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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. 4



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;

• 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. 5



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. 6



INCOSE.org MBSE Patterns WG 

Launch Page:

INCOSE-OMG MBSE Joint Initiative 

Web Site for MBSE Patterns WG:

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.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
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• 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!

Viva 

Engage 

(Formerly 

Yammer)



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.org) 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.
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http://www.incose.org/


Nearly all our work includes partner INCOSE WGs or others

Participate!    Collaborate!                              14



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, . . .

•  . . . 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. 
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(* Other world view definitions of “System” are acknowledged; there are reasons for our minimalist choice of definitions.)



S*Models

• An S*Model is any model (descriptive 
information construct) of a system, in 
any language, view, or tooling, which 
can be semantically mapped to the 
S*Metamodel (e.g., SysML, etc.):

18
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So what is the S*Metamodel, and more important why is it? 



S*Metamodel: A reference model of models
• 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?

• Important because contemporary MBSE models often:

• Are missing key aspects (are too small)

• Contain redundant conflicting aspects (are too big)

• At the same time!

• We will be discussing prominent examples of both.

• This session will briefly refer to the “informal 
pedagogical” S*Metamodel diagram above, as a 
partial intuitive guide.

• Backed by the formal S*Metamodel (1>00 pages of 
UML and prose), to understand its formal mapping    
to modeling languages like OMG SysML, third party 
modeling tools, etc.)

• Not an alternative modeling language or tool! 19
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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 

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

https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:systematica_mapping_for_magicdraw_csm_v1.9.1a.pdf
https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:systematica_mapping_for_magicdraw_csm_v1.9.1a.pdf


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. 
22
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https://www.omgwiki.org/MBSE/lib/exe/fetch.php?medi
a=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
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


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 will go 
with them) describe what is wanted in objective testable 
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!  25
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Stakeholder Features: Vehicle example

26



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

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

32



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). 

35
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S*Pattern Configuration, Specialization

36

• Specialization transforms from an upper 
pattern to a more specialized (lower) 
pattern / model.

• 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!

• Configurable patterns are the “sweet 
spot” targeted by S*Patterns. 
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Models from Patterns: Overview of MBSE Pattern Configuration Algorithm



Propagation of configuration population is inherent to 
the nature of all engineered systems

• 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.
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How to find out more about configurable 
model-based patterns
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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, 5th 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.

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



Interface Pattern Project 

(became part of ST4SE Project)   
• Configurable patterns for Interfaces 

of all types

• Originally suggested by Frank 
Salvatore

• Initial work during 2017-2019

• Became part of ST4SE Project in 
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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Semantic Technologies for Systems Engineering (ST4SE) 

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



Adaptive Learning Ecosystem Pattern—the Learning 

Ecosystem (ASELCM) Reference Framework

• Collaborating with INCOSE Agile SE WG, a reference pattern 
was contributed by Patterns WG during the two-year INCOSE 
study of agile SE practices of four major organizations during 
2015-2017, leading to four published case studies. (Led by 
Rick Dove, Agile SE WG.)

• 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 
advancement in learning ecosystems for projects, 
enterprises, and supply chains. 

• The resulting multi-layer pattern focuses on leveraging Digital 
Engineering to advance performance through the paradigm 
of strengthened Consistency Management.  

• Those interested in participating can be a part of extension 
and application of this pattern in case studies of their own 
projects, enterprises, or supply chains, plus related tooling. 

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

se:patterns:is2016_intro_to_the_aselcm_pattern_v1.4.8.pdf 

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

erns:aselcm_pattern_--

_consistency_management_as_a_digital_life_cycle_management_

paradigm_v1.3.1.pdf 
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https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:aselcm_pattern_--_consistency_management_as_a_digital_life_cycle_management_paradigm_v1.3.1.pdf


Adaptive Learning Ecosystem Pattern—the Learning 

Ecosystem (ASELCM) Reference Framework

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

Pattern 

Description

AIAA Pattern 

Application



Adaptive Learning Ecosystem Pattern—the Learning 

Ecosystem (ASELCM) Reference Framework



Consistency gap management paradigm for 

innovation ecosystems
• The consistency management paradigm is the central 

information thread running through the ASELCM reference 

pattern’s representation of any engineering/life cycle 

management / supply chain system’s primary activities. 

• Including the digital thread and its many precursors. 

www.incose.org/IW2024 53



• 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:

www.incose.org/IW2024 54
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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:

www.incose.org/IW2024 55

ASME 

VVUQ-1 

(2022)

ISO -

15288 

(2023)



Related application of Hamiltonians for IT 

and socio-technical systems 

• Adopting W R Hamilton’s “characteristic function” 
perspective enriches interpretation of the nature of 
momentum and energy, in additional settings: 
– By reasoning in the right order, Hamiltonians can be 

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

– Managed consistency gaps provide the potential energy 
part of the ASELCM System 2 Hamiltonian. 

• Dublin was Hamilton’s home, where we’ll expand on 
the following this summer during IS2024. 

www.incose.org/IW2024 56



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 Reqs 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 
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 
organization and management, model 
exchanges and markets, and model life cycle 
credibility management. 

http://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbs

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
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60

S*Pattern Configuration Wizard

https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:
patterns:guide_to_the_pattern_configuration_wizard_v1.2.8.pdf 

https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:guide_to_the_pattern_configuration_wizard_v1.2.8.pdf
https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:guide_to_the_pattern_configuration_wizard_v1.2.8.pdf


Related collaboration project by 

ASME-INCOSE-AIAA-NAFEMS

66

https://www.omgwiki.org/MBSE/li

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

tterns:cross_discipline_consiste
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https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:cross_discipline_consistency_dialogue_v1.2.4.pdf
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https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:cross_discipline_consistency_dialogue_v1.2.4.pdf
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AIAA Aerospace Digital Twins Case Studies Publication and 

AIAA 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-

twin-implementation-white-paper 
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https://www.aiaa.org/resource

s/digital-thread-white-paper 

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


Handbook of System Sciences, for ISSS via Springer--

Chapter: “Patterns in Science and Engineering”, w/ISSS

• ISSS Reference 

Textbook project 

supported by Patterns 

Working Group.

• Chapter on “System 

Patterns in Engineering 

and Science”

• An ISSS-INCOSE effort.
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https://link.springer.com/referencework/10.1007/978-981-15-0720-5 

https://link.springer.com/referencework/10.1007/978-981-15-0720-5


Handbook of Model-Based Systems 

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

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


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, 5th edition project, 
now available.

• The structure of the 5th 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.

• Overall project led by INCOSE Handbook 
Editorial Team, chaired by Dave Walden. New (5th) Edition

70



INCOSE Vision 2035 contributions, from 

WG’s SE Theoretical Foundations Project

• The Patterns Working Group 
provided invited content on SE 
Theoretical Foundations for the 
INCOSE Vision 2035 publication 
project, completed for IW2022. 

• Publication project led by editorial 
team chaired by S. Friedenthal. 

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

• Participating in related INCOSE
FuSE streams

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

media=mbse:patterns:science_math_foundations

_for_systems_and_systems_engineering--

1_hr_awareness_v2.3.2a.pdf 
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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). [Ref 11]

– H satisfies Hamilton’s equations of motion, including generalized momentum, conservation 

of energy, etc., and is directly integrable via symplectic integrators.

• Alternate Sequence (based on observation of state trajectories):

– Start with any deterministic2 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 trajectories3.

– 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.
72________________________________________________________________________________________________

(2) Also formulated for probabilistic and discrete systems.     (3) One interesting method: Machine learning [Refs 12-13].



Example: Simple Harmonic Oscillator (SHO)



Example: Simple Harmonic Oscillator (SHO)

Alternate Reasoning 

Sequence

Traditional Reasoning 

Sequence
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