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The Context for Digital Transformation and MBSE

“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 it is 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.”

NSF is calling for methods to conceptualize
and design for the deep interdependencies
inherent in Cyber-Physical Systems.

1. Christopher Alexander, “Notes on the Synthesis of Form”
Harvard University Press, Cambridge Massachusetts, 1964
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“When the rate of external change
exceeds the rate of internal change,
the end of your business is in sight.”

Jack Welch



model based

Systems Engineering
is the essential discipline for
Digital Transformation



Systems Engineering Transformation
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 The previous state is unrecognizable
 The world view from later phases is completely new
« |t doesn’t happen overnight, it takes time, and effort



INCOSE Vision 2025

Transforming
Systems Engineering

Systems engineering will lead the effort to drive out
unnecessary complexity through well-founded
architecting and deeper system understanding

A virtual engineering environment will incorporate
modeling, simulation, and visualization to support all
aspects of systems engineering by enabling improved
prediction and analysis of complex emergent behaviors.

Composable design methods in a virtual environment
support rapid, agile and evolvable designs of families
of products. By combining formal models from a library
of component, reference architecture, and other context
models, different system alternatives can be quickly
compared and probabilistically evaluated.

https://www.incose.org/docs/default-source/aboutse/se-vision-2025.pdf?sfvrsn=b69eb4c6_4

Vision25 YN @=HD N
MOTION

INCOSE

Systems Engineering Vision « 2025

From: 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 a virtual environment that span the
full life cycle from concept through development, manufacturing,
operations, and support.

© 2019 by Troy A. Peterson Published and used by INCOSE with permission
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MBSE Top Enablers, Needs and Obstacles

Documents to Process / Methods Model Based ROI

Enablers Enablers Enablers
Translate models into decision maker language Clearly demonstrate the value of system model(s) « Seeing through the “Mystique” of MBSE

« Ability to analyze quickly, proper level of fidelity  Models uncover errors in existing artifacts * Framework to view ROI by process area
Change management best practices Aid an early adopter with a pain point Capitalizing models as intellectual property

Needs Needs Needs

Models need to answer stakeholder questions Systems engineering and domain ontologies » Baseline to compare MBSE application Viewpoint
» Connect modeling to programmatic success > Common MBSE methods and practices of ROI from multiple stakeholders

Demonstration how modeling speeds innovation « Better ability to review model quality/accuracy Covering all of ISO 15288 process areas

Obstacles
Weak Systems Eng. foundation for MBSE

Obstacles
« Contracting, Intellectual Property and Policy
* Use of requirements documents versus models

Obstacles
» Why change, what is the ROI

@ Lack of understanding; one size does not it all
» Expressing “Soft” versus “Hard” ROI for MBSE

Inability to know if model used is reliable; VVUQ
» Up front costs in resources, time to learn etc. @ Benefits are not obvious but they should be

© 2019 by Troy A. Peterson Published and used by INCOSE with permission



Accelerating: Technology Adoption — Hype and Chasm %
4

LAGGARDS —\

/— LEADERS

\— FOLLOWERS

Plateau of Productivity

Rating of company’s
digital maturity in
leadership and
management®

Slope of Enlightment

More than 80% of
respondents are either
followers or laggards

Trough of Disillusionment
Technology Trigger Chasm

Innovators Early Adaptors Early Majority Late Majority Laggards

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 Combined Graphic: http://www.datameer.com/blog/big-data-analytics-perspectives/big-data-crossing-the-chasm-in-2013.html

5. Driving Digital Transformation: New Skills for Leaders, New Role for the CIO, Harvard Business Review

© 2019 by Troy A. Peterson Published and used by INCOSE with permission
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Transformation: Change Management

Dimension V

Change
Management

Rapid and effective
decision making

Rapid and Effective
Collaborative Work

Rapid and Effective
Information Sharing

Shared Understanding

Dimension IV

Dimension |

Organizational Environment

* Organizational Structure, Norms, Culture
* People: Knowledge, Skills and Attributes
* Education, Training, Learning, KM

Dimension Il

Process Reengineering

« Standards, Best Practices, Lessons Learned
* Knowledge/Asset Mgmt: Use, Reuse, Production
* Lean methods, JIT

Dimension Il

Information Technology

* Tools & Infrastructure, Security/Access Control
* Workflow, Integration, Federation

* APIs and Automation

Consider:
ABP = CM(OE + PR + IT)

ABP = Achieving Breakthrough Performance

* OE = Organizational Environment
 BPR = Business Process Reengineering

e |T=

Information Technology

« CM = Change Management

Dimension VI

® LEADERS @ FOLLOWERS @ LAGGARDS

Program
Cost

Organizational silos

Program
Schedule

Legacy processes

Program
Performance

10X Improvement Cultural resistance to change

Transformation is
very much a people
focused endeavor.

e

g

KEY BARRIERS TO DIGITAL BUSINESS DEVELOPMENT

Percentage who said, when it comes to digital business, these are the primary issues
Program holding their organization back. [cHEcK UP TO THREE]

Performance

More than
80% of
respondents
are either
followers or S

laggards

Where would you plot your organization today?
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Transformation: Change Beliefs to affect Outcomes &

Beliefs

Environment Behaviors
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Organizational Transformation - Creating a Sense of Urgency ﬁ\

Leading Change: John P. Kotter
Eight-Step Process for undertaking major change.

Creating a Sense of Urgency

Building a Guiding Coalition

Developing a Strategic Vision and Initiatives
Expanding the Network of Change Agents
Empowering Broad-Based Action

Generating Short-Term Wins

Consolidating Gains and Producing More Change
Instituting Change in the Culture

ONOOGRWDNA

Accelerate: John P. Kotter
Kotter's new book Accelerate refines principals and adds the concept of a “dual operating system”.

« One operating system is characterized by management, hierarchy and driven toward efficiency
« The other is characterized by leadership, networks, strategic acceleration and driven to innovate.

« QOperating systems align nicely with the System of Innovation framework used in INCOSE's Agile
and Patterns Working Groups where we see the distinct roles of executing and managing systems

development and managing knowledge and what is learned in execution.

© 2019 by Troy A. Peterson Published and used by INCOSE with permission 16



Systems Modeling Transformation
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Will Models Run the World?

THE WALL STREET JOURNAL

Models Will Run the World

By Steven A. Cohen and Matthew W. Granade — August 19, 2018

» |f software ate the world, models will run it.

» There is no shortage of hype about artificial intelligence and
big data, but models are the source of the real power behind
these tools.

« Their products get better, allowing them to collect more data,
which allows them to build better models, making their
products better, and onward.

e The software revolution has transformed business. What's
next? Processes that constantly improve themselves without
need of human intervention.

What happens when our models are right?

Product
Data
/4 A N
Market Product
Understanding Model Fidelity
Market Rapid
Market — Growth Learning ~ Speed to
Value Market
Market
Share/

Proliferation

What happens when our models are wrong?

© 2019 by Troy A. Peterson Published and used by INCOSE with permission



MBSE Evolution

SE Practices for Describing Systems
Past / Now Now / Future
@
Specifications B e
Interface requirements -1
System design o Al
Analysis & trade-off =t
Test plans T
a7 Faced with increasing system complexity, interdependencies, breakdown
. . of document-based methods, and other chollenges, MBE provides the ;” IE TE""M%F ;
- . . b S0 WS GSITET T e i
S— - e transformation in which g e Gferent PErpeIvER
- Moving from document-centric to model-centric : ok . - it
(from PowerPoint/Excel/Word to SysML plus more) [ Infoermation over artifacts TN X s AR
- Analogy: Moving from physical drafling iz w2 |ptegration over independence ! s s ey gt
to 20 CAD to 3D feature-based CAD : .1 Expressiveness with rigor over flexibility . i i i
e e e s S R e B e B R Ui ] - Model usage cver model creation p iy s
i 2 e - Ha-Systeea e
I - AL S e
r ",-.%. Intmryatico)l Visrksher “:k“‘L.'.:".".".‘"T e
T . INCOSE MBSE Rﬂadmap — WITH THESE PRINCIPLES: e
?&, On behalfl of stokeholders, MBE increases emphasis on Principles of humuan-machine interaction applied to the sassass TR
describing the nature ond content of the information pro-  targeted stakeholders are vital to success. Application of kb i SR
duced and consumed, compared to the traditional emphasis  advonced visuolization methods and cugmented et gyl e
e I e T e e e T on engineering process and procedure. intelligence copabilities can advance that success. et
Capain siliin: Fparih T Goaeetn T s i b
: We recognize that—independent of specific Information for- We seek an extended team ocross engineering disciplines ENGILITY
Extending Matutity and Capability /7 ral, structure, longuage, syntax, the sequence or order of its  with common and integrated understanding of the identity  somksshacors
WRSE sy R ———— production and consumption, and the domains and environ- and nature of the mode! information as well os its content. ot St
AcadzmfIncltry b A s ments of our projects—the underlying nature (semantics) of : ’ Har IS
v ,,r_“’fwf — the essentiol information we seek to discover and produce is We seek E_'J'Ere"-[”"f' enterprise-wide reuse _ﬂ.'r "”_‘-””E'r'b”“-'d b RS
o g invarfant because of the very nature of englneering. mformmm"_" to more fully leveroge past individual or L
Sefred f arztzmchure radd (e Refr fo actuttizs In focal Fearnfng.
HEE = Mmoo Bl i g o g An essential and dynomically chonging property of model : : : -
e ——— information is its credibility to those people and processes  ~YSTems engineering performed according to the above prin- "
’;:':'f' e bk s inac : which will consume that information. The critical nature of ciples is rel‘qu.'rea'_fﬂr the Engineering System itself, o complex Bt fevmeri
24 oe viReE E et MESE sareirs sl T,._..,.';,_w. Sdsadasdl some intended uses of model information sets o higher bar @0 evolving system.
e “Oubreach. Trgjning & Edvstion | on required investment in model verification, validation and
uncertainty guantification,
! "iC. OSt 2010 2020 2025 g i
TR
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Shifting our focus to System Information

@ Content

Key system information that must
be produced, consumed and
maintained consistently across
the life cycle

@ Process

Interrelated activities that direct
what information goes where,
when and to whom

@ Automation

Digital federation, integration,
automation through the use of
tooling, standards, common
interfaces etc.

Engineering Process
Consumes and Produces
information Iteratively

=

TR
Y- '\ ',/

Engineering Systems processes in I
information technology/tools .

enabling automation L8t :

2 \
Engineering

Process
(1SO 15288)

Engineering Process

7 N—

Engineering Information
<]|_> produced and consumed by

Engineered System Information

http://www.omgwiki.org/MBSE/doku.php?id=mbse:pbse

2. Processes

* Leverage existing ISO 15288
Systems Engineering Life Cycle
Management Processes

* Design and modeling the Systems
Engineering Process and
Environment for MBSE.

. System Information

A strong underlying metamodel

Ensuring the essential system
concepts underpin our models

Science, Engineering, Math...

© 2019 by Troy A. Peterson Published and used by INCOSE with permission



How Well Does Your Engineering Enterprise Capture, Model and Manage Knowledge?

HOW WELL COMPANIES DOCUMENT HOW WELL KNOWLEDGE IS
SYSTEM LEVEL KNOWLEDGE DOCUMENTED BY SYSTEML LEVEL
Experience Document Experience Document
ACME CO CONSUMER PRODUCT CO AUTOMOTIVE CO PART ASSEMBLY SYSTEM

Knowledge Documentation Data from MIT Systems Engineering ESD.33 June 2010

Tacit
Knowledge

E k & AP\ A ¥
= ’ “ A ' ¥ e “p

“Domain experts” internalize patterns:
Human experts influence our projects, using
their experience, intuition, informed judgment.

Data, information and knowledge used to
overcome bias and identify opportunities.

Lewis, Michael. Moneyball: The Art of Winning an Unfair Game. 2003. |  Movie: Moneyball, Columbia Pictures presents ; Michael de Luca Productions Culver City, CA : Sony Pictures Honf&2018 SSI




MBSE Foundational Activities

SysML v2 Objectives:

Increase adoption and effectiveness of MBSE by enhancing...
— Precision and expressiveness of the language
— Consistency and integration among language concepts
— Interoperability with other engineering models and tools
— Usability by model developers and consumers

ST4SE / MBSE Patterns WG

— Improve shared systems engineering community-wide
knowledge for more effective life cycle engineering of systems,
through the identification, availability and distribution, and use
of model-based ontological patterns and related semantic web

technologies.

Enabling MBX Ecosystems

=

p’z SysML v2 Functional Enhancements SST

integration with

Friedenthal and Oster, Architecting Spacecraft with Sysil

ibd [ SUE g Devewpment Enviranment |J

e Variant
Modeling
& Design
Configurations

Improved

analysis

Improved
integration
between
Behavior &
Structure

ittt e
Geometric : o
View

Trade
Studies

Property-based
requirements

7/20/2019

Context: What is an “MBX Ecosystem™?

Generic Example - OMG SysML v2 RFP (SysML model excerpt)

© 2019 by s




A Known Framework Systems Engineering Knowledge

Tia
Agreement Processes Technical Management Processes SElam e
Acquisition Process Project Planning :;gjgﬁﬁrs;e;rson;zg; Demsm; r’gl:: sasgement
(6.1.1) Process (6.3.1) 6.32) (633)
Wiz i Bl
Elad riwrZa
. Configuration Information Mhiilee it
Sy e RSz Ay Management Process Management Process
(6.1.2) Process (6.3.4) (6.35) (6.36)
Jebea i fic. AT O
Organization Project- Measurement Process Quality Process
Enabling Processes 6.3.7) (6.3.8)
Mastunanc
Life Cycle Model T Y B Dot e 1Y
Management Process We[hastan Sanag
(6.2.1) ;
Technical Processes N
I oot L]
Infrastructure Business or Mission Stal;gl olljfgn'\é?ﬁ:s & System Requirements L
Management Analysis Process Def'n'[t]'on Proce Definition Process
(6.2.2) (6.4.1) ' ”(6. 2_2) s (6.4.3) irfgireia
s g
Project Portfolio Architecture Design Definition System Analysis o
Management Development Process Process Process
(6.2.3) (6.4.4) (6.4.5) (6.4.6)
A T
Py
Hu’\%annagR:;c::tce Implementation Integration Process Verification Process
(6.24) Process (6.4.7) (6.4.8) 649 1 0 g Binernal
Quality Management Transition Process Validation Process Operation Process _ilie L
(6.2.5) (6.4.10) (6.4.11) (6.4.12)
Knowledge . ’ n
Management Process Mamter(]gllc:zsl;rocess Dlspc(>éssil E"r‘c;cess
(6.2.6) o o mortiap
. . 2
ISO 15288 Process Area interactions from INCOSE Handbook N

ISO 15288
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Agile Systems Engineering Life Cycle Management Model

Learning & Knowledge \\l System of Innovation @
Manager for LC Managers of _
Target System Life Cycle Manager of Life [
Cycle Managers é;

Target System and Life Cycle Domain System O

L ] \
'H'EH‘ “ ] Learning & Knowledge

I Manager for Target System

Life Cycle Manager of

Target System éN
L]

- Target System (g1

w

| KM2 |

Vf
]

{0
[“e [

e
Target System Operating Environment

ISO/IEC/IEEE 15288:2015 Systems and
Software Engineering — System Life Cycle
Processes (Innovation Processes) are
included in all four manager roles

LCM of Target System Operating Environment @
Framework Reference: W. Schindel, “Introduction to the Agile Systems Pattern”, Proc. of the

INCOSE 2015 -International Symposium, International Council on Systems Engineering (2015). System of Innovation Environment @

Graphic Copyright © 2018 Troy A. Peterson, SSI

[ X X ]
a? Execution @ Observation & Learning Innovation Processes § Data & Information Items |:| Machine Agents 'H'H‘H‘ Human Agents C@System
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Systems Englniorlng Vision - 2025

s

Shared Insightful /

UnderStanding En”ghtened
Srom: ...Limitations of document-based

oar approaches, but is still in an early stage of
Learning Contextual / maturity similar to the early days of
Actionable CAD/CAE.

Knowledge

————————— To:...The use of internet-driven knowledge
: representation and immersive
Formalized Sgructu_redd/ technologies enable highly efficient and

jeclilzs shared human understanding of
————————— systems in a virtual environment that span
the full life cycle from concept through
Processed

Unpr%cessed/ development, manufacturing, operations,

Data aw and support.

Synthesized &

Information

Executing Knowledge Management in Support of Mission Command, A Primer for Senior Leaders - Army Bulletin No 18-02 (Nov 2017) INCOSE Vision 2025 www.incose.org



Employ Augmented Intelligence (Aul) ‘1@

* Reinforce knowledge in formal
models and pattern based methods
with Aul

e Maximize Human + Machine
Collaboration

« Allocate work based on strengths

« The Human + Machine combined
“team” is more effective than either
in isolation.

Remember: Aul = Human + Al Kasparov:s Law
Aul > Human weak human + machine + better process
Aul > Al beats

strong human + machine-+:inferior.process:

© 2019 by Troy A. Peterson Published and used by INCOSE with permission



Imperative: Use Models to Improve Outcomes F\

“Would you tell me, please,” Alice asks the
cat, “which way | ought to go from here?”

“Well”, responds the Cheshire Cat, “That
depends a good deal on where you want to
get to.”

“Oh, I don’t much care where —“ says Alice.

The Cheshire Cat responds ”If you don’t care
where you are going, then it really doesn’t
matter which way you go.”

Have a Goal
Know where you want to go...

The model is not the end game
Improved outcomes are...

Poor SE dooms MBSE
MBSE muiltiplies good SE

Lesson: Don’t be Alice & Remember: Automating junk makes more junk automatically!

© 2019 by Troy A. Peterson Published and used by INCOSE with permission



Imperative: Seek and Economical Description

“...All models are wrong, but some are useful”

“Since all models are wrong the scientist cannot obtain a
"correct” one by excessive elaboration. On the contrary
following William of Occam he should seek an economical
description of natural phenomena. Just as the ability to
devise simple but evocative models is the signature of the
great scientist so overelaboration and over
parameterization is often the mark of mediocrity.”

George E. P. Box

“...seek an economical description...”

=
i

-
e
N =



Imperative: Add Value to the Larger Stakeholder Community

MBSE effectiveness is more than a technical
solution. Implementation requires that it
adds value to the larger program community,
coupling models, machines and teams an to:
 Increase Collaboration

* Improve Communications

 Build Shared Understanding

Engineering Team

Program Team

© 2019 by Troy A. Peterson Published and used by INCOSE with permission



Imperative: Use Multiple Models

Evidence shows that people who think
with models consistently outperform those
who don’t. And, moreover people who
think with lots of models outperform
people who use only one.

Scott E. Page “Model Thinking” Course Description

Models are powerful; they help us
understand the world, they provide a path
forward for our ideas, and they invoke
action.




INCOSE Transformation Developments and Outcomes f”\

Outcomes Achieved

Supported incubation of >7 Challenge

Teams/WGs

Provided >35 INCOSE Transformation

briefings

INCOSE IS and IW MBSE Lightening
Rounds

Model Wrapper / Features Packaging
Framework

Model Based Assessment Roadmap
Model Based Stakeholder List

Model Based Enablers & Roadblocks
INCOSE Transformation Webinar

Strategy & Action Plan
Transformation website created
Many Transformation Briefings

New/Related Developments

Challenge Teams as Innovation Incubators
Collaborative V&V of models with ASME
Expanding and Developing new MOUs
Supporting OCM effort within INCOSE
MBSE FAQs Development

Model Based Exemplars

INCOSE MBSE Primer

Model Based Value Briefing

Supporting ST4ASE: Semantic Technologies
INCOSE Assessment Roadmap completion

Next Steps

Kickstart and Support
Transformative INCOSE Activities
Infuse Change Management
principles across INCOSE
Collaborate with FUSE, Vision etc.
Establish a Sector Ambassador
program to extend reach

Improve communications (INSIGHT
Transformation Corner Update
webpage on incose.org)

Update and refine metrics on
Strategy

Continue Working Standards review
for changes related to model based

Model Based ROI

W | o (o




Systems Engineering Transformation Observation ff\

A fundamental shift in the questions about MBSE
has occurred over the last two years — from

Why & ROI?

to

Now & How?

© 2019 by Troy A. Peterson Published and used by INCOSE with permission



INCOSE FUTURE Strategic Objective

FUSE

Transformation Initiative Futae syt Egineeing
Organizational Change Management Trend: Increasing Complexity of Systems
MBSE Incubator

OCM to support Technical Product Adoption
MBSE Benchmarking Study

Virtual Models Community Network A Systems Community Initiative

Collaborating Organizations

Modeling of ISO 15288 and availability ._;__: QIEEE g
Modeling of INCOSE and Products 9

o JOHNS_HO[’KINS ':f 11s8S "Dlh
MBSE Value Briefing Miisass et fie e ——

ﬁ % Software Engineering Institute
_ Carnegie Mellon University

SYSTEMS ENGINEERING m@n:

AResearch Center

© 2019 by Troy A. Peterson Published and used by INCOSE with permission




Trouble

understanding
systems?
Model them




Facilitated Discussion

& 20" Annual INCOSE
international symposium
!!‘.l. N 77 Orlando, FL, USA
o ,A/ July 20 - 25, 2019

www.incose.org/symp2019



Troy Peterson F\

Troy Peterson, SSI Vice President, and INCOSE Transformation lead is a recognized leader in
developing model based solutions to speed innovation and solve complex systems
challenges. He has led the delivery of numerous complex systems and methodologies while
at SSI, Booz Allen and Ford Motor Company. His experience spans academic, non-profit,
commercial and government environments across all lifecycle phases. Troy received a BS in
Mechanical Engineering from Michigan State University, an MS in Technology Management
from Rensselaer Polytechnic Institute and an advanced graduate certificate in Systems
Design and Management from Massachusetts Institute of Technology. He also holds INCOSE
CSEP, PMI PMP, and ASQ Six Sigma Black Belt Certifications.

Troy Peterson
Vice President

tpeterson@systemxi.com
844.SystemXi
313.806.3929
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