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The changing nature of products is disrupting
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Model-Based Systems Engineering

Design before you build

« Standard based graphical modelling

— Common language
*  Improves understanding
»  Facilitates collaboration
»  Achieves stakeholder buy in

— Problem abstraction, to see the ‘wood from the trees’

« Systems engineering process automation
— Tools enable a more efficient systems engineering process
— Tangible designs to review, finding problems earlier
—  Traceability from requirements through models to system
— Enables Rapid Prototyping, Simulation & Trade Studies

- Reduces the total cost of systems engineering
— Reduce learning curve & cost with an industry standard language
—  Capture system design IP to reduce risks & retain value
—  Optimized allocation to mechanical, electrical & software engineering
—  Design & build the right systems, right




System Product Line Engineering (PLE) Challenges

Product line explosion

* Increasing number of product
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The Solution ... Product Line Engineering

 Orthogonal Variability Modeling (OVM)

* The concept of ‘Variability’ Modelling in OVM
- Variation Points

- Variants
- Variability Constraints

* Integrates variability modeling with systems modeling

» References:
- 18026550:2013 — Reference Model for System and Software Product Line Engineering
and Management

- Klaus Pohl, Glnter Bockle, Frank van der Linden, Software Product Line Engineering —
Foundations, Principles, and Techniques, 2005



The Solution ... Model-Based Product Line Engineering  PTC

Designing a single system platform rather than as creating a multitude of products

« MBSE + Modular Design + Variation
—  Common language improves
Communication
Collaboration
Stakeholder buy in
—  Architected modular design & reuse
—  System product lines designed up front

« Maximum commonality & minimal variation
— Less duplicated effort with optimized reuse
— Parallel working through ‘design by contract’
—  More commonality between designs and implementations
— Managed product line complexity

Orthogonal
V ariability
Modeling 180




Variability Approaches

» Model Variablility using inheritance

=S

size of car

* Model Variablility using OVM
- Orthogonal Variability Modeling




Modeling Systems of Systems




Model-Based Systems Engineering




Disaster Relief Challenge....Provide Ice:

« Goals and Objectives: For the challenge, show how today’s tools can be used and
integrated together to support planning, analysis, decision making, communications, and
documentation and reporting while minimizing duplication of effort, or data entry. Refer
to the listing of Goals and Objectives posted on the TVC page for a full listing of all Goals
and Obijectives to consider including as part of your demonstration.

« Challenge: Itis summer time in Sin City, a dessert city located in a hot, dry climate zone
experiencing temperatures ranging between 70 — 100 degrees Fahrenheit (20-35 C). A
recent natural disaster has devastated the area within a 100 mile radius. An estimated
15000 people lost power due to the destruction, and need to find shelter. Most roads are
impassible to the public so there is limited vehicle transportation and the electricity is out
in most of the disaster area. As part of emergency response requirements, shelters must
be set up within 24 hours from when the evacuations begin to help sustain those who
need to relocate. As part of the initial emergency response, ice must be provided to
sustain perishables such as medicine and foods, and to support first aid needs. Power
and potable water are to be provided with the shelter solution.
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Operational Concept for Disaster Relief

0V-1a [Disaster Relief High Level Operational Concept] High Level Operational Concept [OV-1 a]J

’ Coordmates ~

|[High Level Operational Concept] Ice Provision High Level Operational Concept [OV-1a] 'ﬁ
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Operational Concept for Disaster Relief Internals

OV-1a [High Level Operational Concept] Ice Provision High Level Operational Concept [OV-1a]J

Provides Ice

: Member of Public
Provides Waterlp des Shelter

Feeds

: Ice Provision

oordinates

Coordinates

Contacts

: Support Services Coordinator

l[ArchitecturaI Description] Enterprise [CV-1] 'ﬁ

~ anages
: Emergency Communications

Informs

: Disaster Management

PTC
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High Level View of the Enterprise

CV-1 [Architectural Description] Enterprise [CV-1]J

AN

visions
«Vision» Alieviate Disaster

goals
«EnterpriseGoal» Provide Services

i

Phase 1
Project
Setup

i Temporal Part1
v

«EnterprisePhase»
Project Setup

startDate
2013-07-01 00:00:00

endDate

Provided
Capabilities

2013-07-02 00:00:00

exhibits
«Capability» Communications
«Capability» Logistics
* «Capability» Security
«Capability» Management

[Architectural Description] Capabilities [CV-2] 'ﬁ

«WholeLifeEnterprise»
Disaster Relief
Vision»
startDate e s
2013-07-01 00:00:00 Aliedet Bleastan I
endDate
2013-07-31 00:00:00
«EnterpriseGoal
«requirement»

Provide Services

Temporal Part2

«EnterprisePhase»
Assist Public

startDate
2013-07-02 00:00:00

endDate
2013-07-31 00:00:00

Phase 2
Assist
Public

exhibits
«Capability» Food Provision
«Capability» Provide Ice
«Capability» Shelter
«Capability» Temperate Storage
«Capability» Cold Storage

«Capability» Medical

«Capability» Manage Environmental Incidents
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Dictionary of Project Capabilities

CV-2 [Architectural Description] Capabilities [CV—2]J

«Capability»
«block»
Manage National Crises

Main Focus ﬁ

«Capability» «Capability» «Capability»
«block» «block» «block»
Manage Terrorist Attack: Manage Biological Outbreak: Manage Environmental Inciden

«Capability» «Capability» «Capability» «Capability»
«block» «block» «block» «block»
Logistics Communications Medical Security

«Capability» «Capability» «Capability» «Capability»
«block» «block» «block» «block»
Shelter Food Provision Temperate Storage Cold Storage

«Capability» «Capability»
«block» «block»
Management Provide Ice
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Functional Decomposition of Capabilities

CV-6 Manage National Crises - [CV-6]J

«Capability»
«block»

Manage National Crise

«ActivityPartOfCapability» «ActivityPartOfCapability» «ActivityPartOfCapability»

Manage National Crises - [OV-53a] I5|
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Functional Decomposition of Activities

OV-5 Manage National Crises - [OV-5a]]

«ActivityActipn(Operational)»
Manage Hijgckings

«ActpvityAction(Operational)»
Manage Bomb Attacks

«Activity

IAction(Operational)» «ActivityAction(Operational)»  «ActivityAcjon(Operational)»

Manag

Biological Epidemics ~ Manage Hloods Manage Firgs

«ActivityAction][Operational)»
Manage Storl

Manage Disasters - [OV-53] lﬁ
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Disaster Response Context

OV-2 [Perfarmer] Disaster Response Context IOV-Z]J

RgsiCGd : Assist Request
4b ‘7
Rpt : Weather Report

\:QqstVSS : Victim Report

JRqslVSS : Victim Report . : ml_l
: SiatRqst : ?taiuTRequesl

ARIn

RgsiFwe | Assist Reqmsli

RgstVSS : Victim Report
RgstVSS : Victim Report \

BamRqst : Bamier Request

_ RqstPdl : Assist Request
—

-
RgstAmb : Assist Request

=
e B

|Manage National Crises - [OV-5a] l§|
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Model-Based Product Line Engineering




Modeling Product Lines

Variability Model

1

Base Model

Decision
Set

2

Decision
Set
Editor

Variant
Selector

Remaining
(Unresolved)
Variability Model

Product
Base Model

3
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var Disaster Van'antsJ

Evaluation of Architectures

Environmental V ariants lﬁ

Disaster

Terrorist

«ArchitecturalDescr

ption»
UPDM Model::Capgpility::Capabilities

Biological

«Capability»
Manage Terrorist Attack

Environmental
.".‘ . \
s , Environm-
K ¢ ental Type
«Capability» I _ %
) N H «Capability» I N
g (I EE EalEn (e Manage Environmental Incide kY
) . «ArchitecturalDescription»
«ArchitecturalDescription» i g.?\orlc;rgit:;tgzgiizgptlon» i Environmental Response
Terrorist Response V V
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Evaluation of Architectures

var Ervironmental VariartsJ

Environmental

requires»

| [Performer] Disaster Response Context [OV-2] ﬁ

Flood

. N
/ Envionm-

s entalType s
N

1

’F~ 1.1
[

-

.

Fire

«ArchitecturalDescription»
Flood Response

«ArchitecturalDescription»
Fire Response

«ArchitecturalDescription»
Storms Response
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Decision Editor

LA TVC Ice Model 2014, Version 0 - Artisan Studio - [Variability.Disaster]

i File Edit View Tools Window Help

D@ 4BEY X0 SREBG-©-|@ (B bLTs v BLal S 0 -]

Packages > 0 x Variability.Disaster XrEnvironmental Variants XrDisaster Variants XI X
=-[4 TVC Ice Model 2014 v Ve s e |HEE|6 !

% :g;sz;roﬁle ec ] Name Decision  Status Included By Excluded By Reason

[ +Enterprise Reguirements M E 3 A Disaster Type Included Variability.Environmental
[ +System Requirements [l

Exclude
&2 +UPDM Model .
-0 +SysML Model Exclude
"ﬁ +Atego Utilities Profile 3 [ Environmental Include Included  Variability.Disaster
=20 +}'Ir ariability Type.Alternative Choice1
et +D_|saste_r T - . . — -
[ +Biological Environmental Included Variability.Flood,
[1 +Environmental Type ariability. Environmental
S +E:re 4 CFlood Include Included
-+ +rloo
G0 +Storm O ?

Variability.Environmental
Type.Alternative Choicel

[1 +Terrorist
g +Elsz_asterTyptelT - Variability.Environmental
+Environmental Type v !
## +Disaster Variants Type.Alternative Choicel
# +Environmental Variants

B Comment
[-4% +[Asset] Distiller System

I[:l Packages @ w4 » | Variants: 6/6 Variation Points: 2/2  Inconsistent: 0 Undecided Mandatory Variation Points: 0
i Output

[

E[ [k |% outout
For Help, press F1

NUM
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Evaluation of Architectures

var Disaster Vanants

Environmental Variants Iﬁ

«ArchitecturalDescription»
UPDM Model::Capability:: Capabilities

«Capability»
Manage Environmental Incide

«ArchitecturalDescription»
Environmental Response
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Evaluation of Architectures

var Environmental Van’arl:sJ

[Performer] Disaster Response Context [OV—2]'ﬁ

«ArchitecturalDescription»
Flood Response
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Evaluation of Architectures

0V-2 [Performer] Disaster Response Context [OV—Z]J

WihiRpt - Weather Report

P

RgstCGd : Assist Request
—

&
rRpt - Weather Report

\:IqstVSS - Victim Repoit

" BN
Main Focus
|

JRqsﬂISS - Victim Repoit

StatRqst : Status Request

RqstAsst - Assist Requ

\l Update : Press Statement

RqstFire | Assist Request i
RgsfVSS - Vidim Repoit

KRquSS “Victim Repoit

SR : Status Repoit
A

BanRgst : Bamier Request
RgstPol : Assist Request
—

\ . )
AR : Assist Requba!PRst - Pumping Request

-
RgstAmb - Assist Request

Nodes _7

D e I ete d Manage National Crises - [OV-5a] Bl
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Evaluation of Architectures

0OV-5 Manage National Crises - [OV-Sa]J

Activities

Deleted

wActivityA-tion{Operational)»
Manage %loods

|Manage Disasters - [OV-5a] 'ﬁ




Asset Based Modular Design




System Structure for Victim Support

SV-1 Victim Support - [SV-1]J

Victim 8ugeort

PG : Power Generation

?PW : Power

LPW : Power

4
SR : Shelter Request

WS : Water Status

SP : Shelter Provision

SH: Shelter
[

WP : Water Purification

WT : Water

IM : Ice Machine

IR : Ice Request

MR :

IC : Ice

Y

ID : Ice Distribution

edical Request

FD : Food

FR : Food Request

MD : Me

MS : Med

MS : Medical Services

Victim : Member of Publi

IC : Ice

cine

cal Supplies

|[Architectural Description] System Structure [SV-3] 'ﬁ [[Architectural Description] System Structure [SV-6] ﬁ

| [Architectural Description] Capabilities [SV-5 Cap - Resource] Iﬁ
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System Structure for Victim Support

SV-1 Victim Support - [SV-1]J

Victim 8ugeort

PG : Power Generation

?PW : Power

LPW : Power

4
SR : Shelter Request

WS : Water Status

SP : Shelter Provision

SH: Shelter
[

WP : Water Purification

WT : Water

IM : Ice Machine

IR : Ice Request

MR :

IC : lge

\\/

ID : Ice Distribution

edical Request

FD : Food

FR : Food Request

MD : Me

MS : Med

MS : Medical Services

Victim : Member of Publi

IC : Ice

cine

cal Supplies

|[Architectural Description] System Structure [SV-3] 'ﬁ [[Architectural Description] System Structure [SV-6] ﬁ

| [Architectural Description] Capabilities [SV-5 Cap - Resource] Iﬁ
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System Overview of an Ice Plant

ibd [block] Ice Plant] | Generate Model ICD1 "

wirOut : Water

pwrOut : Power

«ltemFlow»
\fS-IM:PW : Power L \Water
«ltemFlow»

«ltemFlow» i
CleanWater : Water

WS-IM:WT : Water
wirln : Watef

P

«ltemFlow» 4
FS-PS:PW : Fuel pwnln : Power

= fuelOut : Fuel

IceOut : Ice

[Asset] Distiller System 'ﬁ

«ltemFlow» l
IM-IC:IC : Ice

iceln : Ice

[Package] Ice Machine Calculations I)|
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System Overview of an Ice Plant

ibd [block] Ice PIantJ

| Generate Model ICD1

P

«ltemFlow» 4
FS-PS:PW : Fuel pwnln : Power

= fuelOut : Fuel

pwrOut : Power

«ltemFlow»

e

wirOut : Water

IM:PW : Power L \Water

«ltemFlow»
CleanWater :

«ltemFlow» i
WS-IM:WT : Water

wirln : Watef

IceOut : Ice

Water

«ltemFlow» l
IM-IC:IC : Ice

iceln : Ice

[Package] Ice Machine Calculations I)|
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The History of Reuse

Model-based Systems & Software Engineering (2006) +
System & Software Product Line Engineering (2001-2008)

* |ISO 26550 (December 2013)

- MBPLE (2014)

1960s 1970s 1980s 1990s 2000s 2005+ Software
Subroutines Modules Objects Components Services Product Lines

(Linda Northrop, SEI SSPL 2008-2012)



Model Asset Reuse

« The OMG Reusable Asset Specification (RAS)
- Used for defining reusable assets, their interfaces, characteristics and supporting elements

* Three key dimensions describe reusable assets:
- Granularity describes how many particular problems or solution alternatives a packaged
asset addresses.

- The visibility varies from black-box assets, whose internals cannot be seen and are not
modifiable, to white box assets which are visible and modifiable.

- The articulation describes the degree of completeness of the artifacts in providing the
solution.

 Asset also include supporting documentation, requirements
addressed, interfaces, etc.

 Provides a standards-based “model of models” approach instead
of a “mega-model” approach.

33



Asset Reuse

Higher Level
Models

Links via
Assets

Lower Level
Models




Asset Library View in other model

i File Edit View Tools Window Help -8 X
D@t BEy X o SRIEBIG: S| @ iR ] meWaypints - B s &
iR b T D@ njwe -QQEER]RNEE®D Lol i@ e @80 2Tt Wh] @
[ | [d ||6||. ;lﬁ HP b M E ||g§i|§§ﬁ 'ﬂi ',&:%W Loy A |New Scheme... v| Mot Connected
Packages * B x ['gj [block] Ice Plant X r}. [BDD] CostModeling X r@ [block] PERCCScenario XI v X
E-[&] TVC Iee Model il
{0 +Profiles ibd [block] lce Plant Generate Model ICD1 |
#. +SysML Profile |
&) +ParaSolver Profile
{1 +Enterprise Requirements
% +5System Requirements Asset » Nrew =puree mpdel
+UPDM Medel - wtrOut - Water
H Synchronize IDL Element Names Ci et
527 +5ysML Model Y e frer
@0 +Behavior Open IDL File View in Asset Library
-] +Parametrics Start Link aftemFlows
PS-IM:PW : Power
[.].D +Struue i End Link " Wate
Ast] |sh||el Syster| Reqtify R kel dtemFlows
i +Blocks WS-IMWT - Water Clean\Water - [Water
- +Constraint Blocks New »
-] +Flow .SpECIfICEtIOI"\ Update Profile Iy
-] +Requirements uel pwnin : Power
-0 +Types Diff With Other Model...
(- +Distiller Remove from Package
#9 -DSDirty Out: H Scope To Package :
8 -DSResidue_Out P! ge... fuelOut : Fuel
9 -DSClean_Out : K Links ’
- -D5PowerIn: P Report » [Asset] Distiller System
-4 -DSExcess: H20 Tools » altemFlows
Find 5 IM-IC:IC - Ice
Open 3
Merge
Applied Stereotypes 3
Add To Favorites Ctrl+G
Remove From Favorites  Ctrl+ Shift+G
Package Import/Export ’
3 Undo Cirl=Z achine Calculations ‘ﬁ
| T Copy Ctrl+C [
N Paste Ctrl+V
E i > 0 x
RS € Paste Style
MName Full | Delete Del Changed On
4 [Package] Enterpri.. Entern Rename mentDi... 6/26/2013 1:15:53 ..
— - Expand All
[ETETEIEE] . o _
Move Up Shift+Alt+Up
Runs ]
Move Down Shift+Alt+Down J
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Distiller model complete

Distiller Model v6-1-0, N

i File Edit View Tools Diagram Window Help
N = A= "!XInI@@I

Y[ - 0 - | §3 G | Image Waypoints

system

- Bl & &

= BT Il e = 2 N W

acBER e -

L
7

@ ol @] 8 ] ol T ) O] ()

e B O R[] EBEPEE A » & om[E]E]

At |New Scheme...

- | Mot Connected

i Packages - I x

% [Block] Distiller [Initial with It... X |

i-_1 +Profiles -

5 +Distiller Requirements bd [Block] Distiler [Initial wih ftem Flows]

i._1 +Distiller Use Cases
7. +Distiller Behaviour
7" +Distiller Structure

i- 1 +Item Types
i-[L +ACS Profile
]@ +Asset Profile

- @@ +IDL Profile
E—J“ +Distiller System

[
[
[
[E
[
@] +Value Types
[
[
[
[

HEClean_Out : H20

wltemFlows
cH20
—

'y

wltemFlows
: Residue
—

'y

HEHotDirty_Out : H20

- +Distiller
[J... +D5Dirty_Out: H20 »
]... +D5SResidue_Out : Residue
- +DSClean_Qut: H20
j... +DSPower_In : Power
]... +D5Excess: H20

.f@) -hud : Heat Exchanger

m

HEDirtyln : H20

[

—
wtemFlow s

T Hz2O0

(% -drain: Valve

L

HESteam_In : H20

atemFlowes
tH20

BLHotDirty_In : H20

Im_Out : HZ20 B power_h:

a
whemPlows
T H20

BLSteam_Out? : Rezidue

Fluid_In : Fluid

altemFlow
: Residue
—

DSResidue_Oul

Fluid_Owut - Fluid

5
-
w) -feed : Valve (N
-a- -uil : Control Panel DRI SR
@ -cd : Controller
&

-TurnOn

[E
£
£
£
[E
-/ -knd : Boiler
£
[E
£
£
£

BBl (- - - T

L
wltemFlows
:Power

"..
wltemFlows
tHzO

> Ll x

: Residue

osExchss

- % -TurnOff

..... %, +[Model] Distiller Model 6.1h1 [Model Ove _

4|
| [ Packages

b
P 2 J4 1

1 |
@ || 1| @& (1] 2)

Favorites

MName Full Mame

Type

% [Block] Distiller [In... Distiller Structure.[Block] Distiller [Initial wit... InternalBlockD...

Changed On
1/9/2007 3:38:01 PM

|ﬁ|ﬁ||| . Favorites |

For Help, press F1
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Model-Based Product Line Engineering

* Integrated MBSE, Modular Design & Variability Modeling = Model-Based Product
Line Engineering

Product Line Super-system Model Product Model

Vv

Product Line Sub-System 1 Sub-System 2 Sub-System 2

Models

Links via

Asset Library
Assets
Asset 1 Asset 2
Su b_syste m (Sub-System Model) (Sub-System Model)
. Asset 3

Product Line (Sub-System Model)

Models
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Development Cost Reduction & Delivery Time Improvements P UC

« SE (Non-Modelled Systems Engineering)
— 59% of Projects Delivered on Time

« MBSE (Model Based Systems Engineering)
— 62% of Projects Delivered on Time

Compared to SE
— 55% Reduction in Total Development Cost per Project

* MB-PLE (Model Based Product Line Engineering)
— 75% of Projects Delivered on Time

Compared to SE
— 62% Reduction in Total Development Cost per Project

(EMF 2013 Independent Survey Results from 667 Systems engineering respondents)

MBSE
MBPLE

Development Cost per Project

MBPLE

MBSE

SE

On Time Delivery
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AFIS Book on Product Line Engineering (French/English)

These books are the foundation of the INCOSE Systems Product Line Engineering Handbook

Association
frangalsc
d'Ingénierie

Sysrtme

L'INGENIERIE SYSTEME SYSTEMS PRODUCT LINE
D'UNE LIGNE DE PRODUITS ENGINEERING HANDBOOK

An AFIS collective work

S tr (recton e directed by Alain Le Put
Aain Le Put

IN ".,ﬁ';' _E 25" Anniversary
AFIS Courtesy, specifically dedicated to
Matthew Hause, INCOSE PLE WG

Cépadués
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Questions and Answers

Description

1
1.1
111

loop

Question

end loop

Answer

{Speech Time}

Attende

while open questions existJ

|j‘Answer

|
Question }:_I
|




Questions and Answers

Thanks for your attention!

Speaker

For more information contact me at;
MHause@PTC.com
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