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Abstract

 Model-based methods have multiple connections to 1ISO15288
system life cycle management practices:

—The INCOSE Model-Based Transformation project provides means
for assessing and planning the migration of ISO15288 practices to
model-based approaches.

—The INCOSE Agile SE Life Cycle Management Discovery Project
provides inputs to a future version of ISO15288 including agile SE,
and includes the model-based ASELCM Pattern and its
representation of the roles of models in innovation.

— The INCOSE MBSE Patterns Working Group supports improving the
leverage of model-based practices using formal S*Patterns, and is
partnering with ASME toward standards for the verification and
validation of computational models for ISO15288 purposes.

e This talk will summarize how these efforts are being fit together to
provide usable practitioner value, and how to get involved.



In a nutshell . ..
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Maturity in MBSE is not only about our models, methods, and
tools--although it includes them:

— What will we use models for (intended purpose)? Who is “we”?
— How do we go about trusting our model?
— Is our learning effectively enhanced?
State of art & practice in some of these areas still low:
— So, expect significant continuing change.
— Measuring against current base may not reflect “maturity”.

There are overall requirements we can use to measure our MBSE
maturity:

— Based on, but enlarging, the interpretation of ISO 15288, existing
maturity models, and computational models.

— Providing a foundation for future maturity assessment, planning.

The emerging foundation opens up thinking about scope of
impacts, and therefore scope of maturity assessment.
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Enthusiasm for Models
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The INCOSE systems community has shown growing
enthusiasm for “engineering with models” of all sorts:
— Historical tradition of math-physics engineering models
— A World in Motion: INCOSE Vision 2025
— Growth of the INCOSE IW MBSE Workshop
— Growth in systems engineers in modeling classes

— INCOSE Board of Directors’ objective to accelerate
transformation of SE to a model-based discipline

— Joint INCOSE activities with NAFEMS




Models for what purposes?

System of Innovation (SOIl) Pattern Logical Architecture POten tlally for d ny ISO
(Adapted from ISO/IEC 15288:2015) .
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Technical Processes

benefit . ..
e Some more obvious

| Stakeholder Needs, HRaquiremans‘
Regui Definition Validati

| 1
System
equiremen ts

——

Definition

Organizational
Project-Enabling

than others.

e The INCOSE MB
Transformation is
using ISO 15288

framework as an aid
to migration
planning and
assessment.




n [ ]
" H - [ u
Design: Top System -
- : - . Project Processes
" Business, - =
- Mission Analysis o - - _ — - -
. : . . Project Project Assessment Decision Configuration
. Stakeholder Needs, | | Requirements . . P . M t M t
o Requirements Definition Validation o : anning and Control anagemen anagemen
] n n
System . . .
o - Rquirements J o - Risk Quality Assurance Information Measurement
- Definition o = | | Management Process Management
[} I ] =
- Architecture o -
: DEﬁrllltlon : .'lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll“
. Design = - ““
a Deﬁrllition - K o**
[ | [ ] .
= System Verification u o ‘¢"
u . - ] .
. Analysis (by Analysis & = K . %
- SN | 1 Many potential for model
|| ]
: - : any potential purposes for models
"Q:lllllllllllllllll llll]lllll: ] “‘
L ]
0. . n "‘
o A J DY
® . - *
LN . : «*®
llllllllll. llllll, “ I} “‘
l 4 » . [ *
*y ue . x o*
O A A L 4 LIRS . N L'
rganizational "‘l . . . o*
a a .
Project-Enabling | [* 0:" . x ot
Processes %, . N o
: - n . ¢ . L *
Project Portfolio - . ".. m of Inn®vati&n (SOl rn Logical Archi
Management - ﬂ‘ O.. (i‘da:ted.fr.or;lI.SQII.EC.1.52.88.291.5)....‘t‘ JUUUUUEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
Infrastructure n * '0. *n Poject Processes ! o'
Management - . ® “ Pt conee || anagamat | agem M R
. . ‘e W [ O R | et | eesromens | ¢ g Realization: Top System
Life Cycle Model - s ‘e = - . o .
Management n “ 'f‘ R ..A = RN l: : N
n . - P . . —
Human Resource . teEmEmEEm| ) “: . " Verification
Management u m [Tommtoa ®| ® (e = " a (by Test)
L] Project-Enabling | ™ L ostighion | o s
u : Processes | M | [ ] u
Quality Management - - RS . Foi) (,,V,:'AT:,,"T)‘ = . a
. o . . o -
- - |
Knowledge - . o g "W RAAAE . . Integration -
M tP el ool szt | ’ ransition
anagemen rocess : : e : . ﬁﬂ:‘:’:‘%' 1 ; :
i [ ] — 4 frd Hl e . n
i n Managoment Brscess | [N “ u /
| n
= n . l
Agreement - RN . Operation | | | Maintenance
L} n
Processes - - || E==ds -
i ] Supp u e uj
o - = ® "ljzation: Subsystem 3
Acquisition ] > [ N Limplomortaton— % i
: “’....... L —— ¥ 3 -%lﬂ’ﬁﬁm%- EEEEEEEEEEESR IDIISP(I)SIHIIIIIIII
*
*
Supply - .
RN ¢ 7
L R
EEEEEENER EEEEEENEEER "




INCOSE MB Transformation:;
planning and assessment

* One way to keep “maturity” focused pragmatically is
to be very clear about explicit purposes for models.

* Because ISO 15288 offers a (relatively) well-known
and accessible reference model for the life cycle
management of systems, it provides a convenient
“menu” listing of potential high level purposes of
models in the life cycle of systems.

 The INCOSE Model-Based Transformation team is
using this as the basis of an MBSE migration and
maturation planning and assessment instrument . . .




INCOSE MB Transformation;

Planning and Assessment Instrument

The INCOSE MBSE Transformation products are based
on identification of --

Stakeholders in the MIBSE Transformation:

1.

5.

Model Consumers (Model Users);

2. Model Creators (including Model Improvers);
3.
4. Model Infrastructure Providers, Including Tooling,

Complex Idea Communicators (Model "Distributors”);

Language and Other Standards, Methods;
INCOSE and other Engineering Professional Societies.

Notice that group (1) is by far the largest population of
stakeholders, for future MBSE impact potential.




Further analysis of the Transformation Stakeholders

(also shows ET2016 Conference ratings of needs, opportunities)
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Model Consumers (Model Users):
Non-technical stakeholders in various Systems of Interest, who acquire / make decisions about / make use of those systems, and are
***%* linformed by models of them. This includes mass market consumers, policy makers, business and other leaders, investors, product X X X
users, voters in public or private elections or selection decisions, etc.
- Technical model users, including designers, project leads, production engineers, system installers, maintainers, and users/operators. X X X
* Leaders responsible to building their organization's MBSE capabilities and enabling MBSE on their projects X X X
Model Creators (including Model Improvers):
* Product visionaries, marketers, and other non-technical leaders of thought and organizations X X X X
* System technical specifiers, designers, testers, theoreticians, analysts, scientists X X X X
* Students (in school and otherwise) learning to describe and understand systems X X
* Educators, teaching the next generation how to create with models X X X
* Researchers who advance the practice X X X
* Those who translate information originated by others into models X X X X
* Those who manage the life cycle of models X X X X
Complex Idea Communicators (Model "Distributors"):
** Marketing professionals X X X X
o Educators, especially in complex systems areas of engineering and science, public policy, other domains, and including curriculum X X X X
developers as well as teachers
*x Leaders of all kinds X X X X X
Model Infrastructure Providers, Including Tooling, Language and Other Standards, Methods:
* Suppliers of modeling tools and other information systems and technologies that house or make use of model-based information X
* Methodologists, consultants, others who assist individuals and organizations in being more successful through model-based X X X X
methods
* Standards bodies (including those who establish modeling standards as well as others who apply them within other standards) X X
INCOSE and other Engineering Professional Societies
* As a deliverer of value to its membership X
* As seen by other technical societies and by potential members X
* As a great organization to be a part of X
* As promoter of advance and practice of systems engineering and MBSE X 10
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Each 15288 process definition suggests
potentially assessable model impacts
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“Stakeholders of the system are identified.
Required characteristics and context of use of capabilities and concepts in the life cycle stages,
including operational concepts, are defined.
Constraints on a system are identified.
Stakeholder needs are defined.
Stakeholder needs are prioritized and transformed into clearly defined stakeholder requirements.
Critical performance measures are defined.
Stakeholder agreement that their needs and expectations are reflected adequately in the
requirements is achieved.
Any enabling systems or services needed for stakeholder needs and requirements are available. |,
Traceability of stakeholder requirements to stakeholders and their needs is established.”

a
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System of Innovation (SOI) Pattern Logical Architecture

(Adapted from ISO/IEC 15288:2015)
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Each 1ISO15288 process offers higher level targeting, assessment
(Below: Energy Tech 2016 Feedback on MBSE in ISO15288)

System of Innovation (SOI) Pattern Logical Architecture
(Adapted from ISO/IEC 15288:2015)
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Sufficiency for Purposes; Minimality

Systems of Modeling, practiced, must be sufficient for their intended purposes, and
preferably minimal / not overly complex, proliferated:

— A lot of (continuing) effort by the modeling community being invested in sufficiency.
— Understanding of what is needed improving, but lists of future capabilities are long.

More is involved than modeling languages, tools, methods, alone; for example:

— Fitness to non-technical users and uses
— Strong enough conceptual foundation, based on STEM, not just information models.
— Credibility of model content (trust in the model)
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Abstract. Traditional systems engineering pays attention to careful composition of prose
requirements statements. Even so. prose appears less than what is needed to advance the art of
systems engincering into a theoretically-based engincering discipline comparable to Electrical,
Mechanical, or Chemical Engincering. Ask thrce people to read a set of prose requirements
statements, and a universal experience is that there will be three different impressions of their
meaning. The tise of Model-Based Systems Engincering might suggest the demise of prose
requirements, but we argue otherwise. This paper shows how prose requirements can be
productively embedded in and a valued formal part of requirements models. This leads to the
practice-impacting insight that requirements statements can be non-linear extensions of linear
transfer functions, shows how their ambiguity can be further reduced using ordinary language.
how their completeness or overlap more casily audited. and how they can be “understood” more
complstely by engincering tools.
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Abstract. Processes for system failure analysis (e.g.. FMEA) are structured. well-documented,
and supported by tools. Nevertheless, we hear complaints that FMEA work feels (1) too labor
intensive to encourage engagement, (2) somewhat arbitrary in identifying issues, (3) overly
sensifive to the skills and b1ckground ‘of the performing team. and (4) not building enough
confidence of fully identifying the risks of system failure. In fairness to experts in the process,
perhaps such complaints come from those less experienced—but even so. we should care how to
describe this process to encourage better technical and experience outcomes. This paper shows
how Model-Based Systems Eugmeeﬂug {MBSE) answers these challenges by deeper and novel
integration with requirements and design. Just as MBSE powered the requirements discovery
process past its earlier, more subjective performance, so also can MBSE accelerate understanding
and performance of failure risk analysis--as a discipline deeply connected within the SE process.

Abstract. Engineering disciplines (ME. EE. CE, ChE) sometimes argue their fields have “real
physical phenomena”, “hard science” based laws. and first principles. claiming Systems
Engineering lacks equivalent phenomenological foundation. We argue the opposite, and how
replantin; stems engineering in MBSE/PBSE supports emergence of new hard sciences and
phenomena-based domain disciplines.

Supporting this perspective is the System Phenomenon, wellspring of engineering
opportunities and challenges. Governed by Hamilton’s Principle. it is a traditional path for
dem ation of equations of motion or physical laws of so-called “fundamental” physical

of mechanics, 105

We argue that laws and ph of traditional disciplines are less fi 1 than the
System Phenomenon from which they spring. This 15 a practical reminder of emerging higher
dlsmplmes with phenomena, first principles. and physical laws. Contemporary examples
include ground vehicles, aircraft, marine vessels, and biochemical networks: ahead are health
care, distribution networks, market systems, ecologies, and the IoT




Scientific heritage (~300 years)

 The eventual flowering of the physical sciences depended
upon the emergence of strong enough underlying model
constructs (of math, physics) to better represent Nature.

e Specifically, the System Phenomenon (Newton, Lagrange,
Hamilton):

P System
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Sufficiency for Purposes; Minimality

Example: Fitness of model to use

— Includes fitness of model views to
intended uses, users.

See discussions by E. Tufte, N Levinson,
concerning NASA shuttle model views

Culture plays a key part in this.

So, measuring maturity of MBSE will
take us across more subjects than

technical practitioners might expect.
Modeling more than just the “engineered” System 1

Intended model uses and users, along with culture, are
“System 2” issues.. . ..



The System of Innovation (SOI) MBSE Pattern

(Used for INCOSE Agile SE Project, INCOSE CIPR WG, etc.
Innovation reference model: Not prescriptive, but descriptive.)

3. System of Innovation (SOI)
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of Target System

Life Cycle Manager of
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(Substantially all the ISO15288 processes are included

2. Target System (and Component) Life Cycle Domain System

v
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System

"o,
It
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in all four Manager roles)
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Target System
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1. Target System
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Environment

System 1: Target system of interest, to be engineered or improved.

System 2: The environment of (interacting with) S1, including all the
life cycle management systems of S1, including learning about S1.

System 3: The life cycle management systems for S2, including
learning about S2.




ISO 15288 processes
appear 4 times,

whether we

recognize or not.

System of Innovation (SOI) Pattern Logical Architecture

(Adapted from ISO/IEC 15288:2015)
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System

Concepts
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Arrows show flow of data, not flow of control.

Processes can be concurrent.
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System of Innovation (SOI) Pattern Logical Architecture

(Adapted from ISO/IEC 15288:2015)
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Model of System 2, for
: any life cycle management

: Model of System 1, for :
++ any life cycle management :

= A
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(Substantially all the ISO15288 processes are included in all four Manager roles) L

Environment

System 1: Target system of interest, to be engineered or improved.

System 2: The environment of (interacting with) S1, including all the
life cycle management systems of S1, including learning about S1.

System 3: The life cycle management systems for S2, including
learning about S2.

19



Note connectionto 3...,¢ Model of System 2, for :  Model of System 1, for
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Target
Environment

(Substantially all the ISO15288 processes are included in all four Manager roles)

e System 1: Target system of interest, to be engineered or improved.

e System 2: The environment of (interacting with) S1, including all the
life cycle management systems of S1, including learning about S1.

e System 3: The life cycle management systems for S2, including
learning about S2. 20



When is immaturity valued?

The progressive “S Curves” of waves of new technologies, paradigms,
product families, scientific, and other discoveries represent learning.

In this context, “maturity” is the flat part at the top of each
generation of learning.

The earlier, “steep” part of the curve represents higher rates of
change, as we learn more rapidly and exploit discovery.
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So, where do we want to be on this curve?
Notice the challenging trade-off!

Applies to learning about System 2 (e.g., methodology) as well as
Learning about System 1 (engineered system). 2



Lessons Learned: Effective Learning?

* |n many enterprises, recording “lessons learned” is
institutionalized as good practice:

— At least, at the end of a project;
— Often, in the form of a report or memorandum to file.

* Likewise, “Knowledge Management” efforts are noted,
focusing on encoding what is deemed important for

future work of others.

* Measuring effectiveness of such practices:
— Instead of how often the data is referred to, how about. ..

— how frequently related future work that could be impacted
is effectively impacted, versus repeating similar work or
problem consequences.




Copyright Gary Larson, The Far Side

p—

Lessons Learned? ||.. [

Lessons Learned Report
S S o
Lorem ipsum dolor sit amet, consectetur S fg:
adipiscing elit. Sed aliquam odio eget 'A‘iﬁ%@ B E
massa feugiat, at tincidunt quam S 3 %. %
ullamcorper. Nullam ac purus tortor. Duis R s
a ullamcorper augue. Pellentesque eu eros ”@ﬁ ;}-::_ :ﬁ'ya/.?" S ; AR <
; . o :-:&- R R
hendrerit, tempor tellus vitae, suscipit. S S :Igi*-A:‘?E’i'ﬁ :f.: S %
_6 'I.. .':' o g:' = :-..N.“i‘
SR %“:gw 55' S E
B
o :;(.:- \.."%%“\ -7 -'":;- .§¢
: S
O
o , e

“We should write that spot down.” 23




Copyright Gary Larson, The Far Side

\ {I;T
‘)(J/V)«"‘\. f("’
WL 7 i »

Lessons Effectively| | A\
Learned?

Lessons Learned Report ' l J

Lorem ipsum dolor sit amet, consectetur s
adipiscing elit. Sed aliquam odio eget A
massa feugiat, at tincidunt quam ',

ullamcorper. Nullam ac purus tortor. Duis
a ullamcorper augue. Pellentesque eu eros
hendrerit, tempor tellus vitae, suscipit.

\/— "

()

' -
* .
+
)
e e =S L

e e 3 5,

“Well, what the? ... | thought |

smelled something.” 24




Learning

Copyright Gary Larson, The Far Side

Haowr—

“We should write that spot down.”

R /

Learning & Knowledge
Manager for Target

v

LC Manager of
Target System

. Executing

Copyright Gary Larson, The Far Side

PR
XMW,"
Wil s

ok
.
N

“"Well, what the? ... | thought | 25

smelled something.”



Lessons Learned: Effective Learning?

What would cause them to be accessed?

 Compare to biology:

— “Muscle Memory” builds “motor” learning directly into a
future situation, for future unconscious use, vs. syllogistic
reasoning that may not be remembered fast enough, or at all

— This is about “effective learning” for future agile use

— Just having a growing file of “lessons learned”, even if text
searchable, is not the same as building what we learn
directly in line with the path of future related work that will
have to access it in order to be executed.

e Just because we label a report “lessons learned” does
not mean that those who will need this information in
the future will have access to it.




Learned models from STEM (~300 years) offer the
most dramatic example of positive collaborative
impact of effectively shared and validated models

Effective Model Sharing:

— We cannot view MBSE as mature if we perform modeling “from scratch”,
instead of building on what we (including others) already know.

— This is the basis of MBSE Patterns, Pattern-Based Systems Engineering (PBSE),
and the work of the INCOSE MBSE Patterns Working Group.

— S1 Patterns are built directly into future S2 project work of other people—
effective sharing only occurs to extent it impacts future tasks performed by
others.

— This sharing may occur across individuals, departments, enterprises, domains,
markets, society.

— It applies not only to models of S1 (by S2), but also models of S2 (by S3).
Effective Model Validation:
— Especially when shared, models demand that we trust them.

— This is the motivation for Model Validation, Verification, and Uncertainty
Quantification (Model VVUQ) being pursued with ASME standards committees.

— Effectiveness of Model VVUQ is essential to MBSE Maturity.

— Because Model VVUQ adds significantly to the cost of a trusted model, MBSE
Patterns are all the more important—they IP of enterprises, industries.




An emerging special case: Regulated markets

Increasing use of computational models in safety-critical, other
regulated markets is driving development of methodology for
Model VVUQ:

— See, for example, ASME V&YV 10, 20, 30, 40, 50, 60.
Models have economic advantages, but the above can add new

costs to development of models for regulatory submission of
credible evidence:

— Cost of evidentiary submissions to FDA, FAA, NRC, NTSB, EPA, OSHA,
when supported by models—includes VVUQ of those models.

This suggests a vision of collaborative roles for engineering
professional societies, along with regulators, and enterprises:
— Trusted shared MBSE Patterns for classes of systems
— Configurable for vendor-specific products

— With Model VVUQ frameworks lowering the cost of model trust for
regulatory submissions

Further emphasizes the issue of trust in models . ..
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Requirements for trustable models

We cannot discuss maturity in development or
use of models without discussing whether we
can trust those models . ..

¥ Precession
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If we expect to use models to support critical decisions,
then we are placing increased trust in models:

— Critical financial, other business decisions

— Human life safety

— Societal impacts

— Extending human capability
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 MBSE I\/Iaturlty requires that we characterlze the
structure of that trust and manage it:

— The Validation, Verification, and Uncertainty Quantification
(VVUQ) of the models themselves. 31




V&YV of Models,
Per Emerging ASME Model V&V Standards

Does the Model adequately describe
what it is intended to describe?

Model
Validation

V&YV of Systems,
Per ISO 15288 & INCOSE Handbook

Do the System Requirements describe
what stakeholders need?

System
Validation

Requirexnents
validgted?

Describes Some
Aspect of

System of
Interest

Model
verified?

Model
Verification

Does the Model implementation
adequately represent what the
Model says?

Don’t forget: A model (on the left) may be used for

System
Verification

Does the System Design define a solution
meeting the System Requirements?

32

system verification or validation (on the right!)



Quantitative Fidelity, including  FSe# 8
Uncertainty Quantification (UQ) | e

ASSESSING THE RELIABILITY
OF COMPLEX MODELS

* There is a large body of literature on a mathematical subset
of the UQ problem, in ways viewed as the heart of this work. &=

* But, some additional systems work is needed, and in
progress, as to the more general VVUQ framework, suitable
for general standards or guidelines.

General structure of uncertainty / confidence tracing:

* Do the modeled external Interactions qualitatively cover the modeled
Stakeholder Features over the range of intended S1 situations of interest?

* Quantify confidence / uncertainty that the modeled Stakeholder Feature
Attributes quantitatively represent the real system concerns of the S1
Stakeholders with sufficient accuracy over the range of intended situation
envelopes.

* Quantify confidence / uncertainty that the modeled Technical Performance
Attributes quantitatively represent the real system external behavior of the
S1 system with sufficient accuracy over the range of intended situation

envelopes. .



Related ASME activities and resources 7%5ME

SETTING THE STANDARD

ASME, has an active set of teams writing guidelines and standards on the
Verification and Validation of Computational Models.

— Inspired by the proliferation of computational models (FEA, CFD, Thermal,
Stress/Strain, etc.)

— It could fairly be said that this historical background means that effort was not
focused on what most systems engineers would call “system models”

Also conducts annual Symposium on Validation and Verification of Computational
Models, in May.

To participate in this work, in 2016 the speaker joined the ASME VV50
Committee:

— With the idea that the framework ASME set as foundation could apply well to
systems level models; and. ..

— with a pre-existing belief that system level models are not as different from
discipline-specific physics models as believed by systems community.

Also invited sub-team leader Joe Hightower (Boeing) to address the INCOSE
IW2017 MBSE Workshop, on our related ASME activity.



ASME Verification & Validation Standards Committee

V&V 10: Verification & Validation in Computational Solid Dynamics

* V&V20: Verification & Validation in Computational Fluid Dynamics
and Heat Transfer

* V&V 30: Verification and Validation in Computational Simulation of
Nuclear System Thermal Fluids Behavior

* V&V 40: Verification and Validation in Computational Modeling of
Medical Devices

V&V 50: Verification & Validation of Computational Modeling for
Advanced Manufacturing

V&V 60: Verification and Validation in Modeling and Simulation in
Energy Systems and Applications

https://cstools.asme.org/csconnect/CommitteePages.cfim?Committee=100003367
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Requirements for trustable, impactful
models, as a basis for MBSE maturity

MBSE Maturity in general, and VVUQ for Models in
particular, mean we have to understand:

INCOSE MBSE — Stakeholders for Models
Assessment and — Stakeholder Fefatures of Models
Planning Pattern — Technical Requirements for Models
— We are capturing these in an MBSE Pattern
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Stakeholders for Models

Model Stakeholder Type

Definition

Model User

A person, group, or organization that directly uses a model for its agreed upon
purpose. May include technical specialists, non-technical decision-makers,
customers, supply chain members, regulatory authorities, or others.

Model Developer

A person who initially creates a model, from conceptualization through
implementation, validation, and verification, including any related model
documentation. Such a person may or may not be the same as one who subsequently
maintains the model.

Model Maintainer

A person who maintains and updates a model after its initial development. In effect,
the model maintaineris a model developer after the initial release of a model.

Model Deployer-Distributor

A person or organization that distributes and deploys a model into its intended usage
environment, including transport and installation, through readiness for use.

Model Use Supporter

A person who supports or assists a Model User in applying a model for its intended
use. This may include answering questions, providing advice, addressing problems,
or other forms of support.

Regulatory Authority

An organization that is responsible for generating or enforcing regulations governing
a domain.

Model Investor-Owner

A person or organization that invests in a model, whether through development,
purchase, licenses, or otherwise, expecting a benefit from that investment.




INCOSE

InternationahCouncil on Systems Engincering

Model Identity and Focus

Modeled
Environmental
Domain

Domain Type

Modeled System
of Interest

System of Interest

INCOSE MBSE Assessment and Planning Pattern:
Model Stakeholder Features Overview

Model Utility

Third Party
Acceptance

Perceived Model

Model Intended

Use

Value and Use

Use

LIFE CYCLE PROCESS SUPPORTED USER GROUP SEGMENT ACCEPTING AUTHORITY

Model Ease of

Perceived Model Complexity

(1S015288) Level of Annual Use

Value Level

Model Scope and Content

Modeled System
External (Black
Box) Behavior

Modeled
Stakeholder
Value

STAKEHOLDER TYPE

Explanatory
Decomposition

Parametric
Couplings--
Characterization

Parametric
Couplings--
Decomposition

Parametric
Couplings--
Fitness

Trusted

Configurable Managed Model

Datasets

Physical

Architecture

Pattern
CONFIGURATION ID DATASET TYPE
Pattern Type

Model Fidelity

Validated Verified

Executable

Model Envelope Conceptual

Model Fidelity Model Fidelity

MODEL APPLICATION ENVELOPE Quantitative Accuracy Reference

Quantitative Accuracy Reference

( Function Structure Accuracy Reference )

( Function Structure Accuracy Reference )

(Uncena\my Quantification (UQ) Reference)

(Uncertamty Quantification (UQ) Reference)

( Model Validation Reference ) ( Speed )
( Quantization )
( Stability )
( Model Validation Reference )

Model Representation

Executable

Model Life Cycle Management

Model Versioning
and Configuration
Management

CM CAPABILIY TYPE

Model
Deployability

Model
Maintainability

Maintenance Method

Deployment Method

Conceptual Model Model

Representation

Representation

Conceptual Model Representation Type

Executable Model Representation Type

( conceptual Model interoperability )

( Executable Model Interoperability )

Development Cost

Executable Model Model
Environmental

Compatibility

) c Model
Design Life Cycle Availability
and Retirement

Design Life

First Availability Date

IT ENVIRONMENTAL COMPONENT

First Availability Risk

Operational Cost

Legend:

STAKEHOLDER

FEATURE

FEATURE PK ATTRIBUTE

Stakeholder Feature Model
for Computational Models

Other Feature Attribute
Other Feature Attribute

Version: 1.4.15] Date: 30 Apr 2017

Drawn By: B
Schindel




The ISO 15288 Processes provide the Model
Stakeholder Feature Set for Planning & Assessment

(Other Features on previous slide)
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(1S015288)
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Related INCOSE, ASME communities

e [INCOSE:

Model-Based Engineering Transformation Initiative
INCOSE-NAFEMS Joint Working Group on Simulation

MBSE Patterns Working Group

Agile Systems & Systems Engineering Working Group

Tools Interoperability and Model Life Cycle Management Group
INCOSE-OMG MBSE Initiative: Challenge Teams, Activity Teams

e ASME Computational Model V&V Committee / Working Groups:

V&YV 10: Verification & Validation in Computational Solid Dynamics
V&V20: Verification & Validation in Computational Fluid Dynamics and Heat Transfer

V&YV 30: Verification and Validation in Computational Simulation of Nuclear System
Thermal Fluids Behavior

V&YV 40: Verification and Validation in Computational Modeling of Medical Devices
V&YV 50: Verification & Validation of Computational Modeling for Advanced Manufacturing

V&V 60: Verification and Validation in Modeling and Simulation in Energy Systems and
Applications



Opportunities--what you can do

* Think larger about intended uses and users of MBSE, and
judge its maturity in that light.

* Include how well MBSE enables group learning.
* Include the full breadth of model types in your thinking.
e Consider why you think a model should be trusted.

* Join the INCOSE MBSE Patterns Working Group, to advance
practice.

* Join the ASME Computational VVUQ effort, to advance
model trust.

* Exercise the emerging MBSE Planning and Assessment

Framework, in your own company and work, and provide
feedback.
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