
SE your MBSE implementation in 

your organization

Where are you on your MBSE journey? 

Mark Sampson
INCOSE MBSE Initiative Chair 
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Automatic Cruise 

Control <FAULT>

Thermal/Heat 

Dissipation: 780°

Ergonomic/Pedal 

Feedback: 34 ERGS

Hydraulic Pressure: 

350 PSI

Sensor MTBF:

3000 hrs

Power Rating:

18 Amps

Hydraulic Fluid: 

SAE 1340 not-

compliant 

INCOSE Integrated MBSE Vision…

What does MBSE Integration look like 

Minimum Turn Radius: 24 ft.

Automatic Dry Pavement Braking 

Distance at 60 MPH : 110 ft. 

Minimum Turn Radius: 24 ft.

Automatic Dry Pavement Braking 

Distance at 60 MPH : 110 ft. 90 ft



Growing complexity in automotive… 

• ~35 million automotive

 recalls in the US last year

• Per AlixPartners*, each recall 

costs ~$500/vehicle, that’s $13.5 

billion in direct costs fixing the 

problems in 2023 

• Auto Manufacturers carrying 

~$113B in warranty reserves** 

(2.5% of revenue) on their books

…mostly due to cross 

organization/interdisciplinary 

communication issues 

Unrestricted | © Siemens 2024 | Siemens Digital Industries Software | Where today meets tomorrow.

* http://lite.cnn.com/en/article/h_a9a78e0bc97dc033569b8b2fefe63d47 

**https://www.warrantyweek.com/archive/ww20200910.html 

https://www.nhtsa.gov/press-releases/check-recalls-during-vehicle-safety-recalls-week#:~:text=NHTSA%20also%20released%20new%20data,tires%2C%20RVs%20and%20other%20equipment.
https://www.nhtsa.gov/press-releases/check-recalls-during-vehicle-safety-recalls-week#:~:text=NHTSA%20also%20released%20new%20data,tires%2C%20RVs%20and%20other%20equipment.
http://lite.cnn.com/en/article/h_a9a78e0bc97dc033569b8b2fefe63d47
https://www.warrantyweek.com/archive/ww20200910.html


The result of a siloed product development process…
Mel Conway was right *

Unrestricted | © Siemens 2023 | Siemens Digital Industries Software | Where today meets tomorrow. *https://www.melconway.com/
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Unprecedented Product Complexity: becoming unaffordable…
Norm was right  (Augustine’s Law #16)* 

Estimated Onboard SLOC Growth
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Boeing
Airbus
Unaffordable

299M

27M

A330/340: 2M

A320: 800K

A310: 400K

A300FF: 40K

A300B: 4..6K

INS: 0.8K

8M

Slope = 0.17718

Intercept = -338.5

Curve implies SLOC doubles 

about every 4 years

134M

61M

B757, B767: 190K

B747: 370K

B777: 4M

B737: 470K

The line fit is pegged at 27M SLOC 

because the projected SLOC sizes for 

2010 through 2020 are unaffordable. 

The COCOMO II estimated costs to 

develop that much software are in 

excess of $10B.

$160 B

$7.8 B

$290 M

$81 M

$38 M

Assumed

Affordability

Limit

source: http://savi.avsi.aero/

“Integrate, then build”
AVSI**

“Development effort, which increases exponentially with 

SLOC, is increasing at an alarming rate.  For example, 

the F35 has approximately 175 times the number of 

SLOC as the F16. But, it is estimated to have required 

300 times the development effort”       

    https://savi.avsi.aero/about-savi/

Unrestricted | © Siemens 2022 | Siemens Digital Industries Software | Where today meets tomorrow.
*https://en.wikipedia.org/wiki/Augustine's_laws

**avsi.aero 

https://en.wikipedia.org/wiki/Augustine's_laws


Result of late cycle integration discoveries… 
Mitsubishi SpaceJet Program canceled

• After years of delays, Mitsubishi Heavy 

Industries admits building Japan’s first 

homegrown passenger jet was too difficult and 

probably not viable (Feb. 8, 2023) 

• $7.6B is written off on failed program 

“Some test flights were aborted because of air 

conditioning defects and other software 

problems, and the delays meant revisions to 

the original design were required”

    The Guardian

Unrestricted | © Siemens 2022 | Siemens Digital Industries Software | Where today meets tomorrow.

A Mitsubishi SpaceJet takes off during a test flight from Nagoya, central Japan,in March 2020. Photograph: 
164811+0900/AP

https://www.theguardian.com/world/2023/feb/08/japan-cancels-mitsubishi-spacejet-

grounding-dream-of-homegrown-airliner

https://www.theguardian.com/world/video/2015/nov/11/japan-first-domestic-passenger-jet-maiden-flight-mitsubishi-video


Concept

Design

System

Design

Systems Engineering Process… 

Shift left… 
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Concept

Design

System

Design

Systems Engineering  Process… 

How it works today… 
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Concept

Design

System

Design

Integrated MBSE Process… 

How it can work with a model-based integrated product architecture
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MBSE Organization Change…



The journey begins with 
knowing where you are… 

Disconnected 

Communication 

with documents 

Continuous 

Communication 

with models
Integration Continuum



You are here…

Best Aero 

(best case) 

Best Auto 

(best case) 

You are here



Barriers to
implementation…

Silos locked-in by 
tools creating 
automated chaos

NxN problem…   

RM Tools

Excel

Excel

Word

RAMS

Test DB

SysML



Barriers to
implementation

Problem is 
information exchange
not data exchange

PLM is about 
information; 
managing the digital 
thread 

RM Tools

Excel

Excel

Word

RAMS

Test DB

SysML

PLM→ SysLMExcel

Test DB



How to implement technology change…
Meta-Dishonesty 

“Semmelweis Reflex”

…to dismiss/reject out of hand any information, 

automatically, without thought, inspection, or experiment 

Fore-ordained answers

…will the answer be accepted

Don’t waste your time on the wrong answers, unless… Wash Your 

Damn Hands

[http://en.wikipedia.org/wiki/Semmelweis]

Dr. Ignaz Semmelweis

(1818-1865)

Early Germ 

Theory

© 2023 Mark E. Sampson

http://en.wikipedia.org/wiki/Image:Ignaz_Semmelweis.jpg


Organization Pre-prep…

Is your organization prepared to accept the answer?

• Management & customer backing

– Do you have time to apply the tools 

– Do customers understand what you are doing

…other wise tools are thrown overboard to get over the next schedule pass

• Properly supported support organizations

– Who’s going to take care of the tools? 

– Who’s responsible to maintain, support, answer questions about the tools

• Timely Application of the tools 

– SE tools are time sensitive

– Money & resources start when…

…”Catch-22” programs don’t get resources until after SE decisions are made

“We are going on a journey.  

We will carry the wounded, 

but we will shoot the stragglers.” 

  --Hallmark Cards 

© 2023 Mark E. Sampson



Organization SDB’s…

• No time/money to use tools

• No backing for resources

• No training on tools

• Expecting tools to run themselves

• Thinking tools are static

• Not convincing the customer of the tool benefits

• No process for the tools to work within

• No mechanism for using tool results

• Applying the tool to everything

• Funneling everything through a gate keeper

• Expecting “paper” results from tools

• “where’s the hardware?”

• Rewarding fire-fighters vs. fire-preventers

• Blockading support organizations (…they cost too much, etc.)

[Covey 1995, Sampson 2000]

“…next year you will have a 90% 

probability of this failure…

But you will do nothing about it!”

            Dr. Stephen Wheelwright

© 2023 Mark E. Sampson [Covey 1970]



Organizational SDB’s cont…

How prepared is your organization? →

Culture change vs. getting lucky… 

[Sampson, 2000, Von Wodtke, 1993]

Buckminster Fuller’s Magic Log

Cows drink…© 2023 Mark E. Sampson



Cultural Considerations

After choosing a process, picking tools, convincing 

management/accountants to buy them, how do you get them to “stick”?

• Goal of tools to accelerate SE

• Change is required

• How to get technology/change to stick? 

Rogers Technology Diffusion Theory

22
[Rogers, 1962]

© 2023 Mark E. Sampson



Diffusion of Innovations…

5 characteristics of innovations that affect acceptance: 

1. Relative Advantage—perceived as better

2. Compatibility—consistent with values

3. Complexity—how difficult to understand & learn

4. Trialability—experimented with 

5. Observability—results visible to others 

23

[Rogers, 1962]

© 2023 Mark E. Sampson



Diffusion of Innovations…

5 kinds of people in organizations…

1. Innovators (2.5%)—risk takers, information from many sources, 
adventure-some

2. Early-adopters (13.5%)—social leaders, popular, fast trackers

3. Early-majority (34%)—deliberate, informal social circles

4. Late-majority (34%)—skeptical, traditional,…

5. Laggards (16%)—fear of change, resistant, militant… 

24
[Rogers, 1962]

© 2023 Mark E. Sampson
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Diffusion of Innovations…

…the way people perceive an innovation matters more then the 

merits of the tool itself.  Rogers’ Theory Suggests:

 

1. Start with pioneers on your first project application—

innovators, anxious to make it go, & move on the to the next 

new thing

2. Pass it on to early adopters who find the relative advantages 

(even if it takes considerable effort)

3. Use these opinion leaders/champions to take it across the 

“chasm” to the early/late majorities

[Rogers, 1962]
© 2023 Mark E. Sampson



Diffusion of Innovations…
Remember the Firefies…

Pioneer Aptitude Test Y N

Pioneers keep up with trade journals, 

computer magazines, etc.

Pioneers work on computers at home--

i.e., they don't get enough at work

Pioneers are always looking for new 

ways and tools to help them do their job 

(they may even go buy the tool 

themselves)

Pioneers are known throughout their 

project as the first to adopt any new 

technology that comes along and come 

up with new and unique ways of 

applying the tools

Pioneers are the informal support person 

in the project (project folks go to them 

for help on the tools)

Pioneers are almost always positive on 

what tools can do for the project

Pioneers are willing to put in a lot of 

work to make the tools work

1. Make your pioneers/champions successful 

2. Give them opportunities to communicate 

successes (opportunity to “nudge” others) 

3. Give them a career path to spread the  

innovation (Design Centers,…)

© 2023 Mark E. Sampson



Where do we start
our MBSE Journey?

Target rich 
environment

© 2023 Mark E. Sampson

Best Aero 

(best case) 

Best Auto 

(best case) 

You are here



Don’t make us come rescue you…
Ignoring the advice 

If you lead with tools (ignoring principals, process, & diffusion)… 

• Sunk cost

• Cost of rescue

• Wasted engineering time 

• Delayed project schedules

• Missing …product architecture

• Late discovery of integration problems

• MBSE black eye… 

Choose tools that include/support standard processes (the more 

OOTB the better)  

• Define/Train on processes 

• Show how tools support the processes, 

• Give users/projects a chance to share their experiences 

Toroweep Point

North Rim Grand Canyon

© 2023 Mark E. Sampson



The value of continuous integration
The impact of managing system interfaces and interactions across product development

© Mark E Sampson 2023

…we have modeled the logical 

interfaces of virtually the entire 

airplane and created a database that 

software design tools can assimilate 

with minimal human intervention. 

Mike Sinnett 787 Chief Systems Engineer 



“It is not necessary to change, 
survival is not mandatory”



www.incose.org/symp2024 

#INCOSEIS

Mark Sampson
INCOSE MBSE Initiative Chair

Mark.sampson@incose.net 
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