Realize innovation.

te...

Start Integrated, Stay Integrated

A fallure to
communica

o
I
o
«
%
c
[
E
D
n
©
o
4
&
o
=
5
0
o
S
c
D

67 & A T R I N A N T
/, N /z/.///,/,/ ///“

o /__/.__//




SIEMENS
_ . lngenuity for Ufe
Project Complexity

Disciplines

—

restricted © Siemens 2020

age 2

[Fostering MBSE, Bonnet, Navas INCOSE MBSE Workshop 2020]
Siemens Digital Industries Software



Complexity = more & more
brains involved
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SIEMENS

Doing more, with more .
Ib\g«%ul{y‘fof(/th

constraints, less time

Dealing with very
demanding customers

Communication &
Information Management
Problem
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. SIEMENS
. -.‘..-“ '-’“ —— Ihg&huf\‘y‘forufa

Systems Engineering

PROFESSIONAL 2013

Block
Diagram
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SIEMENS

Doing more, with more .
. Il«\g,ev\unly«forufe

constraints le

Dealing with very
demanding customers

Documents don’t scale...
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Doing more, with more
constraints, less time

Interacting with more people

Unrestricted © Siemerisz
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SIEMENS
lngenuity for tife

Dealing with very
demanding customers

Models without common
methods/grammar can’t
communicate meaning

Siemens Digital Industries Software



SIEMENS

Doing more, with more \
Ib\?&b\“({y‘fof&h,

constraints, less time

- ‘ Dealing with very
demanding customers

Continuous communication requires:

...architecture/system modeling with

embedded standard process/method

« Blueprint with requirements for programs

« Integrated with scalable PLM

« Wwith access to standard services

« sharable with suppliers without
compromising IP

e ...enables continuous

{: Integration/communication

Page 10 Siemens Digital Industries Software
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Integrated MBSE Vision

How integrated MBSE enables communication... 5'FME'>'°5&R
l/\g'e/'/\“' r
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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

|
2N
ed b

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

........................................................................................................................................................................................................................................
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Failure to communicate architecture downstream... SIEMENS

Late discovery of integration problems $ wiby for life
Product Definition Product Implementation Syste Product Build
So0S :
Scope /4 A | |% |
Constrai(nts /
Interactions '
AN

MeCa™& [ com n
Design (i

Selectet
Product

DRl
Systeg
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Jequirements )
R ' |
< A

L

Requirements Requireme
Derived EE EE %
Requirements Design @i Manu-
0 Concept — | Mecha- | N| , N AS
O . / : factu- aint
% Design | tronic ring ined
@) Qerived Software Sof poneAts BOM 4 50M 4 BOM
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| | Requirement uy Parts
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Solution ; . 4t
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Late discovery costs money... SIEMENS

$ ui\‘y ‘foruft

S6S Product Definition Product Implementation Syste Product Build
I A ineéion I

Scope
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Solution | v
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..throws off program balance
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You plan for thj mmunication failure... SIEMENS

’Mg,&hui\‘yfor(ifz
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A failure to communicate costs money... SIEMENS

Ib\g«eb\uffy‘forhh

THE OF 'm 0 | Ve

* ~47 million automotive NEaae =STATE= %‘ P R
recalls in the US last year i RECALLS™ (@ & €

A Review of the Year in Automotive Recalls by Recall Masters

number of 2018 recalls: 31
i affected vehicles: 2,912,690

Airbags
systenms, sencors, side airbags

* NHTSA est. $100/recall per 2 numberof 2018 recals 74
vehicle; that’'s $4.7 billion in
direct costs fixing the
problem

Power Train 3 | - B T DN | PR Transmission
oSl heaks, engine stall, components = f Py | S A h rollaway, dlectronic shift leves, goar boees

number of 2018 recalls: 74 /8 A Ao ‘3__., [~ § ‘ } number of 2018 recalls: 17
affected vehicles: 4,691,435 7 £ | 1S i y e E 2 L e | - affected vehidles: 1,562,799

Steering/Suspension \p 3 > . N, R Miscellaneous
powey steering, stabiity, steering column \l > X ~ flooe mats, hitches, documentation, Labels

- . B - | — / -
number of 2018 recalls: 28 ‘ N Ty | 1 J number of 2018 recalls: 66

N many Of these are fallures to ! affected vehicles: 3,903,766 . s N7 e N : 2 ’/ affected vehicles: 720,623
comply with requirements & P Restraints = R Windows

b seathelts, seat adjustment, child seats | A sunvoofs, windshield, windshield wipex, seals

: : : el AT
regulatlons affcted vehiies:3 215,006 | % Y| : afcted veiles: 324,751

Tire & Wheel

tire inflation, wheel lodks, tire Labets

number of 2018 recalls: 11
affected vehicles: 15,104

Unrestricted © Siemens 2020
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Hidden costs from communication failures... SIEMENS

Solving the same problems over & over

Problem resurface metric: how long does a problem

once solved take to come back

- Auto: ~3 years
* High Tech ~6 m
* Aero ~15 years

0.

3=

&\ 13
N

\
z &

|
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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

Siemens Digital Industries Software



Disintegrated e - Integrated

Continuous
Communication
with models

Disconnected
Commnication
with documents

Communication Continuum

Disconnected variation  Integrated varig

HOW b ad |S yo ur System Modeling/Architectu
commun | C atl on PLE/Configuration (variation)

documents, rules rules intoa
spreadsheets
p ro b I e m 7 Technical Risk {RﬂMS, cost,...} None 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
MBSE Maturity
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
Inte/grated documents models behavior modeles allocation with traceability
L - Parameter Management Unmanaged Managed Parameter library Integrated with Reusable parameter library
Functions spreadsheets spreadsheets functions with traceability
Collaborative
(\ N FeaturefFunctinnaI Modeling Functional Function hierarchy Isolated functional Integrated functional Functional arch with allocations
ReqUIrementS description docs behavior models modeling & Traceahility
ieti None Uncontrolled Controlled targets Distributed Integrated targets, budgets,
ChanélelsynCh Characteristic/Target Mgmt Excel/Docs : targets/constraints withgcompliangce repor‘tss
l Change Management Document-based Isolated models  Impact analysis & Metrics with History  Project level reuse, starting
Interfaces change process included in change suspicion mgmt for improvement paint for next project
Architecture
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 Minimum to no Manually testing Y Isolated validation Integrated simulation Focused testing, reuse results,
planning everything simulations (HIL, SIL) swap out models
Design Management unmanaged Cax/SW Locally Mananged Enterprise repositories Integrated models Cross-domain
madels CAX/SW {MIL, 5IL,...) design/optimization

Page 19 CMMI Staged Levels: (1) Initial (2) Managed (3) Defined (4) Qualitative (5) Optimizing




Where are we?
Everyone has a

communication
problem

Page 20

Capability Assessment:) Basic
Disintegrated ....

System Modeling/Architecture PPT in docs

PLE/Configuration (variation) None

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

Low " Medium h High

|

Advanced
Integrated

ith Multiple model

Sys Maodels
] i exchange/optimize

1 Bifegmpa=t"
Disconnected varlgtion
rules

Standalone RAMS

Integrated B
; ith with FMECA Dash

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

into into architecture decisions

Integrated RAMS, continuous

risk assessment/alarms gvith
dashboards é)

boards
Interface Management ICDindo Manage Standard-bpgsed Reused interfaces  Functions/logical allocation
interfacgs Interface liprary drives interface definitions

Logical description

Logical Modeling

ical Gierarchy Isolated logical behavior Integrated logical

Logical architecture with

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

spreadsheets spreafisheets functions with traceability
Feature/Functional Modeling Functional Functiog hierarchy Isolgfted functional Integrated Functional arch with

description docs beh3wjor models functional allocations & Traceability
Characteristic/Target Mgmt None Uncontroll ntroll®e targets Distributed Integrated targets, budgets,

Change Management Document-based

change process

Avg Organization

Excel/Docs
IsolatedModels  Impact gnaly
included in change suspicign mgmt

Metrics with

targets/constraints with compliance reports

Best Auto -
(best case)

Project level reuse, starting

{best case)

—

Requirement Manageme —
spreadsheets &
Model Management

Minimum to no
planning

Verification & Validation

Design Management
maodels

Uncontrolled, rules- Uncontrolled,
of-thumb, hieristics behaivor models

unmanaged Cax/SW Locally Mananged Ente

Managed Docs

repository
" Isolated validation
igiulations

se repositories

Manually testin
everything

ulgtion (HIL,
Integrased models

M)

CAX/SW

RM raceabilﬁ\?;nr:ected, configured, cross-
ain traceability with reuse

Best Aero

(best case)

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

CMMI Staged Levels: (1) Initial

‘ {2_} Man_aged {ii} [?efin.edl

(4) Qualitative

(5) Optimizing



Capability Assessment: Basic Low " Medium b High " Advanced
Disintegrated . ... .............. ... ... iaaseaaan saasaaamaaaaas Integrated

. MBSE Process Maturity Level 4
PI— M Req Ul red to SO | ve System Modeling/Architecture PPTin docs

yO ur commun | Catl on PLE/Configuration (variation) None
problem...

Multiple model Integr
exchange/optimize

for cro
Integrated variation PLwvari
into ar

PLM

Integr
assess

Technical Risk (RAMS, cost,...) MNone

dashb

MBSE Process Maturity Level

« Different tools speak

Interface Management aged interfaces Standard-based Interface Reused interfaces Functions/logical allocation
dff I Word library drives interface definitions
Iferent languages | . : : : : : _
Logical Modeling n | hierarchy Isolated logical behavior  Integrated logical Logical architecture with
° TOOI SpeCIfIC IntegratIOHS documents models - behavior mo?ieles allocation with 'tracea-bility -
Parameter Management Unmanaged Parameter library Integrated with Reusable parameter library with
are not Scalable (NXN spreadsheets sprea sl'j‘"":' functions traceability
problem) MBSE Pjrocess Maturity Level 2 | )QI - N ——— : E— _
.. Feature/Functional Mode"ng Functiona Fun rarc Integrate Functional arch with allocations
° Dlgltal thread between descriptigfh docs (t')es:[_cgse)‘ functional modeling Traceability
dlfferent tOOIS Carrled by Characteristic[Target Mgmt MNone targets Distributed Integrated targets, budgets, with
. . Excel targets/constraints  compliance reports
PLM Wlth Integrated change Management Document-based mpact analysis & Metrics with History Project level reuse, starting point

change process inclufed in c¥gnge suspicion mgmt for improvement for next project

systems methodology
* Thru infrastructure defined MBSE Process Maturity Level 1 \ \>/_A\

by Product ArChIteCtU re Requirement Management Uncontrolled Managed Dig X/ traceability Connected, configured, cross-

spreadsheets & docs éxchange domain traceability with reuse

that |S part Of PLM Model Management Uncontrolled, rules- Integrated, Model reuse with controlled

of-thumb, hieristics component library  parameters

Verification & Validation Minimum to n 3 R, Tl alidation Integrated Focused testing, reuse results,
plannj i ) simulation (HIL, SIL) swap out models

nmanaged Cax/5W Integrated models  Cross-domain

(MIL, SIL,...) design/optimization

Design Management

e

. . -~
Unrestricted © Siemens 2020
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Discover early vs late...
Shift left...

SIEMENS
lngenuity for tife

Product Build

/N |

S6S Product Definition

Scope
Constrai(nts

Interactions
NN

Selectet
Product
Requirements

\ “‘\“ ecanical
Design virtu
St @ ¢ ( /|

Derived EE EE omponents
Requirements Design (virtual)

Manu- As

MEEUES factu- '

tronic ring >\/!a|n;
aine

BOM BOM BOM

/

' |
Sofpvare Comp(;n;vﬁs
esign (bingfy)

/

<

"Use Cases
— & Demands

—

Solution

(wished by eBOM | mBOM | ......

5 4,

Product ' Sub-System
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How to shift left?

Disconnected models don’t scale...

SIEMENS

Iug,ehuifyfor&}[t
S6S Product Definition X s\ Product Build
W \ s )
Scope A .05 © S o\
Constrai(nts \ D“\le \ed b\J 5\1‘ \ (\e ‘o ocess\ W
Interactions \'\da d\‘l"ac’\p (O 9‘
NN Va -\“\,O “pp\\e
Selected Derived ) N\a‘)s \N“’“ S a(d i
Product System ed (\d
nal s\d 4
Requirements Requirem 5 | ,\'
EE Components >
uirements Design (virtual) )
% Concept /| Mecha- | N I;/;?:Tll: ) A'S t
0 Design ] ﬂ Design [ [\ tronic _ >\/!aln
@© — rng , ained
@) = Derived Software Software | Components BOM BOM BOM
8 N —_E— Rquireme:ts__) Design (binar|y)
= IN=N A
t
\ equirer::ene;rss Purchase Buy Parig V>
Y -
Solution s '
(Cvnfpoen?ebf)/ Product Sub-System Coiponent ' eBOM mBOM & ......
Page 23

Siemens Digital Industries Software



Shrinking the communication V...
Continuous integration

Prcy/&\ﬁ)efinition

SIEMENS
lngenuity for tife

Product Build

A

So0S
Scope e .
Constrai(nts / \R p\\e ntegration \ {
Interactions \ >\ S“p GO“ vev 1 N
JaVA\ e Mgcanical | Components
Selected W Design (virtual)
Product ~oats/ ) I/
Requirements r,/ / | I\
)
f[ Derived;é / EE Components
Requiremgnts Design (virtual) M )
g2 | coneen — wesne L e
0 @ Design / — - N\ tronic .
8 E Derived Softwar Software Components BOM BOE/I
) 8 Reqyirement Design (binary)
% , 4
D g
(| M
\ Purchase Buy Parts V>
Solution |
sHed b : : : ;
Customen Product sub-System | Enabling a continuous agile | | egom mBOM
[ (XﬂnnH”ﬂCaﬂonFNOCeSS """"""""""""""""""""""""""""""""""""""""
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Summary... SIEMENS
You don’t have an engineering problem, you have a knowledge lngenuity for ife

communication/management problem

Today’s products are built by everyone/everywhere...
- Documents aren’t scalable
- Disconnected models provide knotholes
- SysML v1 language is missing methods to go with the language &
no ability to share IP with suppliers
Symptoms:
- Half your program schedule is spent on system integration (supplier
collaboration?)
«  Tedious communication via meetings (inter-team and intra-team)
* Uncommunicated change
* Innocent impact understanding

An integrated product architecture/blueprint with requirements is mandatory

: My ) o\ 4
- Delivered thru PLM '{ N\ R
» Allocated through suppliers for continuous feedback ...to start integrated, stay integrated ' /]
nrestricted © Siemens 2020 A\ e BN a7 BN
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How to start solving
your communication
problem...

Possible starting spots...
To solving your
communication problem

Unrestricted © Siemens 2020
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System Modeling/Architecture PPTin docs

PLE/Configuration (variation)

MNone

Technical Risk (RAMS, cost,...) Non

] ected s Models with
isi mulations
riation sconne
document rules
readshegpfs
sk ents\ | IS
spr 5 Management Plans with

aspects of RAMS

Multiple model
exchange/optimize
Integrated

variatio

Standalone RAMS
with FMECA Dash
boards

Integ
far cr
PLva
intoi

PLM

Integ
risk a
dash

/

\

Interface Management
Logical Modeling

Parameter Manageme

Logical descrif
documents
Unmanaged
spreadsheets

——

77

Stendard-based

Reused interfaces

Integrated logical
behavior modeles
Integrated with
functions

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

Feature/Functional Modeling

Characteristic/Target Mgmt

Change Management

description 4D
None

erarchy Isolated functional
behawor models
olled targets

Integrated
functional
Distributed

targets/constraints

Metrics with
History for
improvement

Functional arch with
allocations & Traceability
Integrated targets, budgets,
with compliance reports
Project level reuse, starting
point for next project

Requirement Management

Model Management
Verification & Validation

Design Management

Uncontrolled
spreadsheets &

Uncontrolled, rulgg

of-thumb, hieristi

Minimum to no

maodels

anaged Cax/SW Locally Maas
_(;AJE:"SW

RM/traceability
exchange
Integrated,
component library
Integrated
simulation (HIL,
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

CMMI Stage

vels:

pd
(1) Initiat—  (2) Managéd

(3) Dé{med \(ﬂ-){lu\lltatwe

(5) Optimizing




...enabling continuous communication

—
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SIEMENS
lngenuity for tife

Thank you



