o L AR,

f /e
{

il

I . “ %
/! ‘/[ - \‘
‘e .

&
RS
S

-

Start Integrated
- Stay Integrated

Continuous Integration: Moving from Spec->Design—->Integrate to Integrate—> Build
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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
<
18-
O 16-
8 16
7
T 14 B737: 470K
@ _B747: 370K =
2 B767: 190K~ - A310: 400K F-22: 1.7M
S 12 tRhSUpS F16D: 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
A3Q0FF: 40K
A300B: 4..6K
8 300 6
l@ 0.8K
6 I I
1960 1970 1980

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

“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”

Unrestricted | © Siemens 2022 | Siemens Digital Industries Software | Where today meets tomorrow.
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Requirement disconnects are costly...

Airbags E STATE @ ) L Tire & Wheel
systems, sesors, Sde arbags SR ticinflaton, wheellodks, e abels

 ~21 million automotive i numberof 2021 recall: 31 : RECALLS 20 | i - number of 2021 recals: 17

CT e N

recalls in the US last year . Ao
y Software/Electronics AReview of the Year in Autoe ecalls Y, IMastr y/ Restraints
2) lights, compustes, wiring steseos/alarms % - - 4 e - seatbelts, seat adgustment, chid seats
Sy number of 2021 recalls: 84 o --: ) = -/ number of 2021 recalls: 28
affected vehicles: 5,538,685 s AR ] - ‘ ! affected vehicles: 393,474

* Per AlixPartners*, each recall = (A SESA S [ SERN :
COStS ~$500/VehIC|e’ that S $105 :)) number of 2021 recalls: 7 - | "‘-. ‘ o .,\ . 55 number of 2021 recalls: 19
affected vehicles: 1,875,689 _ . :‘::_-.: - ¢ & ‘:\ ; > ; “’T affected vehicles: 187,064

billion in direct costs fixing the

) Power Train \ & ol N — P Windows ;
problems in 2021 P oecomniomns . = vt vt s
afected venies 266,859 ' \—_ - . “ . = | pbes of 2021 el 7
. Steering/Suspgnﬂg::\ La = = N~ .- N\ Brakes
« Auto Manufacturers carrying e L | () Nt
~$113B in warranty reserves** —— I ——
- B W smission
(2.5% of revenue) on their books el

number of 2021 recalls: 5
affected vehicles: 62,445

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

Aircraft System Item ltem Desian Item
Requirements Requirements Requirements 9 Verification
ARP4754A !
Requirements? 7
O
Design >
Decisions? <

Architecture?

Targets?

Test cases?

Compliance

2
documents? V&V plans?

Aircraft
Verification

System
Verification

2 of truth?
~sons learned, reuse,...

Traceablility/Change impact?



INCOSE Integrated MBSE Vision
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SE Process...
Shift left. ..

S6S Product Definition Product Implementation Product Build
Sco A A
c I

onstrai‘ﬂs

Interactions
AVA

cusomen . Product - Sub-System Component . eBOM | mBOM | ...

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________
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MBSE Process...
How it works today...

S6S Product Definition Product Implementation Product Build
Scope A A
Constrai(nts | \ { /_zg S\ e‘ O“ G
Interactions | “

r - N
JAVA\ Derlve_d Compoﬂe ts 0“
Selected Derived mechanical ( a“
Product System uirements ) ‘egK
Requirements Requwemen 4 | </
s ™ | [\
Derived EE Cokiponents
Requirements \ tual) Manu- As
Mechg- N )
$ AT — \‘-‘ r N factu- aint
% Design . N L ring , ained
O Derived Software Wponents BOM BOM BOM
O Requirements ipary) A
n
> N
\ By Parts Buy Parts
Kgments y
Solution
ished b i i i

gﬁ';oemerg . Product ; Sub-System eBOM . mBOM | ......

___________________________________________________________________________________________________________________________________________________________________________________________________________
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MBSE->MBDC Process...
How it can work with an integrated product architecture

S6S Product Definition us Product Implementation Product Build
Scope A A A
Constrai(nts ﬁoﬂ \ (

Interacti
n era(;\u/)\ns | [\

7\

. ‘ _ Mechanical | Components
Selected Derxﬂ - Design (virtual)
Product Syst = — |l |
Requirements Requirements |
Derive tric Components
Requir esig (virtual) Manu- As

S

%) Concept System J+—1 || Mecha- | N\| LD )

& Design l Resign d 4 /4 /II [\ tronic factu >\/_Ia|nt

3 ‘ i 7 BOM l/ ”ng l/ a.|ned

S Derived Software glpvare / omponents BOM B

o Requirswer® esi)/ (binary)

5 /’ "ér— Z Y . 1/ OU‘M
g Derived BYNRal

Solution
(wished by

—=> e ram sched! ge
Customer) ComponeP"O-g |

..............................................................................................................................................................................................................................
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This will require change...

Product Definition

Product Build

\

Product Implementation s
sos i ~¢O\C
Scope — -
| -
Conslralhls .
Interactions N
Compoffe ts\
Selected ( A0 3
Product —
Requirements e T

Derived EE
Requirements

Q:‘ ponents

[N

Conce IYE >
- -
Design >

A

" Use Cases

‘\\
De;jh By Parts
Reg

s
Solution
(wished by ! ‘\: 0 L/
Customer) | Product | Sub-System | eBOM

. mBOM |

Product Implementation

Product Build

cope k- 1 JI\
C (Slonzlraihts ( \ (
Interactions
/7*9/;9 &/ o8BS mecvanfs g”
How do we get from where we e il L oy —
erive r'c ompone;
are to where we need to be? . concept A\ / foystem —p? /e INL
&' Design esign fonic %fﬁi- 21:::;
- dJ D;rivetils are _are o(r:;;oal::?ts BOM BOM s
§ g S_ -~ equi e% . 1 /2 OU?M
\ ] ] ( Derived e \ at‘n du e
| ; / = Purc o = “BU ar‘l.s s c | ‘B
Solution : : — : ;
e | Product Sub-System Componeg - eBOM . mBOM = ...

Customer) i
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Where are we?

MBSE Maturity

Solution (1) Initial (2) Managed (3) Defined (4) Qualitative (5) Optimizing
Product engineering Uncontrolled Controlled Documents lsolated models Enterprise Integration Continous Engineering
System Architecture Modeling Y PFTindocs Dis:unne:ted‘.l‘isil::-diagrams‘E-tanl:lalnne SysMLwith h Fine-grained integrated b Continuous integration via

Product architecture definition

Planned Product Variability
PLE/Configuration/Variation

Reliability & System Safety Analysis
Technical Rizk [RAMS)

|
MNone

Y Risk documents &
spreadsheets

Variation documents &
spreadshests

Combined Risk Mgmt plans
with manual RAMS artifacts
[FMEA)

simulations

. N k|
Dizconnected variation rules

7 Disconnected RAMS tools
output artifacts [FMECA ..}

b |

system architecture

FLM Integrated variation
rules

RAMS analysis tools
integrated with product
architecture via FLM

PLM-bazed architecture
drives closed-loop MBDC

Y PLM variation definition drive
architecture decisions

b Integrated RAMS, continous
risk azseszment, alarms,
dashboards..

Cross domain services

System Definition & Design Integration
Logical modeling & interface mgmt

ICD & logical description
documents

Manzaged interfaces & logical VSE artifacts linked to Logical b Integrated fine-grained Ingi:aT' Logical architecture carries

hierarchy

models & 5td interface
libraries

archwith interfaces

across domains. Interfaces
everywhere

Integrated services

Feature Engineering
Feature/Functional Modeling

Parameter,/Target Mgmt
Characteristic/Targets/TPM

Change management

" Feature/Functional
description docs

Y Uncontrolled Exce I/Docs

"
Document-based change
Process

Functional hierarchy

Controlled
spreadsheets/Docs

|zolated models included in
change

|solated functional behavior |

models

Project-bazed
Parameter/Target libraries

Change impact analysis &
suspicion mgmt

b

Integrated fine-grained
functional modeling

Enterprize PLM

parameter/target mgmt &
reuse

with models, parameters,
history, ...

" Functional arch with
allocations & traceability
b Integrated parameters,

targets,... drive continuous
compliance monitoring

Y Com plete PLM configuration h Crozs-project level reuse,

starting point for next project

Content Management

Requirements Analysis
Reguirements engineering & mgmt

b Uncontrolled spreadsheets &
docs

Managed requirements docs

Dizconnected RM tools with
exchange

Integrated requirements &
traceability inside PLM

k| - - .
Continouous compliance thru

connected, configsured, cross-

domain traceability & reuse

Behavior Model Management
System, performance, et al simulation

Uncontrolled models on
desktops

Version controlled models

SEartifacts linked into models

Integrated model & product
confizuration with simulation

. "
Continuous, focused

simulation & multi-domain
optimization, dash boards

Verification Management & Governance
Product Test/VEV

Document-based test
procedures

Managed test cases

SEartifacts linked to test

Devops-like Y&V HIL/SIL
simulation

N " o
Continuous, focused testing,
reuse results, model swap out

Physcial Design Management
CAD, CAE,.. control/mgmt

Unmanzsged CAx models

PDM controlled Césx

SEartifacts linked into CAD

Cross-domain fine-grained
FLM integration

Continuous physical design
verification (Digital Twin)




Where are we?

Avg MBSE Maturity

|Snlutinn (1) Initial (2) Managed (3) Defined {4) Qualitative {5) Optimizing
Product engineering Uncontrolled Controlled Documents Isolated models Enterprise Integration Continous Engineering
System Architecture Modeling “PPT in docs Disconnected Visio Y Standalone SysML with 'Fine-grained integrated " Continuous integration via

Product architecture definition

Planned Product Variability
PLE/Configuration/Variation

Reliability & System Safety Analysi
Technical Risk (RAMS)

b |
MNone

5 Y Risk documents &
spreadsheets

diagrams

grated Risk Mgmt
plans with aspects of
RAMS [FMEA)

simulations

Disconnected variation
rules

output artifacts (FMECA )

system architecture

rules

Y Disconnected RAMS tools  RAMS analysis tools

integrated with product
architecture via PLM

PLM-based architecture
drives closed-loop MBDC

YPLM Integrated variation ¥ PLM variation definition

drive architecture
decisions
YIntegrated RAMS,
continous risk assessment,
alarms, dashboards..

b

Cross domain services

/

Logical modeling & Interface mgmt

System Definition & Design Integration

Y ICD & logical descripfion
documents

Managed interfaces &

logical hierarchy

SE artifacts linked to
Logical models & Std
interface libraries

|

Integrated fine-grained

h Logical architecture carries

logical arch with interfaces across domains.

Interfaces everywhere

Integrated services

N

Feature Engineering
Feature/Functional Modeiing

Parameter/Target Mgmt
Characteristic/ Targets,/ TPM

Change management

" Feature/Functional
description docs

Y Uncontrelled Exce |/Docs

¥ Document-based change

Avg Organization

Content Management

Functhepal hierarchy

Controlled
spreadshedgs/Docs
Isolated models included
inchange

Isolated functional
behavior models

Project-based
Parameter/Target libraries

Impact analysis &
suspicicn mgmi

|

h|

b

Integrated fine-grained
functional modeling
Enterprise PLM
parameter/tareet mgmt &
reuse

Complete PLM

configuration with models,

parameters, history,...

Y Functional arch with
allocations & traceability

3 Integrated parameters,
targets,... drive continuous
compliance monitoring

* Cross-project level reuse, |
starting point for next
project

(best case)

Requirements Analysis

~

Uncontrolled

Managed requiremenis

onnected RM tools

Integrated requirements &

Continouous compliance

Product Test/V&V

procedures

simulaticn

Reguirements engineering & mgmt & docs docs with eksgange traceability inside PLM thru connected, configured,
] cross-domain traceability
Behavior Model Management Uncontrolled models on |Version co models |5E artifacts linked into Integrated model & Continuous, focused
system, performance, et al simulation |desktops maodels product configuration with |simulation & multi-domain
simulation optimization, dashboards
Verification Management & Governance |Document-based test ManageWest cases SE artifacts linked to test | Devops-like V&V HIL/SIL Continuous, focused

testing, reuse results,
madel swap out

Physcial Design Management
CAD, CAE,.. control/mgmt

Unmanaged CAx models

PDM mntrnner!\mx

SE artifacts linked into CAD

Cross-domain fine-grained
PLM integration

Continuous physical
design verification [Digital
Twin)




Where are we?

Everyone in the
same boat

Solution (1) Initial (2) Managed (3) Defined (4) Qualitative (5) Optimizing
Product engineering Uncontrolled Controlled Documents lsolated models Enterprise Integration Continous Engineering
System Architecture Modeling Y PFTindocs Dis:unne:ted‘.l‘isil::-diagrams‘E-tanl:lalnne SysMLwith h Fine-grained integrated b Continuous integration via

Product architecture definition

Planned Product Variability
PLE/Configuration/Variation

Reliability & System Safety Analysis
Technical Rizk [RAMS)

|
MNone

Y Risk documents &
spreadsheets

Variggion documents &
sppéadshests

ined Rizsk Mgmt plans
with inanual RAMS artifacts

b |

system architecture

RAMS analysis tools

FIMECA .y integrated with product
é architecture via FLM

PLM-bazed architecture
drives closed-loop MBDC

Y PLM variation definition drive
architecture decisions

b Integrated RAMS, continous
risk azseszment, alarms,
dashboards..

Cross domain services

)

System Definition & Design Integration
Logical modeling & interface mgmt

b Integrated fine-grained Ingi:aT' Logical architecture carries

archwith interfaces

across domains. Interfaces
everywhere

Integrated services

ICD & logical description
documents

i
\

Manzaged interface ogicgl” SEartifacts linked to Logical
hierarchy models & 5td interface
libraries

Feature Engineering
Feature/Functional Modeling

Parameter,/Target Mgmt
Characteristic/Targets/TPM

Change management

Content Management

" Feature/Functional
description docs

Y Uncontrolled Exce I/Docs

"
Document-based change
roCess

Functional hierarchy

p0oCs Pafarketer/Target libraries

Change\mpact analysis &

b

|ated functional behavior | Integrated fine-grained

functional modeling

Enterprize PLM
parameter/target mgmt &
reuse

" Functional arch with
allocations & traceability
b Integrated parameters,

targets,... drive continuous
compliance monitoring

Y Com plete PLM configuration h Crozs-project level reuse,

with models, parameters,
history, ...

(best

Requirements Analysis
Reguirements engineering & mgmt

b Uncontrolled spreadsheets &
docs

Managed requirements dh:sismnnetted RM tools wi

7

ange

tegrated requirements &
ceability inside PLM

starting point for next project

Best Auto

case)

gntinoucus compliance thru
connected, configsured, cross-
domain traceability & reuse

Behavior Model Management
System, performance, et al simulation

Uncontrolled models on
desktops

‘Wersion contro models SEartifacts linked into pdd

5

Integrated mo roduct
confizuration with simdtstign |simulation & multi-domain

Verification Management & Governance
Product Test/VEV

Document-based test
procedures

Manzaged test cabes SEartifacts linked tofegt

Devops-like VE
simulation

Best Aero
(best case)

b

Continuous, focused

, dash boards

focused testing,
s, model swap out

Physcial Design Management
CAD, CAE,.. control/mgmt

Unmanzsged CAx models

PDM mntm/ed CAx

SE artifacts linked inm\‘(q\

Cross-domain fine-grained
FLM integration

Continuous physical design
verification (Digital Twin)




Is SE education
helping our design
sanity problem?

Solution (1) Initial (2) Managed (3) Defined {4) Qualitative {5) Optimizing
Product engineering Uncontrolled Controlled Documents Isolated models Enterprise Integration Continous Engineering
System Architecture Modeling “PPT in docs Disconnected Visio Y Standalone SysML with 'Fine-grained integrated " Continuous integration via

Product architecture definition

Planned Product Variability b

PLE/Configuration/Variation

Reliability & System Safety Analysis
Technical Risk (RAMS)

b

MNone

Risk documents &
spreadsheets

diagrams

grated Risk Mgmt
plans with aspects of
RAMS [FMEA)

mulations

Disconnected variation
rules

" Disconnected RAMS tools
output artifacts (FMECA )

system architecture

YPLM Integrated variation
rules

YRAMS analysis tools
integrated with product
architecture via PLM

PLM-based architecture
drives closed-loop MBDC

Y PLM variation definition
drive architecture
decisions

YIntegrated RAMS,
continous risk assessment,
alarms, dashboards..

b

Cross domain services

[/

System Definition & Design Integration
Logical modeling & Interface mgmt

|

ICD & logical descr
documents

on

Managed interfaces &
logical hierarchy

Y SE artifacts linked to
Logical models & Std
interface libraries

N Integrated fine-grained

logical arch with interfaces across domains.

h Logical architecture carries

Interfaces everywhere

Integrated services

N

Feature Engineering
Feature/Functional Modeiing

Parameter/Target Mgmt
Characteristic/ Targets,/ TPM

Change management

|

b

|

Feature/Functional
description docs

Uncontrolled Excel/Doc

Documesbased change

Avqg Orga atio

Content Management OE

Reguirements Analysis AVQ =
Reguirements engineerin

Behavior Model Manage
system, performance, et al simulation

Functhepal hierarchy

Controlled
spreadshedgs/Docs
Isolated models included
inchange

Isolated functional
behavior models

Project-based
Parameter/Target libraries

Impact analysis &
suspicicn mgmi

b | " .
Integrated fine-grained
functional modeling

3 Enterprise PLM

parameter/tareet mgmt &
reuse

¥ Complete PLM

configuration with models,

parameters, history,...

Y Functional arch with
allocations & traceability

3 Integrated parameters,
targets,... drive continuous
compliance monitoring

* Cross-project level reuse, |
starting point for next
project

~

WWHEEEEI requir
docs

onnected RM tools
ange

Integrated requirements &
traceability inside PLM

Continouous compliance
thru connected, configured,
cross-domain traceability

models an
desktops

SE artifacts linked into
models

Integrated model &
product configuration with
zimulation

Continuous, focused
simulation & multi-domain
optimization, dashboards

Verification Management & Governance
Product Test/V&V

Document-based test
procedures

SE artifacts linked to test

Devops-like V&V HIL/SIL
simulaticn

Continuous, focused
testing, reuse results,
madel swap out

Physcial Design Management
CAD, CAE,.. control/mgmt

Unmanaged CAx models

PDI"yDntrn | |er!\[;a.x

SE artifacts linked into CAD

Cross-domain fine-grained
PLM integration

Continuous physical
design verification [Digital
Twin)




Barriers to
implementation...

Silos locked-in by
tools creating
automated chaos

2" problem...

(4) Qualitative

(5) Optimizing

Enterprise Integration

Continous Engineering

Solution (1) Initial (2) Managed (3] Defined
Product engineering Uncontrolled Controlled Docu SysML wu
System Architecture Modeling Y PFTindocs with

Product architecture definition

Planned Product Variability
PLE/Configuration/Variation

Reliability & System Safety Analysis
Technical Rizk [RAMS)

|
MNone

7V Risk documents &

Com I::-ipe/l:l Rizk Mgmtplza

spreadsheets wiyﬁnanual Rﬁ.fﬂ&;r&i‘faﬁ:ts
-

h Fine-grained integrated
system architecture

ion rules ¥ PLM Integrated variation

rules

RAMS analysis tools
integrated with product
architecture via FLM

" Continuous integration via
PLM-bazed architecture
drives closed-loop MBDC

¥ PLM variation definition drive |
architecture decisions

b Integrated RAMS, continous A

risk azseszment, alarms,

dazhboards..

Cross domain services

/1

System Definition & Design Integration
Logical modeling & interface mgmt

¢ mofels & Std inkerface
!/ libgaries 1,
Y

interfaces & Ingi:af SEartifacts linked to Logical b Integrated fine-grained Ingi:aT' Logical architecture carries

archwith interfaces

across domains. Interfaces
everywhere

Integrated services

1

Feature Engineering
Feature/Functional Modeling

Parameter,/Target Mgmt
Characteristic/Targets/TPM

Change management

b Feature/Functional \ Fu

Y Uncontrolled Excel/Docs \

Y Document-based change

\

description docs bdels 1

I
Froject-bazedl

Change impagt analysis &

process \%u spicion mght

1 atedfunl:tili';-nal behavior | Integrated fine-grained

functional modeling
b Enterprize PLM

IParamete r_.'Talq'get libraries parameter/tarzet memt &

reuse

Y Com plete PLM configuration
with models, parameters,
history, ...

" Functional arch with
allocations & traceability

b Integrated parameters,
targets,... drive continuous
compliance monitoring

h Crozs-project level reuse,
starting point for next project

Content Management

Requirements Analysis
Reguirements engineering & mgmt

b Uncontrolled spreadsheets &

docs

Behavior Model Management
System, performance, et al simulation

Integrated requirements &
traceability inside PLM

k| - .
Continouous compliance thru

connected, configsured, cross-

domain traceability & reuse

Uncontrolled models on
desktops

Integrated model & product
confizuration with simulation

Continuous, focused
simulation & multi-domain
optimization, dash boards

Verification Management & Governance
Product Test/VEV

Document-based test
procedures

Physcial Design Management
CAD, CAE,.. control/mgmt

Devops-like Y&V HIL/SIL
simulation

Continuous, focused testing,
reuse results, model swap out

PDM controlled Césx

SEartifacts linked into CAD

Unmanzsged CAx models

Cross-domain fine-grained
FLM integration

Continuous physical design
verification (Digital Twin)




Doing the math...

Nodes =5
Potential Links =10
Networks=21° 1024

435
Nodes = 30, potential links = 435, unique configurations = 2

Number of atoms in the universe est. between 2198 and 2246

SIEMENS



Barriers to
Implementation

Problem is
iInformation
exchange

not data exchange

PLM is about
iInformation:;
managing the digital
thread

Solution (1) Initial (2) Managed (3] Defined (4) Qualitative (5) Optimizing
Product engineering Uncontrolled Controlled SysML wh Enterprise Integration Continous Enginessing
System Architecture Modeling Y PFTindocs Disconnected Visio diagr with h Fine-grained integrated " Continuous integration via
Product architecture definition s ¢ Eim L‘Iatiuns system architecture PLM-bazed architecture
P / \ drives closed-loop MBOC
Planned Product Variability Y None Variation docu m;rﬁ & // (i iation rules ¥ FLM Integrated variation ¥ PLM variation definiti
PLE/Configuration/Variation spreadshests # / @ rules architecture decig
S ‘
P /
Y flans O J Y
Reliability & System Safety Analysis Risk documents & Combipe8 Risk Mgmg plans v RAME analyzis tools Integrat
Technical Rizk [RAMS) spreadsheets wiyvfnan ual FLAMI:B’EI rtifai:r_r./ /  outpi¥aromec=IECA integrated with product risk
—_FMEA) , / .' [l architecture via PLM

. . 4 ]
Cross domain services m d S I !
System Definition & Design Integration b M

Logical modeling & Interface mgmt

ICD & |erfazés % logical ' 5E = :tifacr_r. linked to Logical  Integrated fine-grai
documents v rarch;/ , 7 muﬁels & 5td ifkerface archwith interf;

P libgaries :
Integrated services ( ‘Excel ) H i
Feature Engineering b Feature/Functional W |dlated fum:ti#nal behavior |
Feature/Functienal Modeling description docs \ \ dodels i
Parameter,/Target Mgmt Y Uncontrolled Excel/Docs Duntr!(le-d \\ ;'ruj ect-basedl
Characteristic/Targets/TPM spreadghests/Dogs Farameter/Tdget
\ i i
Chanze ma ment Y Document-based change |zolat D
e e process change v Exce“ \
| |
Content Management “ ]
Requirements Analysis b Uncontrolled spreadsheets & |Managed reglirem
Reguirements engineering & mgmt docs \ \ I
RM Tools
Behavior Model Management Uncontrolled models on Versiol
System, performance, et al simulation desktops
Verification Management & Governance |Document-baszed test
Product Test/VEV procedures Test DB
Physcial Design Management Unmanag

CAD, CAE,.. control/mgmt




Where do we start?

Target rich

environment

Solution (1) Initial (2) Managed (3) Defined (4) Qualitative (5) Optimizing
Product engineering Uncontrolled Enterprise Integration Continous Engineering
System Architecture Modeling Y PFTindocs FiMg-grained integrated " Continuous integration via

Product architecture definition

Planned Product Variability
PLE/Configuration/Variation

Reliability & System Safety Analysis
Technical Rizk [RAMS)

|
MNone

7V Risk documents &

spreadsheets

system architecture

Y RAMS analysis tools

integrated with product
architecture via FLM

PLM-bazed architecture
drives closed-loop MBDC

Y PLM variation definition drive
architecture decisions

b Integrated RAMS, continous
risk azseszment, alarms,
dashboards..

Cross domain services

System Definition & Design Integration
Logical modeling & interface mgmt

ICD & logical description

documents

Mana=ed interface oEiC
hierarchy

5Eart|fa:t5llnked to Logical
models & 5td interface
libraries

b Integrated fine-grained logic

archwith interfaces

al Logical architecture carries
across domains. Interfaces
everywhere

Integrated services

Feature Engineering
Feature/Functional Modeling

Parameter,/Target Mgmt
Characteristic/Targets/TPM

Change management

Content Management

" Feature/Functional

description docs

Y Uncontrolled Exce I/Docs

Y Document-based change

roCEES

Functional hierar

Contri
spreadshee &

Izola models included in
C

furgtional behavior

zed
Pa eter/Target libraries

anse\mpact analysis &
SUSpis] Emt

—~

b Integrated fine-grained

functional modeling

VEnte rprise PLM

parameter/target mgmt &
reuse

Y Com plete PLM configuration

with models, parameters,
hi

R A

Requirements Analysis
Reguirements engineering & mgmt

b Uncontrolled spreadsheets &

docs

lManzaged requirements

isconnected RM tools wi
anee

tegpaTed requiiRCS

ceability inside PLM

" Functional arch with
allocations & traceability

b Integrated parameters,
targets,... drive continuous
compliance monitoring

h Crozs-project level reuse,
starting point for next project

C ompliance thru
connected, configsured, cross-
domain traceability & reuse

Behavior Model Management
System, performance, et al simulation

Uncontrolled models on
desktops

‘Wersion contro models

ifacts linked intg

Integrated mo roduct
confizuration with simOtegd

Verification Management & Governance

Product Test/VEV

Document-based test
procedures

Manzged test 3

rtifacts linked tofedt

, Best Aer
Devops-like VE

simulation

(best case)

. "
Continuous, focused

n [simulation & multi-domain

, dash boards

0 .
focused testing,

s, model swap out

Physcial Design Management
CAD, CAE,.. control/mgmt

Unmanzsged CAx models

controfed CAx

¥E artifacts linked inth\

Cross-domain fine-grained
FLM integration

Continuous physical design
verification (Digital Twin)




Integrated Systems Engineering
Stair-steps to the right

Level 4: Integrated
Level 3: Teamcenter MESE
Level 2: requirements & managed architecture Digital Twin...
architecture = Cross-domain digital
Global Reuse... .
_ ) h threads
HEUEL L e eI Arch. Driven... Arch. & Req. reuse = Continuous Integration
managed objects Chunk-of-project reuse Supplier engagement = Integrated domain tools

i Int ted
Global change impact niegratea program = Focused scaled V&V

Req. Driven... understanding now execution with
Continuous cross- continuous V&V
« Controlled domain communication PLM services (config,,
requirements Integrated requirements change, variation...)
* Requirement driven

Agile development

Moving from disconnected to Integrated product development

Level of collaboration & Integration
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¥

@t‘ .
‘ZIt Is not necessary to
Change, survival Is not
mandatory”

W. Edwards Deming,

Lata Saciennst



Mark Sampson

Systems Engineering Evangelist
INCOSE MBSE Initiative Chair
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