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SE your MBSE implementation




INCOSE Integrated MBSE Vision
What does information integration (Digital Thread) vs data integration look like...
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Growing complexity in automotive...

e ~29 million automotive
recalls in the US last year

» Per AlixPartners*, each recall
costs ~$500/vehicle, that's $145
billion in direct costs fixing the
problems in 2020

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

...mostly due to cross
organization/interdisciplinary
communication issues

A Review of the Year in Automotive Recalls by Recall Masters

Airbags

syshenns, sernions, sde airbags

number of 2020 recalls: 32
affected vehicles: 6,984 683

Power Train
ol el fes, engine sl components

number of 2020 recalls: 40
affected vehicles: 4,995,494

Latches
doorhood vearhotch Mg

number of 2020 recalis: 16
¥ affected vehicles: 4,406,808

affected vehides: 1,579,603

Tire &Wheel

tire mflation, wheel locks, tre bibels
number of 2020 recalls: 8
aMected vehicles: 23,626

TUE ~r ' & i !’: >
Software/Electronics THE OF . Transmission Nasters
Tt compuer, wirng, e, sarrs rolawizy, eerons st levers, gear boesy
number of 2020 recalls: 77 ] RE‘ ALLS A number of 2020 recalls: 18

affected vehicles: 7,541,325 .\ ‘ affected vehides: 1,141,438

4 7 - —3 | , 4
Miscellaneous g : 4 S i 1l
floor maty, haches, Ersternon, bibeks N —— o — A . . ‘ : ( anvooh, windhiekd, windrharid wper, seals
. .
number of 2020 recalls: 35 ‘_’J_‘_i“f 3 . ., J ‘) number of 2020 recalls: 4
- . % S ] )

- -

Steering/Suspension

Power Qrevinng, STatETy, oering colume

nurnber of 2020 recalls: 22
affected vehides: 981,035

Restraints
seabelts, sek adanaviere, i seds

number of 2020 recalls: 15
affected wehides: 850,415

Brakes

parddng ey, brake beak, Gilipeny, rotons

number of 2020 recalls: 11
affected vehicles: 434,719

affected vehicles: 288,943

* http://lite.cnn.com/en/article/h a9a78e0bc97dc033569b8b2fefe63d47

**https://www.warrantyweek.com/archive/ww20200910.html
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Unprecedented Product Complexity: becoming unaffordable...
Norm was right (Augustine’s Law #16)*

SLOC doubles about every 4 years—\ Suggested
20 | affordabiiity
’ ’ Estimated Onboard SLC g
184
S-A-V-1 61M
* 20 g 16 — F-35 2012 (24M)
Slope = 0.17718 @ - = AT 35,2006 [6.6M)
18 — Intercept = -336.5 B 1415747 370K o\ A3%0: 800K _
Curve implies SLOC doubles 8 B767: i A310: 400K “F-22: 1.7M
about every 4 years § 124--Bl37 F-16D: 236K
16 ‘S’ F-16A: 135
5 8777:4 ~ 1o. A300FF: 40K
9
2 14 B737: 470K 8- A3008B: 46K
1) B747: 370K A310: 4
5 12 - B757, B767: 190 3 INS: 0.8K |
-Q L L L) L L
8 A300FE: 40K 1960 1970 1980 1990 2000 2010 2020
T 10 T _ _
- [ “‘Development effort, which increases exponentially with
- — 8 ./ AJ008: 408 SLOC, is increasing at an alarming rate. For example,
Integrate, then b;\'/';’l** : INS: 0.8K the F35 has approximately 175 times the number of
1960 1970 1980 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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The result of a siloed product development process...

Mel Conway was right *

ARP4754A

Aircraft System Item ltem Desian Item
Requirements Requirements Requirements g Verification
Requirements? 7
O
Design X
Decisions? <

Architecture?

Targets?

Test cases?

Compliance
documents?

V&V plans?

Aircraft
Verification

System
Verification

2 of truth?
~s0ns learned, reuse,...

Traceability/Change impact?



Insane Design Behavior

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 mo.
Aero ~15 years

=

Cross-Domain problems result from:

Siloed/Disconnected Decisions Integrated
Form follows function, Problems followNuftnctions

Everyone involved, including purchasirg collaborative

Disconnected requirements Requirements
Uncommunicated change <Chanae/8ynch

Happen at domain/organizational bouﬁm

Migrate with people (overt or covert)

Missing/disconnected product architec@é\rchitecture

“Water on the knee”




Y Advanced

“High

| Capability Assessment:  Basic Low “Medium

Continuous
Communication
with models

Disconnected
Communication
with documents

How insane are we? Integration Continuum

System Modeling/Architet

| models Simulations exchange/opti
. PLE/Configuration (variation) Variation Disconnected variation Integrated variation  PLvariatio on builtinto
M BS E M atu rlty documents, rules rules into architecture decisions
| spreadsheets
Technical Risk (RAMS, 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
Interface Management ICD in docs Managed Standard-based Reused interfaces Functions/logical allocation
| interfaces Interface library drives interface definitions
|ntegrated Logical Modeling Logical description Logical hierarchy Isolated logical behavior Integrated logical Logical architecture with
i | documents models behavior modeles allocation with traceability
Functions Parameter Management Unmanaged Managed Parameter library Integrated with Reusable parameter library
spreadsheets spreadsheets functions with traceability
Collaborative
Reqﬁirements Feature/Functional Modeling Functional Function hierarchy Isolated functional Integrated functional Functional arch with allocations
| description docs behavior models modeling & Traceability
Chanae/SynCh Characteristic/Target Mgmt None Uncontrolled Controlled targets Distributed Integrated targets, budgets,
| | Excel/Docs targets/constraints with compliance reports
Interfaces 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

Architecture

Requirement Management

‘Model Management

ﬂVerification & Validation

Design Management

Uncontrolled
spreadsheets &
docs

Uncontrolled, rules-
of-thumb, hieristics
Document-based
test procedures

unmanaged Cax/SW
models

Managed Docs

Uncontrolled,
behaivor models
Manageed test
cases

Locally Mananged Enterprise repositories

CAX/SW

Standalone solutions

(disconnected)

RM/traceability
exchange

Shared model repository Integrated,

Y standard test libraries

component library

Validation 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

CMMI Staged Levels:

(1) Initial

(2) Managed

(3) Defined

(4) Qualitative

(5) Optimizing




Capability Assessment: Basic Low Y Medium ‘ll-ligh “Advaneed

Disintegrated e e Integrated

How insane are we?

System Modeling/Architecture PPT in docs Disconnegcted Sys Models with Multiple model Integrated architecture models
| Visio mo Simulations exchange/optimize  for cross-domain sim/optimize
Avg M BS E M atu rity PLE/Configuration (variation) None Variation Disconnected variation Integrated variation  PLvariation definition built into
documents, rules rules into architecture decisions
spreadshee
Technical Risk (RAMS, cost,...) None Risk documgnts, Integrated Risk Standalone RAMS with Integrated RAMS, continuous
spreadshee Management Plans with FMECA Dash boards risk assessment/alarms with
aspects of RAMS (FMEA) dashboards
Interface Management ICDind Managed Standard-based Reused interfaces Functions/logical allocation
| interfaces Interface library drives interface definitions
Logical Modeling Logical descrip Logical hierarchy Isolated logical behavior Integrated logical Logical architecture with
| documents models behavior modeles allocation with traceability
Parameter Management Unmanaged Mangged Parameter library Integrated with Reusable parameter library
spreadsheets spredfsheets functions with traceability
Feature/FunctionaI Modeling Functional Functiqn hierarchy Isolated functional Integrated functional Functional arch with allocations
| description docs behavior models modeling & Traceability
Characteristic/Ta rget Mgmt None Uncontroi\Rd Controlled targets Distributed Integrated targets, budgets,
| Excel/Docs targets/constraints with compliance reports
Change Management Document-based Isolated mo Impact analysis & Metrics with History  Project level reuse, starting
change process includ change suspicion mgmt for improvement point for next project
Avg Organization /
(best case) \
Requirement Management Uncontrolled Managed Docs one solutions RM/traceability Connected, configured, cross-
spreadsheets & exchange domain traceability with reuse
| docs
Model Management Uncontrolled, rules- Uncontrolled, odel repository Integrated, Model reuse with controlled
| of-thumb, hieristics behaivor model component library parameters
Verification & Validation Document-based Manageed test Y Standard test libraries  Validation simulation Focused testing, reuse results,
test procedures cases & HIL/SIL swap out models
Design Management unmanaged Cax/SW Locally Mananged Enterpris ositories Integrated models Cross-domain
models CAX/SW (MIL, SIL,...) design/optimization
CMMI Staged Levels: (1) Initial (2) Managed (3) Defined (4) Qualitative (5) Optimizing




Where are we?

Everyone dealing
with design sanity
problem

Capability Assessment:

Basic Low

YMedium High

System Modeling/Architecture

| PLE/Configuration (variation)

‘Technical Risk (RAMS, cost,...)

PPT in docs Multiple model

: exchange/optimize
None Disconnected \ariatior grated variation
None Integrated Bi Standalone RAMS with

Mangfement Plags with FMECA Dash boards
g#bects of RAMY(FMEA)

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

d Logical Modeling

ICD in docs Standardfbased Reused interfaces
Interfacq library

Isolated Jogical behavior Integrated logical

Logical descr

Functions/logical allocation
drives interface definitions
Logical architecture with

| Characteristic/Target Mgmt

thange Management

description docs
None Uncontrolle

behdyior models modeling
Distributed

Excel/Docs targets/constraints
Document-based Isolated modgls | Impact anal Metrics with History
change process included infhang&\suspicio for improvement

| documents models behavior modeles allocation with traceability
Parameter Management Unmanaged Parametey library Integrated with Reusable parameter library
spreadsheets functions with traceability
Feature/FunctionaI Modeling Functional Functioq hierarfhy Isolajed functional Integrated functional Functional arch with allocations

& Traceability

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

Best Auto

(best case)

d Model Managem

4Verification & Vali

Requirement Management

Design Management

Uncontrolled Managed Docs

spreadsheets &
docs

ntrolled, rules- Uncontrolled,
umb, hieristics behaivor
mentased..._Managee(l test
rocedures cases |

Y standard test libr

unmanaged Cax/SW Locally Mananged

models CAX/SW (MIL, SIL,.\)

Connected, configured, cross-
domain traceability with reuse

ith controlled

o, reuse results,

Cross-domain
design/optimization

CMMI Staged Levels:

(1) Initial (2) Managed (3) Defined (4) Qualitative

(5) Optimizing




Capability Assessment:

—Inte

Is SE education helping
our design sanity
problem?

System Modeling/Architecture

PPT in docs

Disconnégted Visio Sys Models with

Multiple mode!

Integrated architecture models

models imulations exchange/optimize for cross-domain sim/optimize

" PLE/Configuration (variation) None ariation Disconnected variation Integrated variation  PLvariation definition built into
documents, rules rules into architecture decisions

shee

Technical Risk (RAMS, cost,...) None Risk docum Integrated Risk Standalone RAMS with Integrated RAMS, continuous

spreadshee M ment Plans with FMECA Dash boards  risk assessment/alarms with
aspects of RAMS (FMEA) dashboards

Interface Mlnagement ICDi Managed Standard-based Reused interfaces Functions/logical allocation

‘\ interfaces Interface library drives interface definitions

Jlogical Modeling Logical descrip hierarchy Isolated logical Integrated logical Logical architecture with

‘ documents behavior models behavior modeles allocation with traceability

?fParameter Management Unmanaged Manryged Parameter library Integrated with Reusable parameter library

} spreadsheets spreatisheets functions with traceability

|

Feature/Funcﬁonal Modeling Functional FuNctidn hierarchy Isolated functional Integrated functional Functional arch with

description docs behavior models modeling allocations & Traceability

1 Characteristic /Targot Mgmt None Controlled targets Distributed Integrated targets, budgets, with

‘ e!/Docs targets/constraints compliance reports

“Chan‘. Mana‘.m.nt Document-basa Isolated mo Impact analysis & Metrics with History  Project level reuse, starting

ocess includ change suspicion mgmt for improvement point for next project

Avg University
(best case)

Requirement

Avg Organization
(best case)
Model Manage

ontrolled, rules-

iVefiﬁcation & Validation

Unrestricted | © Siemens 2022 | Siemens Digital Indu

Design Management

of-thumb, hieristics
Minimum to no
planning

unmanaged Cax/SW

stries Software | Where today meets tomorrowiodels

Managed Docs

Uncontrolled,

behaivor modeld
Manually testin
everything

Locally Mangnged
CAX/SW

@ validation
Simulations

Enterprise

e repository

aQositories

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

CMMI Staged Levels:

(1) Initial

(2) Managed

(3) Defined

(4) Qualitative

(5) Optimizing




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

Avionics Elight Controls Environmental Control Systems Mechanical
« Common Core System (CCS) « Flight Controls Electronics « Equipment Cooling * Wheels and Brakes
! on - S = Moisture Control . ontrol and Monitor
= Humidification = Lans Gear Actuation
{ heel Steering

- Cargo Air Conditioning. Vent n Flight Deck

« EE Cooling = Flight Deck Control Psnals

Total Publisher Flags per System

« Communication
= e-Enabling (Cre

Y = Maintenance Systems
Cabin Systems
» Brosdband Offooard Sstellit
» Cabin Services Systems

« Video Surveillance System

Fuels

...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.

Number of Flags

Mike Sinnett 787 Chief Systems Engineer

Iyd FT

Unrestricted | © Siemens 2022 | Siemens Digital Industries Software | Where today meets tomorrow. SI E M E N S




p’}t IS not necessary to
‘“change, survival is not
" mandatory”

W. Edwards Deming,
Data Scientist
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Legacy systems roadblocks... e

www.incose.org/symp2022 14



Barriers to
implementation...

Silos locked-in by
tools creating
automated chaos

NxN problem...

Capability Assessment: Basic Low

Medium

High

Advanced

System Modeling/Architecture PPTin docs

PLE/Configuration (variation)

Technical Risk (RAMS, cost,...)

Visio mod
None Variation .
documents, 7 /ru
spreadsheets ,/ !
None Risk dowﬁﬁentz,

spreacfsheets,’
’

Multiple model
exchange/optimize
Integrated variation
rules

Standalone RAMS
with FMECA Dash
boards

Integrated architecture
models for cross-domain

PL variation definition built
into into architecture
decisions

Integrated RAMS, continuous
risk assessment/alarms with
dashboards

Interface Management
Logical Modeling

Parameter Management

Standard-basdd
Intekface Iibrq'ry
Logicalae
documents medels !

Pdrameter Iitlgrary
1

Isofated logicel behavior

Reused interfaces

Integrated logical
behavior modeles
Integrated with

Functions/logical allocation
drives interface definitions
Logical architecture with

allocation with traceability
Reusable parameter library

spreadsh ; I functions with traceability
I |
/ L
\ ] |
Feature/Functional Modeling Functional RKunction hierarchy,llsolated furfctional Integrated Functional arch with
description docs sahavior mpdels functional modeling allocations & Traceability
Characteristic/Target Mgmt None led targets Distributed Integrated targets, budgets,
ExXce " targets/constraints with compliance reports
Change Management Document-based Isolé;(ed medels mpact anglysis & Metrics with Project level reuse, starting
change process included inichange 5uspicion mgmt History for point for next project

\ |

Requirement Management
Model Management
Verification & Validation

Design Management

\ ]
N N
(  RM Tools

Uncontrolled
spreadsheets & v
Uncontrolled, rules- Uncontrolld,

Document-based Manage
test procedures cases
unmanaged Cax/SW Locally Mananged
models CAX/SW

RM/traceability
exchange
Integrated,
component library
Validation
simulation &
Integrated models
(MIL, SIL,...)

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

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

CMMI Staged Levels:

(1) Initial (2) Managed (3) Defined

(4) Qualitative

(5) Optimizing




Doing the math...

~ 4 ..‘ - \:\,\
L 2 *;;:
p ¥ \
/“‘("\ ! “‘;\
A . SR
“",. ' { 5‘
X ': 2 z g
\ ! ' " : . ’/,’
Nodes = 5 AR A"
Potential Links = 10 SR e interfaces
Networks=2"0 1024 @ Murphy happen®

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
information exchange
not data exchange

PLM is about

data management;
SysLM is about
managing the digital
thread

Capability Assessment: Basic Low

Medium High Advanced

System Modeling/Architecture PPTindocs Disconnectes

Visio mode exchange/optimize models for cross-domain
PLE/Configuration (variation) None Variation PRt gan o Integrated variation PL variation definition built
documents, 7 /rules rules into into architecture
spreadshe/ets decisions
Technical Risk (RAMS, cost,...) None Risk documents, Standalone RAMS  Integrated RAMS, conti

Multiple model Integrated architecture

with FMECA Dash
boards

risk assessment/a
dashboards

Interface Management

Logical Modeling

Mafiaged
spreadshee

Parameter Management

Starv:lard baséd

Intebface Ilbrqry

Isojated logiaml behavior Integrated logig

madels 1

Pdrameter Iiﬁrary
]

Reused interfaces

(]

1 |
I [ |
1 |

Functional
description docs
None

Feature/Functional Modeling

Characteristic/Target Mgmt

Document-based
change process

Isol!ted mpdls
mcluded inichag

Change Management

Uncontrolled
spreadsheets &
Uncontrolled, r
of-thumb, hi
Docume

Requirement Management
Model Management
Verification & Validation

Design Management

CMMI Staged Levels;




“We're pretty good at
90% of them work as
50% of them fail when we plug
them in.”

chip design,
designed,

-IEEE

Where do we start?

Some realizations...

Implementing MBSE on a complex product in a
complex organization operating in a complex world =
systems engineering problem3

This is not an individual tool problem (MCAD works,
ECAD works, Mfg works,...systems fail when you
bring them together) that consumes half of program
schedules today

It's not at a tool problem, it's an integrated MBSE
journey—Start Integrated, Stay Integrated

SIEMENS



Where do we start
our MBSE Journey?

Target rich
environment

Solution (1) Initial (2) Managed (3) Defined (4) Qualitative (5) Optimizing
Product engineering Uncontrolled Controlled Documen Enterprise Integration Continous Engineering
System Architecture Modeling “PPTindocs isiodi ~ Fifg-grained integrated  Continuous integration via

Product architecture definition

Planned Product Variability
PLE/Configuration/Variation

|
None

Y Risk documents &

Y RAMS analysis tools

PLM-bazed architecture
drives closed-loop MBDC

system architecture

Y PLM variation definition drive
architecture decisions

) Integrated RAMS, continous

Reliability & System Safety Analysis Combpined Risk Mgmt plans Y Disconnected RAMSAT0]s

Technical Risk (RAMS) spreadsheets with inanual RAMS artifacts  output agsi FMECA f} integrated with product risk 3ssessment, alarms,
[F architecture via PLM dashboards..

Cross domain services

System Definition & Design Integration ICD & logical description Managed interfaces @ lozgic SE artifacts linked to Logical lntegrated fine-grained Iogicar Logical architecture carries

Logical modeling & Interface mgmt documents hierarchy models & Std interface arch with interfaces across domains. Interfaces

libraries everywhere

Integrated services

Feature Engineering A Feature/Functional Functional hierar: furctional behavior Integrated fine-grained " Functional arch with

Feature/Functional Modeling description docs functional modeling allocations & traceability

Parameter/Target Mgmt Y Uncontrolled Excel/Docs Proj sed h Enterprize PLM h Integrated parameters,

Characteristic/Targets/TPM

Pafaryeter/Target libraries

parameter/target mgmt &
reuse

targets,... drive continuous
compliance monitoring

Change management Y Document-based change |solat#d modelsincludedin - Change\mpactanalysis & h Complete PLM configuration A Cross-project level reuse,

rocess cha SUSPISE Emt with models, parameters, starting point for next project
hi

Content Management —~_ Best Auto

Requirements Analysis Y Uncontrolled spreadsheets & |Managed requirements d nnecte too tesrated requilioac dSE mpliance thru

Requirementsengineering & mgmt docs ange eability inside PLM connected, configured, cross-

> domain traceability & reuse
Behavior Model Management Uncontrolled models on Version controlled models ctslinked into s

System, performance, et al simulation

desktops

}ﬂtif

Integrated m roduct |Continuous, focused
configuration with simUtstion |simulation & multi-domain

/ ,dash boards

Best Aero
Verification Management & Governance |Document-based test E artifacts linked tofteft Devops-like V . focused testing,
Product Test/V&V procedures simulation , model swap out
Physcial Design Management Unmanaged CAx models PDOM contr?(ed CAx Cross-domain fine-grained Continuous physical design

Unrestricted | © Siemens 2023 | Siemen@,@ig}j@l .[%Hgy%ﬁgftware | Where tpday meets tomorrow.

SE artifacts linked into“

PLM integration verification (Digital Twin)
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