application Type Safety Rating Environmental Issue Consumable Type Top Speed
Duty Cycle Duty Cycle Duty Cycle Cruising Speed
Cruising Range
Acceleration
Seating
«feature» «feature» Load
Automatic Braking Traction Control
System Feature Feature
«feature» Vehicle Deli
[ I I Reliability & Availability Foature
«feature» «feature»  «featuren «feature» Feature
Vohiclo A Passongor Comfort Vehicle Management | | - Cost of Operation | [0 oo First Availability Date
Feature Group Feature Group Feature Feature Design Life Development Cost
A Scheduled Down Time Development Time
Aesthetics Issue Comfort Isssue Operating Cost Unscheduled Down Time | | Unit Production Cost
Transfer Price
Target Volume
[ | | | Target Production Rate
«feature: «fonturm Finandial Risk
«features - «feature» «featuren o Schedule Risk
Operability Feature Mug‘;h;:'a: fity Security Feature Configurability Feature Mc::mlzllxly
Operations Capability Maintenance Capability Security Capability Configuration Capability Accounting Capability
coabxss PP sfestire The feature of targeted configurations of the
Cruise Control ti g vehicle being developed at an acceptable
Festive Featine Groj Accees Featine cost in an acceptable time, with acceptable
risk.
The feature of being capable of being
dealuies Remote efficiently arranged or rearranged, adjusted or
Navigation Feature altered for a different use within the

limitations of the current design. This includes
support for maintaining awareness of the

current or other configurations of the system.
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Like the Tardis: Bigger «

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 small” and
“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 FMIEA 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 neFative 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 segqmentation / selection is described in Feature Space. (More on this as
you learn about S*Patterns and pattern-based methods.)




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.
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stm Vehicle State Diagram ,l

Salvage
Comple!
Vehicle Entry Bagin
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F"‘"’“‘ vumq In Vehicle Exiting Vehicle

Vehicle Idle Criteria Exited

States: Vehicle example

View Vehicie Ride In Vehicle View Vehicie
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Vehicle Entry
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Apphcation
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Three paths to finding all the Interactions

T T e
R e .
* |t turns out that “discovering all the 1 @
Interactions” that need to be modeled isvery 77| =1
important: | \
* You will eventually learn how this can greatly help | } |

us “find all the Requirements” for a system. §*”93:£~:51 Rgarement
* So, the following is provided as a powerful

way to “find all the Interactions”:

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

(physical system

Design
Constraint
] Statement

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

e The same interactions should

1. Feature-Interaction pairs tell us “why” an oot fin all ks 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.



......

,,,,,,,

States/Modes and Interactions View
1 ] 1 ] ] e B ) — "
Removed Water Local Surface \"s" n”f:air:m :'Jar:_: aon Feature

T
]
i
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aog
e
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Interactions-Actors
Associations

Features-Interactions Associations
.

Inherent Relational Checks of
High Level Model

Completeness / Consistency
(Model Metrics)

Three paths to the same Interactions
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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.
 Alisting 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: Cl 3555 Of pa rfam etri C

* Fitness Couplings: How is technical

.
=

behavior valued by stakeholders? e.g., cou p | N gs
Surgical Installation Time.
* Decomposition Couplings: (AKA e R S TR S R .
Emergence Couplings) How does e RS;?"t':n,,',“tt N -
component or subsystem performance I _ R
impact system performance? e.g., Timing i L. [ [ ﬂ insacton T sote || syst
Stability Coupling. eq = = ,r_sitlmf
* Characterization Couplings: How does med(m) .,,F',ut,
the identity of material, chemical I Language N =Ny
composition, or part number predict A — reerE— T - :
behavior of same item? e.g., Connection | ™§™ | Potarmen £ F Rt'<|_>(
Lead Life as a function of Lead Material. | R —— —
* Input-Output Couplings: How does a role * gtntt:: - CO?:SZ?,'QLT&
input impact a role output? e.g., e e o sommen g a7
Waveform Detection time, as a function Of (formal S*Metamodel includes additional details.)

Input Waveform.



Integration of the Risk Model

* Traditional systems engineering exalnple risk analysis o Emm
. . ..J ~ - | p 4 IFD%E
representations are WeII-establlshed, and can be i o R'skAn-;I s.; lﬁs'ghts o
Hu 1 ySis: i

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).

FaUIt Tree AnalySIS (FTA). https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:
Preliminary Hazard Analysis (PHA). patterns:improving failure analysis using mbse v1.3.2.pdf
Reliability Centered Maintenance (RCM) analysis.
Hazards and Operability Analysis (HAZOP).

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

e 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

i P Pattern-Based Systems N g .

Engineering (PBSE) Enaireering (PBSE Metamodel for W cisnois | Stakeholder R e :

Processes N ' L R;?;ler:nr:::\t E
Engineering (MBSE v

Pattern Management ' L}
[~~~ 3
Process y emmemTTIT . ! HgnLeva
Ops s hCT + Require ments
Corg i -~
s, A S ing . ’._-" E =
Yy Os‘9 - . 9
. : :
Y H

& B
g‘ Y] very S*Metaclass sh
= = mbedded in both a
= ] ontainmert hierarchy and an
b = Tec abstraction (class) hierarchy.
| Wi
v Lan
Pattern Configuration LA
: Technical
Process Product nes or B v R;quirernent
. System Families —Statement |
(Projects,
Applications) T o Besian
Individual Product : Design Constraint . ;
or System Configurations % ___{___![ _________ S fte_":fr_“_ __________________________ T

[IRERNRNRNRERERERN
Pattern Class Hierarchy
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S*Pattern Configuration, Specialization

* Specialization transforms from an upper
Pattern-Based Systems pattern to a more specialized (lower)

pattern / model.

e Configuration is a special case of
specialization, requiring less modeling skill:
* Populate (including multiply) or
depopulated classes and relationships.
* Set Attribute Values.
That’s all!

e Configurable patterns are the “sweet
spot” targeted by S*Patterns.

Pattern Class Hierarchy
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More Emergence of Patterns from Patterns: S*Pattern Class Hierarch ,;',4'_: )
General v, '. mey )
Definition of : vy
Relational Entity- Structured or
L Relationship E=Entity unstructured
Modeling Paradigm Batadigy E R= Relationship semantic web
Migirlcla::s Sl:rll'l Smallest model
etamodel: i of a system, for
Definition of S Megamodel g‘f.(ft ol engineering or
(Elementary) System, sl St science

Material Cause

Emergence & Definition of

System of Innovation,
Fitness, Value, Purpose,

Stakeholders, Agility, Final
Cause, Formal Cause,
Efficient Cause,
Intelligence, Management,

Science, Living Systems

I

El Pattern,
SOl Pattern,
Fitness, Value

[ |

System of Innovation Pattern

Agile Sys
Life Cycle
Pattern

ISO 15288

System Life
Cycle Mgmt

Pattern

Emergence & Definition

of Domain Specific
Systems

Domain Specific
Pattern

Manufacturing
S

Terrestrial
Vehicle Domain
Pattern

System Pattern

Pattern

Product Service [ Space Tourism YElectrical Power
Domain Pattern

Medical Device

ystem Pattern
Aircraft Flight
Control Pattern Pattern

System Pattern

Distribution

z = ritica
Socio-Technical Infrastructure
Domain Patter

Pattern

More
Specific
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Propagation of configuration population is inherent to

the nature of all engineered systems
» S*Feature Space drives configuration

POPULATED METACLASSES ("THEN")

from a smaller set of (stakeholder based) ]
. . . | £
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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.

* |ISO26580 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 ISO26580 while making its use simpler and more
integrated.




Automation aids for pattern configuration

R1: Pattern Configuration System

/ R1.2:

Third Generation
Configuration
Agent
(JOIN technology)

Pattern Data

———

In/Out
Tooling

Configured
1 Model Data 1

R1.3: Patter
Configuring
“User”

Modeling Tool

\ Information

ConfigurationjAgent

Information /

41



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

11

12

1S

14
15

16
17
18
19
20

21
22

23
24
25
26

Feature

Feature Attribute

Populate?

Selection 1

Selection 2

Partern

==

Functional

’;‘:‘Cnnﬂguud

Configurati Yes/No ST
Mandatory Cruise Control Feature - l
Optional Environmental Compatibility Environmental Issue 3 : “eoimqp
Mandatory Maintainability Feature Maintenance Capability =
Optional Military Vehicle Application Military Application Type

Feature Group
Opticnal Mavigation Feature Mavigation Capability
Mandatory Qperability Feature Qperations Capability Yes Automatic Automatic Maneuverability Se | ectlo n Of Featu re
Performance Performance Pr| mary Key Va | ues
Data Threshold
Measurement Detection and |
and Display Reparting =
Optional Passenger Comfort Feature Group|Comfort Issue Autornatic Performan .
Optional Personal Vehicle Application Personal Application Type pultomatic Derforman
Feature Group tarwal Performance|
Mandatory Reliability & Availability Feature Marwuial Performanee| =
N — Operations Procedure
Optional Remote Management Access Remote Access Capability Visibility | 58
Optional Remote-Autonomous Operation No -
Mandatory Safety Feature Group
Cptional Security Feature Security Management No Automatic Identification and|Physical Access  |Security Data
Capability Cperational Authentication |Locks Management
Privileges
Authorization
Optional Traction Control Feature No
Cptional Vehicle Aesthetics Feature Group |Aesthetics I1ssue No Exterior Body Exterior Color Exterior Color Interior Color Interior Color COwerall
Style Galeon Blue Handon Green Rich Brown Sand Dune Passenger
Mandatory Vehicle Delivery Feature No
Vehicle Management Feature No
Mandatory Vehicle Performance Feature No

42




How to find out more about configurable
model-based patterns

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

edia=mbse:patterns:pbse tutorial glrc 2016 v1.7.4.p
df

Q@ICTT System Sciences

Bill Schindel
schindel@ictt.com

Tty Peteisoi https://www.omgwiki.org/MBSE/lib/exe/fetch.php?m
tpeterson@systemxi.com | €dia=mbse:patterns:pbse extension of mbse--

Introduction to Pattern-Based Systems Engineering methodology summary v1.6.1.pdf
(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
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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/AlIAA.
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, 5% 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 3‘:
(became part of ST4ASE Project)

Configurable patterns for Interfaces
of all types

Originally suggested by Frank
Salvatore

Initial work during 2017-2019 o T
Became part of ST4SE Project in e L
2020

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

High Level
Requirements

Generic S*Metamodel— ooy s s

embedded in both a
containment hierarchy and an

<Permits Relationship I n Cl u d es I nte rfa Ce Patte rn Toctmcs) abstraction (class) hierarchy.

< Permits_Functional_Interaction Langu:
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N At 0% System of
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3

“Atibutd] 0.

Modeled Relationship Reification

Archi(ectura

Relationship Role

Simple

Architectural [2—tas
tectural 1 ety Rol

Relationship

NG Reified Role> L
Architectural [* m ationl Power Converter [us] Electrically Powered Device L)
Relationship [T Has Attribute > Local Power System _l

Improved Generic Interface Pattern J _
(2021), a Subset of S*Metamodel

Configurable International Power o L o

ang i
mirmaion | ot |

Converter MBSE S*Pattern—Includes o e
Family of Configurable Electrical, | - o
Mechanical, and Information Interfaces

in ST4ASE Project (2020-2022)
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Semantic Technologies for
Systems Engineering (ST4SE)

Suggested by S. Jenkins, H-P deKoning. INCOSE TPP:
http://www.omqgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:pa
tterns:incose patterns wg 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 query and reasoning technologies.

« Semantic technologies strengthen impact of model-based semantics on engineering.

 Technical Product Plan: INCOSE distribution of data structures, not just documents.

47
* Interested participants can be part of evaluating utility and new distribution paradigms.




Semantic Technologies for Systems Engineering (ST4ASE)

S*Pattern
) As practiced by INCOSE MBSE
As practiced by JPL + Patterns Working Group

v

Example: Traveler’s International B
Power Converter (IPC) S*Pattern Semi-
Automated

Automated

Conformance Pattern
Checking Agent Configuration
: . Agent
e.g., using semantic 'y e.g., using pattern
technologies and/or domain Y

configuration algorithm

specific quantitative or (automated agent)

other tooling

Configured
S*Model

Arbitrarily
urced S*Model

\ 4

Configuration option

choices
Manual
modeling A

Automated Model Checking Against a Pattern Automated Model Generation From a Pattern 13

Conformance
Exceptions
Report




STASE Project

Report: Completed in late 2022

INCOSE MBSE Patterns Working Group Report:
Semantic Technologies for Systems Engineering (ST45SE) Project

Version 1.10.6
Oct 31, 2022

International Council on Systems Engincering

INCOSE Patterns WG Report--ST4SE Project--1.10.6.docx
Copyright 2022 by INCOSE Patterns Waorking Group

INCOSE MBSE Patterns Working Group Report--ST4SE Project

Contents

Project Team and Acknowledgements
In a Nutshell: STASE—What Problem Are We Solving, and How? What Value to Me?

1 Report Purpose, Scape, Intended Readership

2 Background and Pre-Requisite Knowledge
2.1 INCOSE MBSE Patterns Working Group and the Value of Model-Based Patterns
2.2 Basics of Semantic Technologies, Ecosystem Models, $*Models, and S*Patterns
2.3 Beyond the Basics: How to Learn More

3 Summary of the Project
3.1 Consistency Management as a Paradigm for Engineering and Life Cycle Management
3.2 The Interface Pattern; Use in the Traveler Power Converter Pattern
3.3 Enhanced Generation of a Model Consistent with a Trusted Pattern

3.4 Teams, Scale, and Trust: Implications in the Larger Innovation Ecosystem Environment

4 Tooling and Technologies Utilized
4.1 Semantic Technologies Applied, Placed in the Larger Information Ecosystem
4.2 Modeling Languages and Representations Utilized
4.3 Modeling, Semantic, and Pattern Configuring Tools

Utilized

5  Project Results Demonstrated
5.1 Enhanced Generation of a Model from a Trusted Pattern
5.2 Enhanced Checking of a Model Against the Same Trusted Pattern
5.3 Gaining Access to the Project’s Teoling and Information

6 Observations, Conclusions, and Implications for Action
6.1 Observations During the Project
6.2 Project Conclusions
6.3 Explare and Gain from this Project: Suggested Incremental Actions You Can Take
6.4 Additional Questions for Future Work
7 Engaging with the S*Patterns Community
8  Definitions
9 References
10 Document Change History

INCOSE Patterns WG Report--STASE Project-1.10.6.docx
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Semantic Technologies for Systems Engineering (STASE):
A Project of the INCOSE MBSE Patterns Working Group

Project Execution, Report Authoring, and Advisory Team:
Mark Blackburn, Stevens Institute of Technology
Ken Cureton, U. of Southern California
Hans Peter de Koning, European Space Agency (ESA)
Steve Jenkins, NASA IPL
Stephen Lewis, ICTT System Sciences
Bill Schindel, ICTT System Sciences
Acknowledgements

Report Review Special Thanks To:

Joe Marvin, Prime Solutions Group

Kathryn Trase, Ball Aerospace

Dariusz Walter, BAE Systems Australia

Previous Phase Interface Pattern Project Team:
Frank Salvatore, SAIC

Jason Sherey, ICTT System Sciences

Jonathan Torok, US Navy

(Affiliations listed above were at the time of activities referenced.)

INCOSE Patterns WG Report--STASE P

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

cose patterns wg report--stdse project--1.10.6.pdf
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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 u!r 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
Rick Dove, Agile SE WG.)

» The original pattern (Agile SE Life Cycle Management | N
(ASELCM) Operational Reference Pattern) was subsequently http: //wwwomqw1k| OrQMBSE Nblexelietch php 7media=b
formalized by the Patterns WG as a configurable S*Pattern in et ie e e s saten 2

S: 'SML, for the planninq’ anaIVSiS, and manaqement Of INCOSE Agile Systems Engineering Life Cycle Management (ASELCM) Pattern
advancement in learning ecosystems for projects, ' Consistency Management "
enterprises, and supply chains. ~asanlntegrating Paradigm for
) ) ) L Digital Life Cycle Management with Learning
» The resulting multi-layer pattern focuses on leveraging Digital | |

Engineering to advance performance through the paradigm R el
of strengthened Consistency Management.

INCOSE/OMG MBSE Patterns Working Group Bill Schindel

» Those interested in participating can be a part of extension

and app“catlon Of th|S pattern |n case StUd|eS 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 life_cycle managemedy

paradigm v1.3.1.pdf




Adaptive Learning Ecosystem Pattern—the Learning

Ecosystem (ASELCM) Reference Framework

Learnings

Learning & Knowledge
Management Processes

Innovation Ecosystem

for System 2 Processes

Processes

~
Life Cycle Management

for System 2 Processes

-‘

Deployments (System 3)
Deployments

. Life Cycle Domain System

Learnings (System 2)
-
i Learning & Knowledge Deployments
Management Processes
for System 1 [ Life Cycle Management h
Processes
for System 1

Pattern {6}
B e P
‘{{%‘}\M odel

(15015288 processes are included
in all four Management roles)

Environment 3

Observations

Environment 2

ngineered System
(System 1)

Observations

Environment 1

Pattern
Description

AlAA Pattern
Application

Being used at IW2023 for FUSE Vision 2035 Implementation: Innovation Application Workstream



Adapt

Iive Learning Ecosystem Pattern—the Learning
Ecosystem (ASELCM) Reference Framework

Annals of Blomedical Engineering. Vol 51, No. 1. January 2023 (@ 2022) pp. 225-240

https://doi org/10.1007/510439-022-03

S.1. : Modeling for Advancing Regulatory Science

Check for
updates

BIOMEDICAL
ENGINEERING
SOCIETY

Patterns in the Public Square: Reference Models for Regulatory Science

WiLLiam D. SCHINDEL &

ICTT System Sciences, Terre Haute, [N, USA

{ Received 7 May 2022; accepted 9 September 2022; published online 7 October 2022

Associate Editor Joel Stitzel oversaw the review of this article.

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 S*Metamodel) in the sciences and engineer-
ing disciplines, underlying all modeling and simulation: (2)
domain-specific patterns representing families ol 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

D O S i

s SRR e T s

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




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 Reqgs for models. (ASME WG led by Joe Hightower.)

* This universal metadata framework includes ’m‘
Model Identify and Focus, Model Utility, Model —
Scope and Content, Model Credibility, Model FEA Mocel ODE Mot B—

Representation, and Model Life Cycle
Management.

* Those interested in participating can be a part
of continued testing and feedback on the
application of the MCP to model library

A Universal Characterization & Labeling

Orqanlzatlon and manaqement, mOdel S*Pattern for All Computational Models

I 53
exchanqes and markets’ and mOdel Ilfe 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




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.
Currently in use in ST4SE Project, to be distributed with its deliverables.

Configure, ‘

Pattern Si; k i ‘ Product Lines or
m System Families

S
T e

Individual Product ' i
or System Configurations

Hi= o H
o IR
INIRRRRRRRRNR RN sty

"
" ' N
[ '
[ ' *
5 - "
Fatiern ‘
g
o
iii ]
"
[
"
[

¢ Systein Pattern S
R4 Class I-lierarchy S

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

R1: Pattern Configuration System

Configured
Model

Modeling Tool

/ R1.2:

PatterniData Third Generation

—— el ey
| %3 { Agent
n/ou
Tooling (JOIN technology)

Configured

Model Data 1

R1.3: Patter

Modeling Tool ConfigurationjAgent

Configuring
llUser"

Information

Information j

55



S*Pattern Configuration Wizard

Guide to the
S*Pattern Configuration Wizard

Third Party Modeling Tool
or Repository

5*Pattern
e I
f S*Pattern Reposktory

{Enmey anTig0l
i . | Configured S*Model 5" Model
i Repositary

S5*Pattern Configuration Wizard

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
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Minimal S*Models—

. P project
A Primer

gtarty

* 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
information 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 Version 7.1

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

Systematica”

Do more with less

BY S PATTERNS COMMLNITY

W0, SITEN SCBCESL L

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

php?media=mbse:patterns:systematica 5 m

etamodel v7.1.6a.pdf
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Minimal S*Models—
A Primer

cxartup PO

E*Models and the S*Metamodel: A Primer 7 More Example S*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 Are 5*Models? What Is the 5*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 fcts . .
Commeon shortcomings observed in system models ‘ O t I
3-way and finding all the __ u I n e O r rI I I | e r
FMEA

Larger Context Motivations
The Value Selection Phenomenon

L] L] L]
* Join this project!
Trust O
ASELCM
Practical Matters: Tooling and Languages

e  Good way to learn about MBSE,

The INCOSE MBSE Patterns Working Group

R S*Models, and the S*Metamodel.

Agnostic and mapped
The informal Metamodel: Introduction to 5*Metaclasses and $*Metarelationships
A simple example 5*Model

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

5 Tooling and Language Mapping

S$*Profile for CSM
6 A Starter Kit for S*Modelers
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S*Patterns Primer iect
(second edition)

Startup

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 I

INCOSE Tech Ops approaches to INCOSE e e o e s

Pattern-Based Systems Engineering (PBSE), Based On S*MBSE Models

TeCh n ical P rOd u Ct (13 p ri m e rS” O n Va ri O u S S u bj eCtS uMpie:zsc:;;erscz:ér:\:g:;dzorhe INCOSE-maintained on-line directory “MBSE Methodology: List of
supported by the working groups. bt bt e
This project is concerned with recasting the earlier | s S,
publication in the form of an updated “Primer” on

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

Those interested in participating can be a part of ~ TeCa=ibseina emsipbse exiention of mbse-
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.

S’Pattern Hierarchy for




S*Patterns Primer
second edition

gtarty

Outline for Second Edition-'

Join this project!
Good way to learn about
MBSE Patterns.
Be a Reviewers or Writer.

Second Edition—
Restructures as a Primer

o Project

S*Patterns: A Primer

Decorated Cover Copyright, Access, and Legends

In a Nutshell: ‘What IL'—\re S*Patterns? What Problems Do They Solve?

Table of Contents
Table of Figures

1 Document Purpose, Scope, Intended Readership
2  Requisite Background
S*Models and the S*Metamodel

3 Patterns and the History of Science and Engineering
Patterns in General
S*Patterns
Heritage of Patterns in Engineering
Heritage of Patterns in Physical Sciences; System Science Goal
Architectural Frameworks, Ontologies, Reference Models, Platforms, Families, Product Lines
Patterns, Configurations, Compression, Specialization
Distillation and Representation of Learning
Group Learning and Accessibility
Trust in Models; Group Trust
Impact on System Life Cycle Processes
Applications to Date

4 Using 5*Patterns
Configuration versus Specialization
A Simple Example
Creating and Updating S*Patterns

5 Tooling and Language Mapping
S*Metamodel Mapping
S*Profile for CSM
Configuration Wizard
Example Using the Configuration Wizard

6 A PBSE Starter Kit
7  More Example S*Pattern Content
Oil Filter with FMEA etc.

8 References

What is the smallest model of a System?

S*Methodology V1.6.1

Scientific foundations

Handbook fifth edition

See also 5*Patterns Primer 60
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 credibility, 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
Gordon Shao, NIST, guodong.shao@nist.qov, working group vice-chair

ASME Virtual Symposium on
Verification and Validation,
May 19-20, 2021

https://www.omqgwiki.org/MBSE/lib/exe/fetch.php?medi

a=mbse:patterns:model life cycle working group stat

us v1.2.5.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/digital- https://www.omgwiki.ora/MBSE/lib/exe/fetch.php?m
twin-implementation-white-paper edia=mbse:patterns:aiaa-aviation _dge-05-
report_deic_digital _thread_position_paper 2 .pdf

Report on the AIAA DEIC Digital Thread
Position Paper

Digital Thread Subcommittee
Aviation Forum, Chicago, 30 June 2022

Copyright © by American Institute of Aeronautics and Astronautics, Inc
Published by the American Institute of Aeronautics and Astronautics, Inc., with permission.
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Handbook of System Sciences, for ISSS via Springer--
Chapter: “Patterns in Science and Engineering”, w/ISSS

SPRINGER MATURE

S. Metcalf
yoichi Kijima
Hiroshi Deguchi Editors

Handbook of

Systems

@ SpringerLink

Handbook of Systems Sciences pp 1-43 | Cite as

System Patterns in Engineering and Science

Autl Authors and affiliations

William D. Schindel

Living referen

orkentry

First Online: 02 Septembe:

Abstract

Human life is experienced as recurring system patterns — the informal events of everyday
living, expression of creativity and zesthetic experiences of the arts, organized observation and
discovery in the physical sciences, and technieally 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,
explicit formal methods for discovering, synthesizing, representing, analyzing, and applying
patterns, have reached great heights. transforming human life over three eenturies. In spite of
successes. diversity of language and perspective across individual physical science and
engineering disciplines has masked the common thread of system patterns running threugh
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

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

ity of existing engineering envi s while advaneing ability to develop new
scientific and engineering disciplines for more complex domains, including markets, networks,
distribution systems, the Internet of Things, ecommunities, and the innovation proecess itself.
This chapter and references provide an actionable perspactive for readers interested in this
revolution. A key lesson of this chapter is that system patterns reduce the challenge of

accomplishing nearly any goal in the life of systems.

ISSS Reference
Textbook project
supported by Patterns
Working Group.

Chapter on “System
Patterns in Engineerin
and Science”

An ISSS-INCOSE effort.
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Handbook of Model-Based Systems (i
Engineering, Madni & Augustine, eds, Springer,

Chapter: “MBSE Patterns”.

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

Based Systems Engineering.

Editors: A. Madni and N
Augustine.

+ Pattern-Based Methods and MBSE

Proof copy in production
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« The Patterns Working Group is contributing
invited content on pattern-based methods to the _
INCOSE SE Handbook, 5" edition project, now INCOSE
in generation. | -

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

* Now in the final publication process.

* Overall project is led by INCOSE Handbook
Editorial Team, chaired by Dave Walden.

WiLEy

Current (4t)
Edition
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= ABSTRACT

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

e systems. This article summarizes an aid to analyzing and understanding, planning, implementation, and ongoing improvement

PR e 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 MESE Patterns Working Group

(

MARCH 2022 —_ N initially applied it in a related INCOSE collaboration project led by the Agile Systems Engineering Working Group. Users of the
Ry |NCQ§E resulting framework subsequently elaborated and applied aspects in the context of a wide variety of commercial and defense
T — ‘L-’_.;r:,-.' ecosystems across different domains. While connecting to several current and historical contexts, it is particularly revealing of

Digital Engineering’s special promise. By explicating the recurrent theme of Consistency Management that underlies all historical
innovation. it enhances our understandine of historical as well as future ensineering and life cvcle management. This indudes

—



Discussion of additional and future interests
of attendees



References (see also links embedded in previous pages)

“SE Foundation Elements: Implications for Future SE Practice, Education, Research”. Retrieve from--
http://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:science math foundations for systems and sys
tems engineering--1 hr awareness v2.3.2a.pdf

“The Model Characterization Pattern (MCP): A Universal Characterization & Labeling S*Pattern for All Computational
Models”. Retrieve from --
http://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:model characterization pattern mcp v1.9.3.pdf

“Introduction to the Agile Systems Engineering Life Cycle MBSE Pattern”. Retrieve from --
http://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:is2016 intro to the aselcm pattern v1.4.8.pdf

“Consistency Manaﬁement as an Integrating Paradigm for Digital Life Cycle Management with Learning:”
http://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:aselcm pattern --
consistency management as a digital lite cycle management paradigm v1.2.2.pdf

“INCOSE Semantic Technologies for Systems Engineering (STASE): Deliverables Technical Product Plan (TPP)”. Retrieve from--
http://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:incose patterns wg stdse project tpp v2.0 sig

ned.pdf
“MBSE Methodolo%zl_ Summary: Pattern-Based Systems Engineering (PBSE), Based on S*MBSE Models”. Retrieve from —

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

“What Is the Smallest Model of a System?” Retrieve from --
http://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:what is the smallest model of a system v1.4.

4.pd

MBSE Patterns Working Group web sites:

* Public-facing (main resources, INCOSE joint with OMG): http://www.omgwiki.org/MBSE/doku.php?id=mbse:patterns:patterns

* Inward-facing (incose.org): https://www.incose.org/incose-member-resources/working-groups/transformational/mbse-patterns

69



2023

Annual INCOSE

international workshop

Torrance, CA, USA
January 28 - 31, 2023

www.incose.org/IW2023



