MBSE Workshop
Opening Plenary

Find a seat and strap In...
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Doing the math...

Nodes =5
Potential Links =10
Networks=21° 1024
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435
Nodes = 30, potential links = 435, unique configurations = 2

Number of atoms in the universe est. between 2198 and 2246
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Integrated MBSE Vision
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What does the integrated digital thread look like...
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Recent Headlines from other industries...

uUnrestrid

Page 5

€he New Jork Times

Boeing Says Charges Tied to 737
Max Grounding to Reach $8 Billion

Boeing 737 Max planes parked at the municipal airport in Renton, Wash. The Max

pl’me= have been grounded qftex two were ir
Lindsey Wasso r The New York Times

Boeing 737 Max..
Grounded since mid-March

07/19/2019

By David Gelles

a » []

The financial fallout from the troubled 737 Max jetliner continues to

July 18, 2019 f v

swell for Boeing, which on Thursday announced $7.3 billion in costs
that will hit its bottom line.

SIEMENS
lngenuity for tife
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INVESTING TECH POLITICS CNBC TV

TECH

Walmart sues Tesla over solar panel fires at
seven stores

PUBLISHED TUE, AUG 20 2019 . 4:33 PM EDT | UPDATED WED

Lora Kolodny
2LORAKOLODNY

Tesla Solar Panels...
Defective connectors/grounding

Amazon joins the suit as well
08/20/19

KEY ®* Walmart is suing Tesla for breach of contract after Tesla solar panels @

POINTS ignited atop seven of its stores. PEUP'.E " MABH'NES

NOVARSAN Fl

A future of work event fc

® Tesla and Walmart have been partners on clean energy initiatives for
years; more than 240 Walmart stores have Tesla solar systems
installed.

REGISTER

® Walmart has also pre-ordered at least 45 Tesla electric semi-trucks to
add to its vehicle fleet.

TRENDING NOW

Here’s g
signals 1
¢ red

| This S&
sentas
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Do you see the problem? SIEMENS
lngenuity for Ufe
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Case Study: Fuel Pump Control Module SIEMENS
lngenuity for Ufe

Fuel pump control module bad placement...

- Resulting in Bi-Metal Corrosion, failed ECU
- 86,000 vehicles recalled.. $8.6M direct costs

Unrestricted © Siemens AG 2019
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How about now?

Even when you were evaluating places to put it

435 4SS S400 e 134409
Fuel Tank Pressure C4035 R icense pla
Paristop/turm ear axle lamp,
(FTP) sensor top/ speed sensor S401
lamp, left rear - -
C4330 C408 5424 Rear view C4032
Funi pums camera Parkistopitum
module iieang o 4% | s4000 lamp, right rear
C4074 tamp, left $4001 5420
oot ‘ <2 o b ca61
(with flex fuel) S — \ N\ A - [ -~ -
B — I\_ » i
]
- | A :
< Ve }
i ,_\4
14405 = 1
| B | Vs
- \ : -
vaporative &
emission canister G401
vent control 1 \\ /
Sohnok! " ) can C410
S426
Fuel omp B i 134576
wvel pump 8409
C452
driver module e e
C4010 CA38A  jamp. night
Do Parking 368
arking aid sensor, ald sensor, Trailer tow
outer left inner left connactor Skt
G302 134576
e
driver module C429A
C450 C4009 TC.?SstB
i Parking aid sensor, railer tow
E‘.’;ﬁu’ﬁ'ﬁi%&"‘ o?ner left connector front of vehicie
Unrestricted © Siemens AG 2019

Page 8 2020-01-25

SIEMENS
lngenuity for tife

Bi-metal contact,
corrosion risk

What about purchasing?
Supply chain?

Siemens PLM Software



Imagine this working across an entire supply chain!

Model Based Design Chain (MBDC) SIFXI-EI}IOS%
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MBSE Process... SIEMENS

Shift left... Iug,u\ui(y{or(,{{e_
S6S Product Definition Product Implementation Product Build
Sco A A

Constrai‘ns

Interactions
AVA

Use Cases
— & Demands

|
2
ed b

Customer) : Product E Sub-System E Component E eBOM I: mBOM E ------

........................................................................................................................................................................................................................................
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How do we learn the lessons from the threads? SIEMENS
How to store/recall from somewhere so we don’t repeat them lngemuity for Life

Problem resurface metric: how long does a problem

once solved take to come back

- Auto: ~3 years

* High Tech ~6 mo.

« Aero ~15

years

3=

&\ 13
N

\
: ¢

|
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Cross-Domain problems result from:
- Siloed/Disconnected Decisions Integrated
+ Form follows function, Problems follow<{fhunctions

« Everyone involved, including purchasir( colaborative

« Disconnected requirements

Req\L'Jirements
*Uncommunicated change <Chan§'e/synch
* Happen at domain/organizational bou@"aiﬁ%}faces

- Migrate with people (overt or covert)

+ Missing/disconnected product architec@e\rchitecture

V“Water on the knee”

Siemens PLM Software



Where are we?
Our Murphy-risk
profile?

Integrated

Functions

Collaborative

{ Req\ijirements

Chanﬁ‘e/Synch
I

Interfaces

Architecture

Unrestricted © Siemens AG 2019
Page 12 2020-01-25

- Capability Assessment: Basic ) " Medium ) nced |
MBSE Process Maturity Level 4 T Ere—,
System Modeling/Architecture PPT in docs Disconnected Sys Models with Multiple model Integrated architecture models
[ Visio models Simulations exchange/optimize for cross-domain sim/optimize
PLE}'Cunﬂguratlnn {variatlnn] None Variation Disconnected variation Integrated variation  PL variation definition built into
documents, rules rules into architecture decisions
_ spreadsheets
Technical Risk {RAMS,, CﬂSt,".} None Risk documents, Integrated Risk Standalone RAMS Integrated RAMS, continuous
spreadsheets Management Plans with with FMECA Dash risk assessment/alarms with
aspects of RAMS boards dashboards
MBSE Process Maturity Level 3
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
MBSE Process Maturity Level 2
Functional Function hierarchy Isolated functional Integrated functional Functional arch with allocations

Feature/Functional Modeling

Cha racteristic/Target Mgmt

IChange Management

description docs
None

Document-based
change process

behavior models
Uncontrolled Controlled targets
Excel/Docs
Isolated models  Impact analysis &

included in change suspicion mgmt

modeling
Distributed
targets/constraints
Metrics with History
for improvement

& Traceability

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

MBSE Process Maturity Level 1

Requirement Management

‘Model Management

Verification & Validation

Design Management

Uncontrolled
gpreadsheets &
docs

Uncontrolled, rules-
of-thumb, hieristics
Minimum to no
planning

unmanaged Cax/SW
models

Standalone solutions
(disconnected)

Managed Docs

Uncontrolled, Shared model
behaivor models  repository
Manually testing " Isolated validation
everything simulations

Locally Mananged Enterprise repositories
CAX/SW

RM/traceability
exchange

Integrated,
component library
Integrated simulation
(HIL, SIL)

Integrated models
(MIL, SIL....)

Connected, configured, cross-
domain traceability with reuse

Model reuse with controlled
parameters

Focused testing, reuse results,
swap out models

Cross-domain
design/optimization




Where are we?

Page 13 2020-01-25

Capability Assessment: Basic
Disintegrated. ...

Low “Medium b High

|

Advanced
Integrated

MBSE Process Maturity Level 4

Sample

System Modeling/Architecture PPTindocs

PLE/Configuration (variation) None

Technical Risk (RAMS, cost,...) None

Multiple model
exchange/optimize
Integrated Varstig

models

Variation

rules

Standalone RAMS
with FMECA Dash
boards

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

Integrated RAMS, continuous

risk assessment/alarms wif
dashboards

MBSE Process Maturity Level 3

ICD in docs

Interface Management

Logical descriptio

Logical Modeling

documents
Parameter Management Unmanaged

spreadsheets

Manage Standard-basked Interface Reused interfaces

interfacps library

ogical hierarchy  Isolated logidal behavior Integrated logical
models behavior modeles
Marggdd Parameter libfary Integrated with

sheets functions

Functions/logical allocation
drives interface definitions
Logical architecture with
allocation with traceability
Reusable parameter library with
traceability

MBSE Process Maturity Level 2

Functional

Feature/Functional Modeling
description docs

Characteristic/Target Mgmt None

Integrated
functional modeling

Functich hierarchy Isolatgd functional

Uncontrolle Controlled tar Distributed

Functional arch with allocations
& Traceability

Integrated targets, budgets, with

N Excel/Doc targets/constrai cpapliance rap o
change Management Document-based Isolategfmodels Impact dapalysis & Metrics i ist arting point
change process inclu in change suspicion Nogmt or improvemen
. Avg Organization
MBSE Process Maturity [ — \ \ \ \

Requirement Management
spreadsheets & docs

Uncontrolled, rules-
of-thumb, hieristics
Minimum to no
planning
unmanaged Cax/SW
models

Model Management
Verification & Validation

Design Management

Managed Docs

Uncontrolled,

behaivor models
Manually testing
everything
Locally Mananged Ente
CAX/SW

Ylsolated validation
inulations mulatiol(HIL, 5IL)
Ihtegrated Models

(MIL, SIL,...)

se repositories

Best Aero
(best case)

ured, cross-
with reuse

ontrolled

Focused testing, reuse results,
swap out models
Cross-domain
design/optimization




Capability Assessment: Basic " Low * Medium b High * Advanced )
Disintegrated . ... .....:c..cosun soossessuacsansasae sanssnsnansnas Integrated
. MBSE Process Maturity Level 4 Sample
amnm by I n d u stry System Modeling/Architecture PPTin docs Disconnected Visio  Sys Models with Multiple model Integrated architecture models

mo exchange/optimize for cross-domain sim/optimize
i Integrated variation PLwvariation definition built into
into architecture decisions

PLE/Configuration (variation) MNone

Standalone RAMS Integrated RAMS, continuous risk
Management Plans with  with FMECA Dash assessment/alarms with
aspects of RAMS (FMEA)]  boards dashboards

Technical Risk (RAMS, cost,...) None

MBSE Process Maturity Level 3

Interface Management ICD in doc naged interfaces Standard-based Interface Reused interfaces Functions/logical allocation
library drives interface definitions

Logical Modeling Logical descr i .I hierarchy Isolated logical behavior  Integrated logical Logical architecture with
documents - models behavior modeles  allocation with traceability

Parameter Management Unmanaged = mg% Parameter library Integrated with Reusable parameter library with
spreadsheets spreadskfﬁ! functions traceability

e

MIBSE Process Maturity Level 2 )Q

Feature;’Functional Mcde"“g Functional A erarchy Isolated functional Integrated Functional arch with allocations &
descripti behavior models functional modeling Traceability

Characteristic,fTarget Mgmt MNone ncontrollefd targets Distributed Integrated targets, budgets, with

Excel/Dats targets/constraints compliance reports

Change Management Document-based :Is" odel Impact analysis & Metrics with History Project level reuse, starting point

change process included in cMgnge suspicion mgmt for improvement for next project

MBSE Process Maturity Level 1 \ \\ \

Requirement Management Uncontrolled Managed D% Stan solution RM/traceability Connected, configured, cross-
spreadsheets & docs exchange domain traceability with reuse

Model Management Uncontrolled, rules- pository  Integrated, Model reuse with controlled
of-thumb, hieristics i component library  parameters

Verification & Validation Minimum to n Integrated Focused testing, reuse results,

plannj simulation (HIL, SIL) swap out models

nmanaged Cax/SW

Design Management EE.EEG”ES Integrated models  Cross-domain

models (MIL, SIL,...} design/optimization

Page 14 2020-01-25




Integrated MBDC
Journey

Example:
OEM electronics mfg &
Semiconductor supplier

Power of shared
Product Architecture
|dentify supply chain
disconnects

Shift to right together
Slash system
integration effort

...realize total value of
Product Architecture
driving supply chain

Page 15 2020-01-25

Capability Assessment: Basic “Low " Medium : High " Advanced
MBSE Process Maturity Level 4
System Modeling/Architecture PPTin docs Disconnected Sys Models with Multiple model Integrated architecture

PLE/Configuration (variation) None

Technical Risk (RAMS, cost,...) None

Visio models Simulations

Variation Discg7{nected variation d variation
documents; rul< Disconnect

spreadsheets

Risk documents,  Integrated Risk Standalone RAMS

MapagemEnt Plans with with FMECA Dash
aspects ofl RAMS boards

spreadsheets

exchange/optimize

models for cross-domain

PL variation definition built
to into architecture

In\egrated RAMS, continuous
ris} assessment/alarms with

MBSE Process Maturity Level 3

A N

Interface Management ! ICD in daes

Logical Modeling Logical description
documents

Parameter Management Unmanaged
spreadsheets

" "Disconnect

based
ibrary
Isolated logical behavior Integrated logiXal
models behavior model
Parameter library Integrated wit
functions

Reused interfgfes

tagical hi

Manage
spreadshe

Functions/logical allocation
drives interface definitions
Logical architecture with

allocation with traceability
Reusable parameter library
with traceability

Integrated MBDC

MBSE Process Maturity Level 2

N /

possibilities

Feature/Functional Modeling Functional
description docs

Characteristic/Target Mgmt  None

Change Management

Document-based
change process

Function hierarchy Tsalased functional
bettavidy models
Controlled targets

modeling
Distributed

Uncontrolled
Excel/Docs
Isolated mipdels

Impact ahalysis & ics with H§
included inichange suspicion\mgmt for improvem

MBSE Process Maturity Level 1

Uncontrolled
spreadsheets &
Uncontrolled, rules-
of-thumb, hieristics
Minimum to no
planning
unmanaged Cax/SW
models

Requirement Management
Model Management
Verification & Validation

Design Management

Standaloge solutiyns
(discentiected)
Uncontrolled; Shared model
behaivor models—repository
Manually testing " Isolated validation
everything simulations
Locally Mananged Enterprise reppsitories
CAX/SW (

RM/traceabil
exchange
Integrated,
component library

Managed Docs

Integrated f@nctional Fun

targets/const\aints

OEM equipment

allocations & Traceability
Integrated targets, budgets,
with compliance reports

e, starting
Dject

onnected, configured, cross-
domain traceability with
Model reuse with controlled
parameters

Focused testing, reuse
results, swap out models
Cross-domain
design/optimization




Dishonesty/Meta-Dishonesty SIEMENS
Il«\?ev\uf\ly«foru'[e

“Semmelweis Reflex”

“...to dismiss/reject out of hand any information,
automatically, without thought, inspection, or experiment”

Dr. Ignaz Semmelweis
(1818-1865)

Early Germ
Fore-ordained answers Theory
...will the answer provided by SE tools be
accepted
Don’t waste your time on the wrong answers,
unless...
Wash Your

Damn Hands

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

16
Page 16 2020-01-25 Siemens PLM Software


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

Organization SDB’s (Self-Defeating Behaviors)... SIEMENS
Iu?ehuffyforhfa

* No process for the tools to work within

* 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 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 Dr. Stephen Wheelwright

- Blockading support organizations (...they (Harvard Business School)
cost too much, etc.)

...next year you will have a 90%
... probability of this failure...but
1 you will do nothing about it!

Unrestricted © Siemens AG 2019 17
Page 17 2020-01-25 Siemens PLM Software



Organizational SDB’s continued...

How prepared is your organization?

Culture change vs. getting lucky...

Buckminster Fuller’s Magic Log

Unrestricted © Siemens AG 2019
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SIEMENS
Il«\?&v\uf for life

Model-Based Enterprise Capabilities Matrix Challenge Team
Chaired: Joe Hale/Al Hoheb

e,

13 Novembert 209

stage 0

Stage 1

INCOSE Model-Based Enterprise Capabilities Matrix (1.6a)

stuge 2

stage 3

Stage 4

Workforce/Culture

MBSE ApproschiObjectives

Aot areness that MESE may be
used and may be beneficia

Sub-Disciphine Tooluse [e.g.,
CRADLE, DOCRS)

Full Models. Modeling resuks used

Full System Models; Model view s translated
into diional views foruse and

infotm systems engineers in system analisis,
design, and integration.

understanding by erganization. Modeling
resuks support decision making

Full System Madels; Degarization famiiar snd competentin
using modeling view s for key system decisions

MBSE ApproachiDbjectives ars e
cammunicatedto, sndurderstood
ProgiamiProets, CI0, SGMA, ete,

Mot using srterperise and system
kvl modebng tools, not covering

the systemilife cycle

Limeduse of enterperise and

wlevel modeling tools, not

g the syatem lfe cucle

Use of specific erterprise and systems
model(s)within System Engineering

(ze of specilic enterprize and systems
madells) ithin Systems Engnesing
understanding how esternal

ing models relate.

Use of 5p

ffic enteprise and sytsems modells) within Sysems

Expecting different tools to be used

Lifecycle Coverage

specific problems within alile
cycle phase

Modsls cover only Single ife cych
Phases

Models cover Muli-Phases, Limted Revews

Mur-Contiguous Phases

End-to-End. Tog-to-Bottom

Mode-Based Tool Use Engineering ciganizalions aciass an enterpise and Contracter, and across Contra
Madels are not developed for e sie developed o panzof the
yetem or enterprise engineering \engineeting Multiple System Models e integrasdfor | Multiple ernetprice models are interfaced within o across Model sttucturelarchite cture driven
SE-driven Model Build proc engneeing proces Full SystemiErtarprise Models are developed | the ervarprise mission areas and evideniiary artifacts
Flo models or models crly address

Across all Phases and down o lowe

Institutional Adoption[e.g.,
service, center]

Some pats of the instiution have

new
nitiative, plot progr ams,
ase driven)

splion byinstitution Enteipe;
Systems Engineering rgan

Comman implemenitation basi acioss
institution

Consistent instintionsl approach across
oiganizations with varations &5 appropriste
for specific needs

Policy and practioe diven across the instituicn.

Taslz, training, and T ink sstructuie
Institutionalrescurces

onal Adopion(e.g.,
. pragiam, projec)

Some pans of the crganizaiion
have sdopted fe.g.. new
o3 ve, plot programs,

s case driven)]

Adoption by organization Enterprize
or Jystems Enginesting
Diganizations.

Comman imglementation basis actoss

arganization.

crsistent crganization appros
programs/projects wih varlations

apprapriste fes speciic needs

chicy snd practice diven across the arganization

Discuzsion shout whether thisis 2

Defirition of roles and
responsibiliies

Model-based Knowledge, Skils,
and Abilties [K34s) are
completel undefined and
unknown

Model-based Knewledge, Slills, and
Abilkies [K34s) are defired for
modelers

Madel-based Knowledge, Skills, snd Abiliies
[K:Shis) are defined for ralesinvalved with
modeling; Erverprise fuckitect, SE,PM,IT,
modelers, stc

Medel-based Knovledge, Skils, and
Meiities (KShs) are defined for roles rwolved
with enterprise management

People who need tobe active are identéied and invelved
Sulficient stafling and staffing plan ensures al roles are fullled

Moved up From PracessesiMethodo
you are in the organization

Modsling Development Slills

Mone, or ad-hoc for all statt

IModeling of components of the
Erterprise or System,

Novioe Modellers on bl Enterprize or Sustem
subsystem models

Expert Model development lead ¥ih
enpetience pracicing modeing on at keast 1
ssfully completed at least
that used models

rsupport of the rei

Expert Model development lead th
andey

smodeing standards

of other modelers

sates the model product qual

Mare thanjust modeling tool experti
modsl snucturelarchitecture that 5.

Modeing Use skils

Hone, ot ad-hoc foe al seaff

Can generate ool standaid digital
srifscts as needed to evsiuste the

Erterprize ot System.

Can geneste ool custom digitsl snifacts a2

needed to evaliate the Enterprize o System.

Cangen

te custom digital anifacts aciass
. and data sets to evasluste the

I —

S corEEe 16 GeTing 1o ETRETTEe, SyEtem, and oher
data needed by the complete team o perform anakysis for IFTs
eviews, sisdts, and other technical and programmatic
decisions.

Thiz covers  role that al

conduct model based a

Modeling-related Traininglk34

development

Mo training

Modeling on sp
respect 1o theil rol

modeler

chs with

a5 auser ol

Trairirg ard initial experience 1o perfom e

modeler o user iohes.

Diemonstizting robe capabiities

madels, coaching andinstiucting atheis

Provide leadeishipin proposing, designing, and delivering

raivingthat is appopiate foe the modeling and uset roles

Mubilevel raining senes, including
enecuition Paul Waler to help flesh

L ——

Systomtarminology defined ot the
Progect of program.

Common Glossarata Cictionary

Top Tier Oreology iz defined for the enterprise,

Discipine Ontologies

Comman, tiered taneramissloniclogies is defined and
consistent with accept community standards.

A hies srchy of tasonomies and onito
subcedinate domainfdisciphing Lows
o, moved up from Tooks &7 Infras

JFLasE ficesses/Methodalogy

el B 1T and B 1% M-

Cows drink...
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