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“Fireflies”

Like Christmos lights gently floating in
midair, fireflies always add a littde bir of
magic to the forests they live in.

| CLICK &
DRAG

- N T

magic In Southeast Asia if you go out
to the riverhank deep in the night, you'll
be treated to this stonning lightshow —
courtesy of the Thailahd firefly-
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INCOSE Integrated MBSE Vision...
What does MBSE Integration look like

Minimum Turn Radius: 24 ft.
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Growing complexity in automotive...

Software/Electronics E S I A I E % Transmission
- lights, computer, wiring, steros/alarms rollmary, electronic shift levers, gear boxes
11 . number of 2022 recalls: 70 | RECAL A f number of 2022 recalls: 5
 ~35 million automotive shecedveides 105000 [ LS il
. A Review of the Year in Automotive Recalls by Recall Masters [
i Restraints
recalls in the US last year = | Restraints

S’ number of 2022 recalls: 20 ‘ Wod 7 L y ; number of 2022 recalls: 11
affected vehidles: 834,001 A 1 affected vehides: 340,130

« Per AlixPartners*, each recall hy Arbogs | i —— W TN sredpmet
costs ~$500/vehicle, that’s $13.5 el g o WECa R S
billion in direct costs fixing the Brakes ‘ | ~ % N aties

. n parking brakes, brake leaks, calipers, mtors = ~ . , door/hood frearhatch/liftgates/sets
problems in 2023 QY cimcipnnoes Rl T e PG TP s

Windows ] : Steering/Suspension
survoofs, windshield, windshisld wiper, seaks H powersteering, stabllity, steering clumn

J number of 2022 recalls: 8 number of 2022 recalls: 11
affected vehides: 440,989 2 affected vehicles: 155 826

* Auto Manufacturers carrying
~$113B in warranty reserves** — — —
(2.5% of revenue) on their books =8 e

affected vehicles: 10,919

...mostly due to cross

organization/interdisciplinary
communication issues * http://lite.cnn.com/en/article/h a9a78e0bc97dc033569b8b2fefe63d47

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

System ltem ltem

Item Design System
Requirements Requirements 9 Verification

Verification Verification

Requirements

P |

Requirements?

/N

Design
Decisions?

),

Architecture?

Targets?
| 2 of truth?

|
: ~sons learned, reuse, ...
! Traceability/Change impact?

Compliance
documents?

V&V plans?



Unprecedented Product Complexity: becoming unaffordable...

Norm was right (Augustine’s Law #16)*

Ln(Onboard SLOC)

“Integrate, then build”
AVSI**

Estimated Onboard SLQ

SLOC doubles about every 4 years =\
20
<
184
O 16
8 16
7
- B737: 470K
2 14 B747: 370K +
3 B767: 190K~ - A310: 400K F-22: 1.7M
S 12 tRhSUpS F-16D: 236K
=1 F-16A: 135 ;
— A300FF: 40K
10+ ;
8- A300B: 46K
INS: 08K
6 L L) L) L) T
1960 1970 1980 1990 2000 2010 2020

Suggested
affordability
limit (2013)

20
Slope =0.17718
18 1 Intercept =-338.5
Curve implies SLOC doubles
about every 4 years
16
B777: 4
14 B737: 470K
B747: 370K A310: 4
12 - B757, B767: 190
A300FF: 40K
10
(
A300B: 4..6K
8 300 6
l@ 0.8K
6 I I
1960 1970 1980

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

Result of late cycle integration discoveries...
Mitsubishi SpacelJet 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 A Mitsubishi Spacelet 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
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Systems Engineering Process...
Shift left...
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Systems Engineering Process...

How it works today... \_\ (0\

Sés Product Definition Product Implementatlon g(at\o Product Build
Sco )\ A
Constrai{nts I\ \ ( /ﬁ H
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Integrated MBSE Process...
How it can work with a model-based integrated product architecture
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MBSE Organization Change...

Systems Engineering Process... .
How it works today... e‘o\c n
Product Definition Product Implementation a“o roduct Build
S
SmW;)S 3 teg" |
Constraihts \[ - \

Interactions
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AT

'Solution :
m’,::«: Product Sub-System

Integrated MBSE Process...
h/e How it can work with a model-based integrated product architecture
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Capah“ﬁy Assessment: Basic Low *Medium ‘High " Advanced

Disconnected Continuous

- - Communication |ntegrati0n Continuum Communication
. . . System Modeling/Archites with documents with models
Th e J ourn ey b eg INS Wi t h models simulations exchange/opti
. PLEfConfiguratiun (variation) Variation Disconnected variation Integrated variation  PLvariatio on builtinto
kn 0W| n g Whe re you are . documents, rules rules into architecture decisions
spreadsheets
Technical Risk (RAMS, cost,...) MNone Risk documents, Integrated Risk Standalone RAMS with Integrated RAMS, continuous
spreadsheets Management Plans with FMECA Dash boards risk assessment/alarms with
aspects of RAMS (FMEA) dashboards
Interface Management ICD in docs Managed Standard-based Reused interfaces Functions/logical allocation
interfaces Interface library drives interface definitions
Logical Modeling Logical description  Logical hierarchy  Isolated logical behavior Integrated logical Logical architecture with
documents models behavior modeles allocation with traceability
Parameter Management Unmanaged Managed Parameter library Integrated with Reusable parameter library
spreadsheets spreadsheets functions with traceability
FeaturefFunctionaI Modeling Functional Function hierarchy Isolated functional Integrated functional  Functional arch with allocations
description docs behavior models modeling & Traceability
Characteristicharget Mgmt MNone Uncontrolled Controlled targets Distributed Integrated targets, budgets,
Excel/Dacs targets/constraints with compliance reports
Change Management Document-based Isolated models  Impact analysis & Metrics with History  Project level reuse, starting
change process included in change suspicion mgmt for improvement point for next project
Requirement Management Uncontrolled Managed Docs Standalone solutions RM/traceability Connected, configured, cross-
spreadsheets & (disconnected) exchange domain traceability with reuse
docs
Model Management Uncontrolled, rules- Uncontrolled, Shared model repository Integrated, Model reuse with controlled
of-thumb, hieristics behaivor models component library parameters
Verification & Validation Document-based Manageed test Y standard test libraries Validation simulation Focused testing, reuse results,
test procedures cases & HIL/5IL swap out models
Design Management unmanaged Cax/SW Locally Mananged Enterprise repositories Integrated models Cross-domain
maodels CAX/swW (MIL, 5IL,...) design/optimization
CMMI Staged Levels: (1) Initial {2) Managed {3) Defined {4) Qualitative (5) Optimizing




You are here...

Capability Assessment:

System Modeling/Architecture

PLE/Configuration (variation)

Technical Risk (RAMS, cost,...)

PPT in docs Disconnected Sys Models with

isio models watinn
MNone WVarrstion Disconnected Xariatio
MNone

Multiple model
exchange/optimize
: afed variation

FMECA Dash boards

Standalone RAMS with

Integrated architecture models
for cross-domain sim/optimize
PLvariation definition built into
into architecture decisions

Integrated RAMS, continuous
risk assessment/alarms with
dashboards

Interface Management

Logical Modeling

ICD in docs

Logical descr

Standard/based
Interfacq library
Isolated Jogical behavior

Reused interfaces

Integrated logical

Functions/logical allocation
drives interface definitions
Logical architecture with

documents models behavior modeles allocation with traceability
Parameter Management Unmanaged Parametdy library Integrated with Reusable parameter library

spreadsheets functions with traceability

Functional Function| hierar Integrated functional Functional arch with allocations

Feature/Functional Modeling
Characteristic/Target Mgmt

Change Management

description docs

None Uncontrolle
Excel/Docs

Document-based Isolated
change process

modeling
Distributed
targets/constraints
Metrics with History
forimprovement

Best Auto

(best case)

& Traceability

Integrated targets, budgets,
with compliance reports
Project level reuse, starting
point for next project

Requirement Management

Model Managem

Verification & Vali

Uncontrolled
spreadsheets &
docs

m

Design Management

rocedures cases

unmanaged Cax/SW Locally Mananged

models CAX/SwW

Managed Docs Stan

ntrolled, rules- Uncontrolled,
umb, hieristics behaivor
anageed test Y Standard test libr

rise repositpfies

{MIL, SIL,.\)

Connected, configured, cross-
domain traceability with reuse

ith controlled

o, reuse results,

Cross-domain
design/optimization

CMMI Staged Levels:

(1) Initial  (2)M

anaged (3) Defined

(4) Qualitative

(5) Optimizing




Barriers to
implementation...

Silos locked-in by
tools creating
automated chaos

NXN problem...

A

A

|

Capability Assessment: Basic Low Medium High Advanced
System Modeling/Architecture PPTindocs Disconnect Multiple model Integrated architecture
Visio mod SySML exchange/optimize models for cross-domain
PLE/Configuration (variation) None Variation P Uariation Integrated variation PL variation definition built
documents, 7 /Zrules rules into into architecture
spreadsheets ,/ 1 decisions
Mone Risk dowfnentz, Standalone RAMS  Integrated RAMS, continuous

Technical Risk (RAMS, cost,...)

Interface Management
Logical Modeling

Parameter Management

Logica
documents
Unmanag

models I
Pdrameter Iililnrar\,r
1

behavior modeles
Integrated with

spreacfsheets,/ with FMECA Dash  risk assessment/alarms with
d 7 boards dashboards
7 /
L
/ 4 | J
/ / I l
n;lged / Star'dard—bas%'d Reused interfaces  Functions/logical allocation
erfacgd Intekface librgry drives interface definitions
Lgngic/a{'hierarchy Isol’ated logical behavior Integrated logical  Logical architecture with

allocation with traceability
Reusable parameter library

spreadshes ; 1 functions with traceability
' '
' '
\ L :
Feature/Functional Modeling Functional kunction hierarchy llsolated fun:ctional Integrated Functional arch with
description docs \ Lechavior mpdels functional modeling allocations & Traceability
Characteristic/Target Mgmt None led targets Distributed Integrated targets, budgets,
B " targets/constraints with compliance reports
Change Management Document-based Isoldted medels  |mpact anglysis & Metrics with Project level reuse, starting
change process incluged inichange .:uépicion ingmt History for point for next project
\ | \ |
1} T \ 1
v R |
Requirement Management Uncontrolled Managed D ns RM/traceability Connected, configured, cross-
spreadsheets & v exchange domain traceability with
Model Management Uncontrolled, rules- Uncontrolld, ) Integrated, Model reuse with controlled
of-thumb, hieristics behaivor mgds component library  parameters
Verification & Validation Document-based Manage ibraries  Validation Focused testing, reuse
test procedures Cases simulation & results, swap out models

Design Management

unmanaged Cax/SW Locally Mananged

models

CAX/SW

nterprise repositories

Integrated models
{MIL, SIL,...)

Cross-domain
design/optimization

CMMI Staged Levels:

(1) Initial

(2) Managed

(3) Defined

(4) Qualitative

(5) Optimizing




Barriers to
Implementation

Problem is
iInformation exchange
not data exchange

PLM is about
iInformation:;
managing the digital
thread

|

Capability Assessment: Basic Low " Medium High " Advanced

Sys Models with Multiple model Integrated architecture

exchange/optimize models for cross-domain

System Modeling/Architecture PPTindocs Disconnectes
Wisio mode

PLE/Configuration (variation) None Variation - Integrated variation PL variation definition built
documents, 7 /Zrul rules into into architecture
spreadsheers / decisions

Technical Risk (RAMS, cost,...) None Risk dc:-wfnentz, BicT Standalone RAMS  Integrated RAMS, confi
spreacﬁ".heetg with FMECA Dash  risk assessment/a

.7 boards dashboards
I/ .
e ! I
Interface Management Standard-basfd Reused interfaces
Intetface librgry
Logical Modeling LogicaT aestrp oficathierarchy Isofated logiaal behavior Integrated logjg
documents

mgdels i behavior mg
Pdrameter Iiﬁrar\f i
]

Parameter Management Unmanag® v JMagaged
spreadshes_ spreadshee

}. | Y 1 i

Feature/Functional Modeling Functional
description docs

Characteristic/Target Mgmt  None

'Eunctio;khierarchy Asolated fur,cti
Lt avior

Change Management Document-based Isc:-la;ced dl\s
change process incluged imchag
1 ]

Requirement Management Uncentrolled
spreadsheets &
Model Management Uncontrolled, ¢

of-thumb, hi
Verification & Validation Docume

Design Management

CMMI Staged Levels;




How to implement technology change...
Meta-Dishonesty

Dr. Ignaz Semmelweis
(1818-1865)

“Semmelweis Reflex” Early Germ
...to dismiss/reject out of hand any information, Theory
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 YO u r
Damn Hands

[http://en.wikipedia.org/wiki/Semmelweis]
© 2023 Mark E. Sampson


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

Organization Pre-prep...

“We are going on a journey.
We will carry the wounded,

Is your organization prepared to accept the answer?

Management & customer backing but we will shoot the stragglers.”
Do you have time to apply the tools --Hallmark Cards
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

© 2023 Mark E. Sampson



Organization SDB’s...

“...next year you will have a 90%
No time/money to use tools probability of this failure...

No backing for resources But you will do nothing about iF!”
No training o e Dr. Stephen Wheelwright
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.)

© 2023 Mark E. Sampson [COVGy 1970]



SE tool management acceptance chec l-.hst
Did the tool support group help with the propoga
Has the manger forecast time & money for tool us

HOW prepared IS yOUF Org anlzatlon? 9 )id the project manager help get the tools for his project?
Has the manager forecast tume & money for tool traming?
Iz the manager willing to let the tools be upgraded nud
project or are we stuck at this tool versic
Iz the manager willing to let hig tool power ugers share

30 arned, be mvolved with uger groups, ete.?
Is the manager active in convincing hig customer or the

. benetits of the tools?

CUIture Change VS. gettl ng IUCky' " Are the tools used during customer reviews?
It there a development process being followed on the
project?
Is there a mechanism for doing something with the results
of the tools?

Is the ms mvolved with defining requirements?

Does the manager see "one or two" engineers managing
the product requirements?

Does the manager have a "lets get something built" before
requirements are defined mentality?

Does the manager think the value of the tool 1g 1n its
paper generation capability?

Does he want/let the engineering automation support hig
project?

Buckminster Fuller’s Magic Log

© 2023 Mark E. Sampson Cows drink... [Sampson, 2000, Von Wodtke, 1993]



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

© 2023 Mark E. Sampson

[Rogers, 1962]

22



Diffusion of Innovations...

5 characteristics of innovations that affect acceptance:

Relative Advantage—perceived as better
Compatibility—consistent with values
Complexity—how difficult to understand & learn
Trialability—experimented with
Observability—results visible to others

a bk ow0bdPRE

© 2023 Mark E. Sampson

DIFFUSION

lNNOVATlONS

FOURTH EDITION

EVERETT M.ROGERS

[Rogers, 1962]



Diffusion of Innovations...

5 kinds of people in organizations...

1.

as~wn

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

Early-adopters (13.5%)—social leaders, popular, fast trackers
Early-majority (34%)—deliberate, informal social circles
Late-majority (34%)—skeptical, traditional,...

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

© 2023 Mark E. Sampson

Inn

Laggards
16%

[Rogers, 1962]
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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 onto 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

© 2023 Mark E. Sampson

GEOFFREY A. MOORE

Author of Inside the Tornado and The Gorilla Game

B 1 &32‘,-(:)\."}. -

- s

G,

‘> Business Week <
= Bestseller

MARKETING AND SELLING HIGH-TECH
PRODUCTS TO MAINSTREAM CUSTOMERS

[Rogers, 1962]




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

Pioneer Aptitude Test Y N _ _ _
Pioneers keep up with trade journals, N novatlon (DeS|g N Cente I’S, - )
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)

v

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 Q
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

© 2023 Mark E. Sampson



Solution

(1) Initial (2) Managed

(3) Defined (4) Qualitative

(5) Optimizing

Product engineering

Uncontrolled

System Architecture Modeling “PPTindocs 1zconnected Visio diagra T
Product architecture definition
Planned Product Variability Y Nane Wariggion documents &

PLE/Configuration/Variation

Reliability & System 5Safety Analysis
Technical Rizk (RAMS)

sppéadsheets

Y Risk documents &
spreadsheets

Combined Risk Mgmt plans
with inanual RAMS artifacts
[FraEa)

Controlled Documents solated mode
\N

Enterprize Integration

Continous Engineering

File-grained integrated

andalone SysMLwith
2 system architecture

Y RAMS ana lysis tools

gutput a FMECA g integrated with product
é architecture via PLM

" Continuous integration via
PLM-bazed architecture
drives closed-loop MBD:C

Y PLM variation definition drive’
architecture decisions

b Integrated RAMS, continous
rizk assessment, alarms,
dashboards..

Cross domain services

P

ICD & logical description

iEartifacts linked to Logical b Integrated fine-grained Ingil:ar Logical architecture carries

System Definition & Design Integration Managed interface oEiC

Logical modeling & interface mgmt documents hierarchy models & 5td interface archwith interfaces across domains. Interfaces
libraries everywhere

Integrated services \\

Feature Engineering TFe ature/Functicnal Functional hierar furctional behavior Integrated fine-grained " Functional arch with )

Feature/Functicnal Modeling description docs functional modeling allocations & traceability

ParameterTarget Mgmt Y Uncontrolled Excel/Docs Contribed Prij e b Enterprize PLM b Integrated parameters, h

Characteriztic/Targets/TPM

Gre adsheet®Doc 5>

parameter/target mgmt &
reuse

d
Pafaryeter/Target libraries

targets,... drive continuous
compliance monitoring

Change management 1Du:ument—based:hange Izolat#d modelzs includedin - Change\mpact analysis & ‘Enmplete PLM configuration ‘Ernssa-prnjettlevelreuse,

process chahgs SUEpis Emt with models, parameters, starting point for next project
You are here hi

Content Management Best Auto

Requirements Analysis 'UI‘II:I}I'ItFI}”Ed spreadsheets & |Managed requirements d nnecte tools egrated requi RCAS ASE ompliance thru

Reguirements engineering & mgmt docs zfChange gability inzide PLM connected, configured, cross-
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Don’t make us come rescue you...

lgnoring the advice Toroweep Point

North Rim Grand Canyon

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 F il L

S BEYOND THIS POINT
« Show how tools support the processes, z D = .. .
» Give users/projects a chance to share their experiences ms‘ﬂmlzsfﬁ'To‘ﬁo'\v:A'i'i}t?:ﬁo«VI&WTH ‘

i E COLORADO RIVER.
IT IS 55 MILES TO GRAND CANYON NATIONAL PARK, TUNEEP AREA. THIS ROAD
IS HOT MAINTAINED AND CAN BE POTENTIALLY HAZARDOUS, IT IS SUBJECT T0

FLASH FLOODING AND DEEP ROAD CUTS, PLAN YOUR TRIP ACCORDINGLY.
.

S

- NO SERVICE

© 2023 Mark E. Sampson



Flight Controls Environmental Control Systems  Mechanical
= Flight Cantrols Elecironss = Eq aaling =W

Total Publisher Flags per System

6000

...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.

4000

Number of Flags

1000

Mike Sinnett 787 Chief Systems Engineer

Prop Fuels

© Mark E Sampson 2023



It IS not necessary to change,
survival Is not mandatory”

W. Edwards Deming,
Data Scientst



F\ 34th Annual INCOSE
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www.incose.org/symp2024
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Mark Sampson
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Mark.sampson@incose.net
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