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“There’s a difference between jogging
and being chased by a bear”

Grandma Sampson



~47 million automotive B s =STATE= i Q: B RS s oo
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year
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number of 2018 recalls: 31

affected vehicles: 2,912,690
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A Review of the Year in Automotive Recalls by Recall Masters
Airbags : Vi & Latches
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) - - - - —— ————— ——' y
o — number of 2018 recalls: 74 . N number of 2018 recalls: 9
. affected vehicles: 9,919,263 — R - affected vehicles: 2,172,277

affected vehicles: 1,562,799

Steering/Suspension \ |7 : " — Y, NS Miscellaneous
powey steering, stabiity, steering column \l 3 ' ) oo mats, Bitches, documentation, Labels
Netpeaivcdis 2t 33 NN e v N - 7z ,

= = y = . P | s :\ A < 4
number of 2018 recalls: 28 ‘ N Ty ' P—" <4 2 number of 2018 recalls: 66
affected vehicles: 3,903,766 Xk 3 Bas - e affected vehicles: 720,623

...many of these are 7 -t o —
failures to comply with B Restraints = Windows

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

requirements & Y- | B B - TS

affected vehicles: 3,218,006 | e | - affected vehicles: 224,751

regulations N

Tire & Wheel
tire inflation, wheel lodks, tire Labets

d & Volvo DoO : | || —

affected vehicles: 15,104
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Unprecedented Product Complexity: Unaffordable

Norm was right (Augustine’s Law #16)
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A-V-1

L.n(Onboard SLOC)

“Integrate, then build”
AVSI

. 5 SLOC doubles about every 4 years—\ Suggested
Estimated Onboard SLOC G |- affordability
limit (2013)
184
20
Slope =0.17718 g 16- F-35 2012 (24M)
18 1 Intercept = -338.5 = B777: 4M 5.8M)
Curve implies SLOC doubles © 14 {374@?”770‘:’(79*(\ e (;)\383(?(;2340 M
about every 4 years § B76 K~ + A310: 400K F-22: 1.7M
16 § 124--B15 F-16D: 236K
=t F-16A i
- A300FF: 40K
14 10-
B737: 470K
B747: 370K A310: 400K 84 A300B: 46K
12 - B757, B767: 190 INS: O 8K
6 Y T T r '
/A300FF: 40K 1960 1970 1980 1990 2000 2010 2020
10 v
A “Development effort, which increases exponentially with
8 ./ SLOC, is increasing at an alarming rate. For example,
6 meose 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”
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Without the digital thread...

000000

Many different organizations & disciplines interact to create today’s complex products

It's at these organization/discipline boundaries where integration problems happen

You already know this and plan to spend half your program schedule/resources for
integration problems
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The digital thread starts with an integrated product
architecture & requirements...

= Architec?tu , = -

‘ I .......... | & ':.‘0}; =
= ‘ . :,'-‘\. 4
000000

@ L%
= An integrated product architecture with requirement provides the scaffolding for the digital thread
% @)

& drives the downstream development process for continuous integration

Requirements, Functions, et al. flow through the threads for continuous/closed-loop V&V

Guided by standard integrated process, participating in standard services, delivered thru PLM to
everyone (including suppliers) for closed-loop development—continuous integration
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This isn’t an engineering problem, you have a knowledge r&.{%"ﬁ
communication/management problem :

Today’s products are built by everyone/everywhere...

* Documents aren’t scalable

« Disconnected models provide knotholes

* You can'’t hire enough brains
Symptoms:

« Half your program schedule spent on system integrat
(supplier coordination)

« Tedious communication via meetings

« Uncommunicated change

* Innocent impact understanding

An integrated product architecture/blueprint is required

* Delivered thru PLM
« Allocated through suppliers for continuous feedback

...to start integrated, stay integrated
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Integrated MBSE Vision
What does the integrated digital thread look like...
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Hidden costs from communication failures...
Solving the same problems over & over

Cross-Domain problems result fr
Siloed/Disconnected Decisions

Form follows function, Problems follow
Everyone involved, including purch
Disconnected requirements
Uncommunicated change

Happen at domain/organizational bo
Migrate with people (overt or covert)
Missing/disconnected product archite

Problem resurface metric:
how long does a problem
once solved take to come
back

« Auto: ~3 years
High Tech ~6 mo.
e Aero ~15years

“Water on the knee”
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How bad iIs our
communication
problem?

MBSE Maturity

Disintegrated e - Integrated

. -—w .
Disconnected - v Continuous
Commnication Communication Continuum Communication

with documents A% isconnectead variaton ’ with models

System Modeling/Architectu

PLE/Configuration {variation)

documents, rules rules intoa
spreadsheets
Technical Risk lRAMS, CDS‘t,...} MNone Risk documents, Integrated Risk Standalone RAMS with Integrated RAMS, continuous
spreadsheets Management Plans with FMECA Dash boards risk assessment/alarms with
aspects of RAMS (FMEA) dashboards
Interface Management ICD in docs Managed Standard-based Reused interfaces Functions/logical allocation
interfaces Interface library drives interface definitions
Logical Modeling Logical description  Logical hierarchy  Isolated logical behavior Integrated logical Logical architecture with
documents models behavior modeles allocation with traceability
Parameter Management Unmanaged Managed Parameter library Integrated with Reusable parameter library
spreadsheets spreadsheets functions with traceability
FeaturefFunctional Modeling Functional Function hierarchy Isolated functional Integrated functional Functional arch with allocations
description docs behavior models modeling & Traceability
Characteristicharget Mgmt MNone Uncontrolled Controlled targets Distributed Integrated targets, budgets,
Excel/Docs targets/constraints with compliance reports
Change Management Document-based Isolated models  Impact analysis & Metrics with History  Project level reuse, starting
change process included in change suspicion mgmt for improvement point for next project
Requirement Management Uncontrolled Managed Docs Standalone solutions RM/traceability Connected, configured, cross-
spreadsheets & (disconnected) exchange domain traceability with reuse
docs
Model Management Uncontrolled, rules- Uncontrolled, Shared model repository Integrated, Model reuse with controlled
of-thumb, hieristics behaivor models component library parameters
Verification & Validation 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

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




Capability Assessment: Basic Low ~ Medium

Ao

Disintegrated—————————————————Integrated y

How bad Is our

System Modeling/Architecture PPT in docs Disconnggted Visio Sys Models with Multiple model Integrated architecture models
- - models Simulations exchange/optimize for cross-domain sim/optimize
CO m m u n I C atl O n | PLE/Configuration (variation) None Variation Disconnected variation Integrated variation  PLvariation definition built into
documents, rules rules into architecture decisions
p ro b I e m ? Technical Risk (RAMS, cost,...) None Risk documehts, Integrated Risk Standalone RAMS with Integrated RAMS, continuous
Management Plans with FMECA Dash boards  risk assessment/alarms with
aspects of RAMS (FMEA) dashboards
Avg M B S E I\/I atu rlty Interface Management ICDind Managed Standard-based Reused interfaces Functions/logical allocation
interfaces Interface library drives interface definitions
v I.ogical Modeling Logical descrip Logical hierarchy Isolated logical Integrated logical Logical architecture with
| documents behavior models behavior modeles allocation with traceability
Parameter Management Unmanaged Mangged Parameter library Integrated with Reusable parameter library
spreadsheets spreatsheets functions with traceability
Feature/Functional Modeling Functional Functidn hierarchy Isolated functional Integrated functional  Functional arch with
description docs behavior models modeling allocations & Traceability
' Characteristic /Target Mgmt None Uncontro Controlled targets Distributed Integrated targets, budgets, with
Excel/Docs targets/constraints 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 Stan®glone solutions RM/traceability Connected, configured, cross-
spreadsheets & (disconn exchange domain traceability with reuse

docs
Model Management Uncontrolled, rules- Uncontrolled, Sh odel repository Integrated, component Model reuse with controlled
of-thumb, hieristics behaivor model library parameters
' Verification & Validation Minimum to no Manually testin Y Isolated validation Integrated simulation Focused testing, reuse results,
planning everything simulations (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

CMIMI Staged Level;: (1) Initial (2) Managed (3) Defined (4) Qualitative (5) Optimizing




Capability Assessment:) Basic " Low " Medium h High " Advanced 1
Disintegrated . ... .....ciiiniins tautnnnnnnncnaannss sasaasnnnnnnnns Integrated
| X __n

ith Multiple model Integrated architecture models
exchange/optimize for cross-domain sim/optimize
PL variation definition built

into into architecture decisions

|System Modeling/Architecture PPT in docs Discon Sys Models

Where are We’? PLE/Configuration (variation) None e —

Disconnected varlgtion
rules

Standalone RAMS Integrated RAMS, continuous
ith with FMECA Dash risk assessmentfalarn’isiiﬂ;
boards dashboards

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

Integrated B

Everyone has a
communication _ pd /

Interface Management ICDindo Manage Standard-bpgsed Reused interfaces  Functions/logical allocation
interfacgs Interface liprary drives interface definitions
p ro b I e I I I Logical Modeling Logical description ical Bierarchy 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,
Excel/Docs targets/constraints with compliance reports
Change Management Document-based IsolatedModels  Impact pnalys Metrics with Project level reuse, starting
change process includgd in change suspicign mgmt Best Auto :ct
(best case)
Avg Organization e
{best case) —T
Requirement Manageme R Managed Docs RM raceabilﬁ\?;nmnected, configured, cross-
spreadsheets & i ain traceability with reuse
Model Management Uncontrolled, rules- Uncontrolled, Best Aero h controlled
of-thumb, hieristics behaivor models | repository (best case)
Verification & Validation Minimum to no Manually testing] Isolated validation ot B, reuse results,
planning everything igiulations ulgtion (HIL, swap out models
Design Management unmanaged Cax/SW Locally Mananged Enterpsxigse repositories /Integrafed models Cross-domain
models CAX/SW \) design/optimization
CMMI Staged Levels: (1) Initial (2) Managed (3) Defined (4) Qualitative (5) Optimizing



|s SE education
helping our
communication
problem?

Capability Assessment:

Disintegrated—————————————————Integrated y

Low

'Medium

'High

System Modeling/Architecture

| PLE/Configuration (variation)

Technical Risk (RAMS, cost,...)

PPT in docs

None

None

Disconnggcted Visio Sys Models with

Variation
documents,

Risk docu
spreadshee

imulations

Disconnected variation

rules

Integrated Risk

sement Plans with
aspects of RAMS (FMEA)

Multiple model
exchange/optimize
Integrated variation
rules

Standalone RAMS with

FMECA Dash boards

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

Integrated RAMS, continuous
risk assessment/alarms with
dashboards

Interface Management

| Logical Modeling

| Parameter Management

Logical descri
documents
Unmanaged
spreadsheets

Managed
interfaces

Standard-based
Interface library
Isolated logical
behavior models
Parameter library

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

— Requirement

Feature/Functional Modeling

| Characteristic/Target Mgmt

Change Management

Avg University
(best case)

Functicnal
description docs
None

Document-based

Isolated functional
behavior models
Controlled targets

Impact analysis &

change suspicion mgmt

Integrated functional
modeling
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

Avg Organization
(best case)
Model Manage

| Verification & Validation

Design Management

ontrolled, rules-
or-thumb, hieristics
Minimum to no
planning

unmanaged Cax/SW
models

Uncontrolled,
behaivor modelg
Manually testin
everything

Locally Mangnged Enterprise

CAX/SW

@validation
imulations

ef repository

gRositories

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




Process Dishonesty/Meta-Dishonesty

“Semmelweis Reflex”
“...to dismiss/reject out of hand any information, automatically

without thought, inspection, or experiment”

Fore-ordained answers
...will the answer provided by SE tools be accepted

Don’t waste your time on the wrong answers, unless...

Dr. Ignaz Semmelweis
(1818-1865)

Early Germ
Theory | .

Wash Your
Damn Hands

[http://en.Wikipedia.org/wiki/SemmeIwg'
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http://en.wikipedia.org/wiki/Image:Ignaz_Semmelweis.jpg

Organization SDB’s (Self-Defeating Behaviors)...

No time/money to use tools ...next year you will have a 90%
No backing for resources probability of this failure...but
No training on tools youwill do nothing about 1!
Expecting tools to run themselves

Thinking tools are static

Not convincing the customer of the tool benefits
No process for the tools to work within

No mechanism for using tool results

Applying the tool to everything

Funneling everything through a gate keeper
Expecting “paper” results from tools

“where’s the hardware?”

Rewarding fire-fighters vs. fire-preventers
Blockading support organizations (...they cost too much, etc.)

SIEMENS



Organizational SDB’s cont...

How prepared is your organization?

Culture change vs. getting lucky...

Buckminster Fuller’s Magic Log

Buckyballs (Carbo Fullerenum)

[Sampson, 2000, Von Wodtke, 1993 ]

Cows drink... SIEMENS






You don’t have an engineering problem, you have a knowledge
communication/management problem

Today’s products are built by everyone/everywhere...
*  Documents aren’t scalable
« Disconnected models provide knotholes
* You can’t put enough brains on the job

Symptoms:
» Half your program schedule/resources spent on system integration
* Arm’s-length supplier collaboration
«  Tedious communication via meetings (inter-team & intra-team)
* Uncommunicated change
* Innocent impact understanding

Integrated product architecture with requirements is mandatory
» Delivered thru PLM services
« Integrated standards-based process/methodology
« Allocated through to suppliers for continuous feedback

...to start integrated, stay integrated
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Where do we start?

SIART WHERE YOU ARE.
USE WHAT YOU HAVE
DO WHAT YOU GAN.

- ARTHUR ASHE

SIEMENS



s Models with Multiple model

Simulations exchange/optimize
; alati Integrated

rules variatio

H OW tO Start SO IVI N g PLE/Configuration (variation) None
yo u r CO m m u n ICatI O n Technical Risk (RAMS, cost,...) Non
problem...

grate Standalone RAMS
Management Plans with with FMECA Dash
aspects of RAMS boards

Interface Management Stendard-based Reused interfaces  Functions/logical allocation

drives interface definitions
. ) ] Logical Modeling Logical descrif op sa-hi ed logical behavior Integrated logical Logical architecture with
POSSI b I e Startl n g po I nts documents behavior modeles  allocation with traceability
Parameter Manageme Unmanaged Integrated with Reusable parameter library
spreadsheets functions with traceability

to solving your _

CO m m U n ICatI O n p rO b I e m Feature/Functional Modeling Function; % hierarchy lIsolated functional Integrated Functional arch with
description 4D 4 behawor models functional allocations & Traceability
Characteristic/Target Mgmt None olled targets Distributed Integrated targets, budgets,
targets/constraints with compliance reports
Change Management Metrics with Project level reuse, starting
History for point for next project
improvement

Requirement Management Uncontrolled RM/traceability Connected, configured, cross-
spreadsheets & exchange domain traceability with reuse

Model Management Uncontrolled, ruleg Integrated, Model reuse with controlled
of-thumb, hieristi component library parameters

Verification & Validation Minimum to no Integrated Focused testing, reuse results,
plannin simulation (HIL, swap out models

Design Management anaged Cax/SW Locally Integrated models Cross-domain

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

i
cMmMI Stage vels: (1) |lJ.IJEIﬂ‘|'/ (2) Manag/d (3) Dé{med \(ﬂ-){lu\lltatwe (5) Optimizing




High-tech Experience
This requires change...

Documents

Document
Generatlon
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//upload.wikimedia.org/wikipedia/commons/4/4c/Apollo_guidiance_computer_ferrit_core_memory.jpg

Some additional parting motivation...
You better get moving

WHAT TO DO IF YOU’'RE BEING

CHASED BY A BEAR
WHILE ON FIRE

www.BearmageddonNews.com mo.;\»..‘u
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