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This interconnected phenomena is ubiquitous, occurring across domains and with systems we use every day.
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Why Transformation IN‘ COSE

International Council on n Systems Engineering,
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Nodes = 30, potential links = 435, unique configurations = 243°

Number of known atoms in the universe estimated between 2158 and 2246
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The Context — Is this Nﬁc\OSE

“Today more and more design problems are reaching
insoluble levels of complexity.”

“At the same time that problems increase in quantity,
complexity and difficulty, they also change faster than
before.”

“Trial-and-error design is an admirable method. But itis
just real world trial and error which we are trying to replace
by a symbolic method. Because trial and error is too
expensive and too slow.”

Christopher Alexander,
Notes on the Synthesis of Form?,

1. Christopher Alexander, “Notes on the Synthesis of Form” Harvard University Press, Cambridge Massachusetts, 1964
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SE Transformation Overvie

Objective:

INCOSE accelerates the transformation of
systems engineering to a model-based discipline.

 Accelerates:

IN\COSE

International Council on Systems Engineering

Plateau of Productivity

Slope of Enlightment

Trough of Disillusionment

Technology Trigger Chasm

— Understand the hype cycle! and bridge the chasm?...
— Empower others to enlighten and influence adoption

 Transformation:

— A marked change, as in appearance or character, usually
for the betters. e.g. documents to models

— Lead and support the community in crossing the chasm

 Model Based Discipline
— System models of all types
— Modeler Collaboration and Model Integration

1. Hype Cycle is a branded graphical presentation developed and used by IT research and advisory firm Gartner
2. Moore, Geoffrey A. “Crossing the Chasm — and Beyond” Strategic Management of Technology and Innovation Third Edi

Innovators Early Adaptors Early Majority Late Majority Laggards

Integrated Systems Engineering Vision
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tion 1996

3. Excerpted from The American Heritage Dictionary of the English Language, Third Edition 1996 by Houghton Mifflin Company

4. Friedenthal, Sandy and Sampson, Mark - MBSE Initiative Overview - http://www.omgwiki.org/MBSE/doku.php
INCOSE: Systems Engineering Transformation: Troy Peterson



Model Based Discipli IN COSE

national

Model Based Discipline

— Models are not new to us
— Transformation is not a wholesale change
— Model based is the next evolutionary step

— In some ways we’re going “back to the future”

 Understand the Current State

— Take inventory of current state of transition and progress toward
becoming a model based discipline

 Envision and define the future state of SE:

— Vision 2025,what are the business objectives, associated metrics,
stakeholders, technology and transition needs, typical what if
guestions, priorities etc.

« Leverage Transformation and Change Management methods
and frameworks

INCOSE: Systems Engineering Transformation: Troy Peterson



Transformation: Change M

ECDITDETITIITTD

Capability Development

Technology Ownership Building

Program Stewardship

Transformation Life Cycle™ (TLC): Booz Allen Hamilton

Consider:

ABP CM(OE + BPR + IT)
ABP = Achieving Breakthrough Performance
« OE = Organizational Environment
 BPR = Business Process Reengineering
« IT = Information Technology
« CM = Change Management

INCOSE: Systems Engine

!NCOSE

ernational Council on System:

Consider key dimensions of change
» People, Process, Technology, and
Physical Infrastructure
— Integrate dimensions of change
— Addresses dimensions in parallel

— Leverage concurrency to encourage
cross dimension trades

— Build ownership at the grass-root level

Transformation is
very much a people
focused endeavor.



INCOSE

lnlernmio’i&léqgngll on Systems Engineering

-

Accelerates: Hype Cycle and Ch

Plateau of Productivity

Slope of Enlightment

Trough of Disillusionment

Technology Trigger

Chasm S -

Innovators Early Adaptors Early Majority Late Majority Laggards

Acceleration is very much about sharing, communicating and learning

Where would you plot your organization today?

1. Hype Cycle is a branded graphical presentation developed and used by IT research and advisory firm Gartner

2. Hype Cycle Graphic: https://en.wikipedia.org/wiki/Hype_cycle

3. Moore, Geoffrey A. “Crossing the Chasm — and Beyond” Strategic Management of Technology and Innovation Third Edition 1996

4. Hype Cycle, Chasm Combind Graphic: http://www.datameer.com/blog/big-data-analytics-perspectives/big-data-crossing-the-chasm-in-2013.html
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https://en.wikipedia.org/wiki/Hype_cycle

Change Manage INCOSE

SHock CHANGE
RESISTANT | | | RESISTANT

IF I\ TAN'T
BRoKkE, PoN'T
Fix !

https://redapplemom.files.wordpress.com/2011/06/change-cartoonl.ipg
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Change Encouragement INCOSE

national Council on Systs
-

Nl
&

If you want to truly understand
something — try to change it.

Kurt Lewin

The best way to mange change
IS to create it.

Peter Drucker
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MBSE Future in Vi ,@SE

From:

To:

Model-based systems engineering has grown in popularity as a
way to deal with the limitations of document-based approaches, but
Is still in an early stage of maturity similar to the early days of
CAD/CAE.

Formal systems modeling is standard practice for specifying,
analyzing, designing, and verifying systems, and is fully integrated
with other engineering models. System models are adapted to the
application domain, and include a broad spectrum of models for
representing all aspects of systems. The use of internet-driven
knowledge representation and immersive technologies enable
highly efficient and shared human understanding of systems in a
virtual environment that span the full life cycle from concept
through development, manufacturing, operations, and support.
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Transformation to a Mode INCOSE

International Council on

Objective: Accelerate the transformation to a model-based discipline

Advance and mature the MBSE Practice
* Mainstream Model Based Systems Engineering

« Evolve to a cohesive MBSE language, applicable
to multiple domains

 Promote and advance the role of MBSE in global
Model Based Engineering (MBE) )

 Connect to other MBE cross domain standards
like Building Information Modeling (BIM)

» Get authoritative information on MBSE out to L ._ T
practitioners and the broader community

* Align with SE Vision 2025 (see page 38-39)

INCOSE: Systems Engineering Transformation: Troy Peterson



SWOT Analysis — Ea

inters Council on Systems Engineering

national

- Strong interest in current MBSE
initiative. Momentum created

- SysML Standard and Development

- High attendance at IW workshop

- Part of Vision 2025

Opportunities (future)

- Mainstream Systems Engineering as a
Model Based Discipline

- Connect to other MBE disciplines and
take lead in integration

- Application across domains e.g. BIM

- Improve the overall business case for
systems engineering

- Perception that SysML = MBSE

- Not fully integrated or accepted

- Limited spread to other WG activities
- Limited set of examples available

- Ad hoc application

- Building the theoretical foundation

Threats (future)

- Stove piping of MBSE

- Miss the larger community — stuck in
the chasm / trough

- Other modelling communities pick up
the lead for MBSE

- MBSE viewed as applicable only to
large projects

14
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N COSE

International Council on

Assistant Director for Transforming SE to a Model Based Discipline

Troy Peterson

Core team of experts supporting the effort — Meet one or two times a month...

Jeff Bergenthal
Sandy Friedenthal
Joachim Fuchs
John Gill

Mark Sampson
Bill Schindel

Adding stakeholder representatives to obtain diverse perspectives

INCOSE CAB, 10B, Working Groups etc.

Strong connection to the INCOSE MBSE Initiative

Representatives from targeted MBE applications (NAFEMS, BIM, ....)
Domain representatives

Please let me know if you are interested

INCOSE: Systems Engineering Transformation: Troy Peterson



Products & Interactio IN COSE

national

« Strategy and Plan for Transformation
— Vision, mission, goals, objectives, tasks and associated metrics

« Transformation Business Case / ROI Briefing
— Collection of works to help make the case for transformation
— Compelling Storylines and Case Studies

— SE Transformation Principles (heuristics, lessons learned, best
practices)

« Strategic Collaboration and Communication

— Who all should INCOSE collaboration from a Transformation
perspective

— How do we better reach and communicate with stakeholders

« Invigorate and Integrate Working Groups
— Help with modeling foundations — Ontology, Model Types/Taxonomy
— Bring together our collective strength

INCOSE: Systems Engineering Transformation: Troy Peterson



What do we consider INCOSE

national

What Success looks like at IW 2016 and/or IS 2016
« New AD for transformation selected
« Strategy defined for implementing the Transformation

* First steps taken to mainstream MBSE

— Partial MBSE workshop @ IW + MBSE topics addressed during (WG) meetings
— Explicit have MBSE activities displayed during ongoing WG activities

« Work on explicit connecting products between MBSE and NAFEMS as well
as the Building Information Modeling

What Success looks like at the end of 2019 (5 years)
« Decision makers ask for models rather than documents
« MBSE is not a separate track at IS and IW but integrated in all WG activities

« Systems Engineering is a Model Based discipline, explicitly connected to X#
of MBE applications

| think we can do more!

INCOSE: Systems Engineering Transformation: Troy Peterson



Accomplishments: Transformatio

lmemmid:gl

INCOSE CONNECT |

INCOSE Store |

Member Login

Joinor Renew | ContactUs

Search >

Y

—

COSE

Council on Systems Engineering

Products & Publicafions Cerlificaion Chapfers & Groups

About INCOSE St t g. Ob. t.

Contact Us
» - INCOSE Membership Home / About INCOSE / Strategic Objectives
¥ - Leadership & Organization The International Council on Systems Engineering has
» - INCOSE Foundation advance the practice of systems engineering as well as}
» - INCOSE Awards objectives are intended to work together to advance thi

~ Strategic Initiatives

[ Strategic Objectives

~ Member Spotlight

. Growth: INCOSE doubles its membership and erf
. Alliances: INCOSE amplifies its ability to achieve
Education: INCOSE curricular recommendations,
education
. Products: INCOSE produces and brokers the mol
effective practice and research
Forums: INCOSE produces and supports the mal
education and research

W

IS

L

E teams with industry to rai

. Transformation: | accelerates the transfol

Will update with
developed strategy,
new products created
etc.

Page links to the
MBSE Initiative

INCOSE CONMECT | INCOSEStore | Joinor Renew | ContactUs

Member Login

Search >

Products & Publicafions Certification Chapters & Groups

About Systems Engineering

About INCOSE

nooae

Home / About INCOSE /| Strategic Objectives / Transformation

Objective:
INCOSE Accelerates the transformation of systems engineering to a model-based discipline.

Build a broad community that promotes and advances model-based engineering and the role that model-based systems
engineering plays in it.

Accelerate the transformation to a model-based discipline:

® Advance and mature the MBSE Practice

* Evolve to a cohesive MBSE language, applicable to multiple domains

* Promote and advance the role of MBSE in global Meodel Based Engineering (MBE)

® Conneact to other MBE cross domain standards like Building Information Modeling (B1M)
* Get authoritative information on MBSE out to practitioners and the broader community
* Infuse MBSE into SEBok

® Align with SE Vision 2025 (see page 38-39)

* Model-based systems engineering has grown in popularity as a way to deal with the limitations of document-based
approaches, but is still in an early stage of maturity similar to the early days of CAD/CAE

TO:

* Formal systems modeling is standard practice for specifying, analyzing, designing, and verifying systems, and is fully
integrated with other engineering models. System models are adapted to the application domain, and include a broad
spectrum of models for representing all aspects of systems. The use of internet-driven knowledge representation and
immersive technologies enable highly efficient and shared human understanding of systems in & virtual environment
that span the full life cycle from concept through development, manufacturing, eperations and support.

Working Group page
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INCOSE
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Accomplishments: MBSE Initiat

Model Based Systems Engineering (MBSE) Initiative

Home { Chapters & Groups / Warking Groups / MBSE [nitistive
INCOE Sare sr g Bene, Consac Us Member Login
MBSE Initiative - Sandy Friedenthal and Mark Sampson
Link o SE Transformafion site
Chapters & Grougs
¢ Click Link to view project site
Workin :
Challenge Teams
Wome 1 Chagters | nagter Awaeds nooao
Technical Operat collaborate. share n person and onine
Kross more that . Knowtadge g Groups create products, present FILE CESCRIFTION DATE WEBEITE
panets, develop &
You will Processes Modeling and Simulafion Interopershility  Russsll Peak 01 Jul. 2015 Link
e Bring valu sty Spape Systems Modeling Louise Anderson 01 Jul, 2015 Link
o Telescops Modeling Robert Karban 01 Jul, 2015 Link
s z'“;:"j T Biomedical Devica Modeling Ajay Thubzsl 01 Jul, 2015 Link
= GEQSE Modeling Lawrence McGovem 01 Jul. 2015 Link
See sample product here
Technicsl Measurement Guide - D¢ 2005 Patterns Bill Schindzl 01 Jul, 2015 Link
To execute its mission, INCOSE's Technical Operations has a ‘L'\dr::».ﬂ structure that reflects these thoughts, as summarized in
the dlustration below: L.
‘Seurces of ‘Domains of Activity Teams
+ Knowledge | Z%0 Appiedto | jnguctry
. } 7| Engineering 7| + Academia o
« Technology + Government FILE DE3CRI ION DATE WEBEITE
i MBSE Ussahility Bjorn Cale 01 Jul, 2015 Link
H Supported by N .
s [y e gy Methodology and Medrics John Watson 01 Jul. 2015 Link
Model Mansgement Amit Fisher 01 Jul. 2015 Link
Modeling Standards Roger Burkhart 01 Jul, 2015 Link
Oniclogy Hanson Graves 01 Jul, 2015 Link
Systemn of Systems/Enterprise Modeling  Ron WilliamsonMatthew Hayss 01 Jul. 2015 Link
Link

Links take users to INCOSE / OMG MBSE | ‘"= Frank B ot e
Initiative Wiki. Page also pOintS to the SE Affiliated INCOSE Groups
Transformation INCOSE page as well.

Tool Integration and Interoperability 01 Jul, 2045 Link
Tools Datsbase 01 Jul, 2015 Link
NAFEMS-INCOSE Systems Modeling & Simwlation Working Group (SMSWS) 01 Jul, 2045 Link
Association Francaise dngsiers Systems 01 Jul, 2015 Link
MBSE 5IG of INCOSE The Metherlands Chapter 01 Jul, 2045 Link
UK Chapter MBSE Wiki 01 Jul, 2015 Link
Tool Vendor Collsboration with MBSE Teams. 01 Jul, 2015 Link
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Accomplishments: MBSE Search F

INCOSE

Search of MBSE on the INCOSE site...

BEFORE

INCOSE CONNECT | INCOSEStore | JoinorRenew | ContactUs Member Login

Search = MBSE >

Chapters & Groups About Systems Engineering About INCOSE

Search Results
Home / Search Results nuﬂ

15 search results for MBSE

MBSE Working Group
http://www.incose.org/ChaptersGroups/Chapters/ChapterSites/michigan/library-and-resources/mbse-working-group

MBSE Working Group, Click /Home, Michigan problems using MBSE. We meet every 2 weeks from 5-7pm, every 2nd Thursday
at ESD and every 4th Thursday online only. Interested in participating? Contact our MBSE WG Chair, linkedin INCOSE, Michigan,
M1, Systems Engineering, MBSE, Working Group, WG, SysML Information about the INCOSE Michigan Chapter's MBSE Working
Group.

Space Systems

httpi//www.incose.org/ChaptersGroups/\WorkingGroups/government/space-systems

to professionals in the space systems community Support the INCOSE Model-Based Systems Engineering (MBSE) Initiative by
developing an MBSE Systems Modeling Language (SysML) Reference Model of a CubeSat Cubesat Reference Model Model-
Based Systems Engineering (MBSE) is a key practice to advance the systems engineering discipline. INCOSE established the
MBSE Initiative to promote, advance, and institutionalize the practice of MBSE. As part of this effort, the INCOSE Space Systems
Working Group (SSWG

TGCC May 2015 Events
http://www.incose.org/ChaptersGroups/Chapters/ChapterSites/texas-gulf-coast/chapter-events/2015-events/may

TGCC Chapter Meeting MAY 2015 "MBSE without a pracess-based data architecture is just a random, Engineering (MBSE)
approach, focusing an the definition of the Data Architecture. A Process-based Data, (MBSE) approach. A well-defined process-
based data architecture will facilitate: standardization, for Space Achievement (RNASA) Stellar Award for MBSE methodology
development. Mr. Crain was awarded

Library and Resources
http://www.incose.org/ChaptersGroups/Chapters/ChapterSites/texas-gulf-coast/library-and-resources
M_Hause_How_to_Fail_at_ MBSE PDF, 1.44 ME |ean_se_paper PDF, 219.64 KB LE., 253.00 KB

S

AFTER

INCOSE CONNECT | INCOSEStore | loinorRenew | ContactUs Member Logt

Search | mbse >

Cerfificaion Chapters & Groups About Systems Engineering About INCOSE

Search Results

Home / Search Results

earch re or mbs

MBSE Initiative
http://www.incose.org/ChaptersGroups/WorkingGroups/mbse-initiative

MBSE Initiative, Click /Home, Visit the MBSE Initiative project site Link to SE Transformation site Leadership, Activity Teams
Facilitator DATE website MBSE. , 2015 Link MBSE SIG of INCOSE The Netherlands Chapter 01 Jul, 2015 Link UK Chapter MBSE

Wiki 01 Jul, 2015 Link Tool Vendor Collaboration

MBSE Working Group
http://www.incose.org/ChaptersGroups/Chapters/ChapterSites/michigan/library-and-resources/mbse-working-group

MBSE Working Group, Click /Home, Michigan problems using MBSE. We meet every 2 weeks from 5-7pm, every 2nd Thursday
at ESD and every 4th Thursday online only. Interested in participating? Contact our MBSE WG Chair, linkedin INCOSE, Michigan,
MI, Systems Engineering, MBSE, Warking Group, WG, SysML Information about the INCOSE Michigan Chapter's MBSE Working,
Group.

Transformation
http://www.incose.org/about/strategicobjectives/transformation
» Click /Home For Further Information See the MBSE Initiative for information pertaining to MBSE activities, Contact the AD for

SE Transformation for further, : Advance and mature the MBSE Practice Mainstream Model Based Systems Engineering Evolve
to a cohesive MBSE language, applicable to multiple domains Promote and advance the role of MBSE in global, information
Modeling (BIM) Get authoritative information on MBSE out to practitioners and the broader

ace Systems
http:/ . incose.org/ChaptersGroups WorkingGroups/government/space-systems
to professionals in the space systems community Support the INCOSE Model-Based Systems Engineering (MBSE) Initiative by
developing an MBSE Systems Modeling Language (SysML) Reference Model of a CubeSat CubeSat Reference Model Model-
Based Systems Engineering (MBSE) is 2 key practice to advance the systems engineering discipline. INCOSE established the
MBSE Initiative to promote, advance, and institutionalize the practice of MBSE. As part of this effort, the INCOSE Space Systems
Working Group (SSWG

TGCC May 2015 Events
http://www.incose.org/ChaptersGroups/Chapters/ChapterSites/texas-gulf-coast/chapter-events/2015-events/may

TGCC Chapter Meeting MAY 2015 "MBSE without a process-based data architecture is just a random, Engineering (MBSE)
approach, focusing on the definition of the Data Architecture. A Process-based Data, (MBSE) approach. A well-defined process-

INCOSE: Systems Engineeril.g Hansunauun. 1oy peeeldrigyghitertire will farilitare: fr Snare Arl IRNASA) Stellar Award for MRSE mathndnlney

‘an‘ncll on Systems Engineering




Understanding our Stakeholders
 Who are they, internal and external
 Many enablers and roadblocks discussed and captured

2015 IS CAB Breakout Sessions Topics:
* Process/Method

« Value / ROI

 Documents to Models

2016 IW: Infusing MBSE Panel and MBSE 101
Funding MBSE

Interchange formats

Intellectual property issues

Human interaction with models across the lifecycle

INCOSE: Systems Engineering Transformation: Troy Peterson
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MBSE Works

INCC

OSE

International Council on Systems Engineering,
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Model Based Related NCOSE

Metrics on the new MBSE Workshop format

« 30+ model based related sessions in MBSE Workshop

* 4 joint sessions (Patterns, SoS, PLE, Agile and NAFEMS)
« Almost half the present WGs have model content (15/34)
« Half of those with model content are new to the workshop

* Recelive an additional 8 commitments for next year

2 February 2016 : . on: 23



Models reflecting

MOTORSPORT: Nissan picks
{iir}«_._ir ‘sgamers’ for Le Mans

Recent News v Eue £8

GT Academy Graduates Show Their Stuff in the European Ho -
Le Mans Series and All-Japan F3 Championships l S R

- EETE ; 7 NISSAN A~

nismao 23

GT ACADEMY 2015

RACING DRIVER WANTED.
NO EXPERIENCE NECESSARY.



http://www.motoring.com.au/motorsport-nissan-picks-gamers-for-le-mans-49191/
http://www.motoring.com.au/motorsport-nissan-picks-gamers-for-le-mans-49191/

MBSE - 2007 to p

"

sYsI_EMS

What is a system?

What systems are you a part of and whart systems
are a part of you?

What makes a system break down?

How can systems change and adapt?

What is a pattern?

How do patterns help (you) to make pred

How do patterns influence behavior?

1

1«

t

0o 0o
00 00

. 3 ) ;‘
328 ";

INTERDEPENDENCE

B e U _AES

What is interdependence?

How does interdependence play a role in my life
at school, at home, and with friends?

In what ways can a person be interdependent
and also be an individual? Is one more important
than the other? Why or why not?

- “.\\.\> [Py o -

RESPECT HOMESTY, RESPONSIBILITY/




Motivation for Transfor NCOSE

International

“When the rate of external GROWTH IN THE INTERNET OF THINGS
change exceeds the rate of ‘0 .o
Internal change, the end of
your business is in sight.”

Jack Welch

“It is not necessary to
change. Survival is not
mandatory.”

WATER SHock CRANGE
RESISTANT RESISTANT 1<s.s-m~rr

/3
/
e,
£ )

O

W. Edwards Deming

IF\TARN'T
BRokE, DoN'T
Fix !
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