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Systems Engineering Challenges

Smart connected systems & products

» Growing complexity & functionality of systems & software
— Larger share of a products cost & capability is software
—  System & sub-system Integration
—  Customer, certification, regulation & standards compliance needs

 Larger, more distributed & distinct discipline teams

—  Communication language barriers & collaboration
—  Implementing common, architected Goals

* Increasing time pressures

—  Shorter development cycles
—  Delivering on schedule

 Quality assurance
— Risk of building the wrong system
— Increased costs of later stage errors

» Cost reduction demands
— Total development cost
— Risks & costs of delays or cancellation




The Solution ... 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
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System Product Line Engineering (PLE) Challenges

Product line explosion

* Increasing number of product
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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
Variability
Modeling 8o




The History of Reuse

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

* ISO 26550 (December 2013)

- PTC MBPLE (2014)

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

(Linda Northrop, SEI SSPL 2008-2012)



Model-Based Systems Engineering




Model-Based Systems Engineering

System Domain View - SysML

» Scope & Stakeholder Identification for Requirements Elicitation

Automotive Drivetrain Example I
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PTC Integrity Lifecycle Manager - Requirements Engineering PTC
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Synchronizing Requirements with PTC Integrity

Round tripping with PTC Integrity Modeler — Integration for Lifecycle Manager

» Updates can be made from either Modeler or PTC Integrity Lifecycle Manager

* Bi-directional synchronization to update both the model and requirement document

in tandem
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Product Line Branching of Requirements
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Asset Based Modular Design




Asset-Based Modular Design

» Design the same way you Build
— Construct Systems of Sub-Systems (SoS)

— Use Services to build your Application (SOA)
— Plug Components together (CBD)

« Modular Design
— Top-Down, Architected

— Specification (& Requirements) Driven PTC Integrity- Modeler’
— Parallel Working "

— Separation of Concerns
— Bottom-Up, Asset Mining
— Un-modeled Assets
— Other Modeling Tools
— Legacy Integration
— Published Interfaces (e.g. IDL)



Asset-Based Modular Design

« Publish from Sub-system model into PTC Integrity Asset Library
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Asset-Based Modular Design

« Search PTC Integrity Asset Library for Sub-systems

@ Asset Library - Mozilla Firefox
File Edit View History Bookmarks Tools Help
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Asset-Based Modular Design
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Asset-Based Modular Design

« Super-system Model = Configuration of Versioned Sub-systems

Super-system Model 1 Super-system Model 2
S u pe r_syste m Sub-System ). | Sub-System Sub-System
1 - P 2
Models
I—l n kS Via Asset Library Asset 1
V2.0

Assets

Asset 1 Asset 2 Asset 3

S u b— SySte m (Sub-System (Sub-System (Sub-System

Model) Model) Model)

Models

V2.0 V3.0 V4.0



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




1 - Variant Modeling

 Variant Diagram

 Variation on all Diagrams

« Simple Notation
Variation Point

Y

] Variant

a  Variability Dependency
= Mandatory/Optional
2, Requires Dependency
& Excludes Dependency
> Artifact Dependency
ga | Alternate Choice

« OVM
PALUNO, The Ruhr Institute of Software Technology
Software Product Line Engineering (Pohl et al - Springer 2005)
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Complexity can be added

Parameters can be used that tied into values in the model itself to allow or not allow you to select a Variant

var Environment Variability| ii

1

S

- ’\:_/’Q{ par [Block] Mission [Calculate Autonomy]J
1

-
-

Temperate

«exclude
requires: .
«requres» / [_]t:hours UH\\mues

'
1
@\1“2 48 Hours 1 week
e 1 AR i H
! :

bdd [Package] Configurations [Vehicle Optlons]

«requires»

«constraint»
~ autonomy : Vehicle Fuel Automony

.
4
1
Dry Average
VF : Gallons

v:mp

Number of Load Axles
=1

1
1 3 {Start Multiplicity Text}
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Additional Rules

" I " ' ? v X

. There are additional rules you can | £.Fropetties of ‘Alloy

add. | General | Text | Changes | Style | Parameter | Derivation Script | Enumeration | Validation Script | tems |
« Variant can have a parameter that [¥] Has Parameter Type  [shot ’]

can have some values. [%]Has Defout Defast g

. as aul

« Based on the value you will be able | ‘

to select it during the Decision or Has Maximum Length  Max 100

not. Mutiine Text

Range Min D Range Max
Derived  [v] Editable

Properties of ‘Alloy’ 22X

» Other additions are the use of
Derivation Scripts that allow the

| General | Text | Changes | Style | Parameter | Derivation Script | Enumeration | Validation Script | tems |

users to have full control over when Function EvaluateParameter Editor...
a variant is allowed or not allowed to EvaluateParameter = <parameter expression>
be selected. End Function

« Based on other modeling values
and or rules the user defines.
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Model-based Product Line Engineering

Variable Parameters

» Variable Parameter Passing

— [Q[7]7]0)
() Truck Type X

Make your decision “@@Iﬁl Long Haul
for each Variant:
g | OO
or Set a Parameter
Value (if available) to
Include a Variant

0090000

wy

|
lRels)

Numberof LoadAxels
=9
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Model-based Product Line Engineering

Variable Parameters

» Derivation & Validation Scripts

StandardSeat
=<

\,\\
ﬁ‘

/ BusinessSeat

/ o

:

FirstSeat

/ / =<x>
e
-

Standard Seat Constraint [l

Script
Function EvaluateConstraint
If StandardSeat Included Then
If StandardSeat ParameterValue mod 7 = 0 Then

EvaluateConstraint = True n
Else
Script Result = "Standard seats must be in rows of 7"

Bucket

Luxury e

EvaluateConstraint = False

EvaluateConstraint = True
End If
End Function

Floor Area Constraint B

Script
Function EvaluateConstraint

standardArea = 0
If StandardSeat Included Then

standardArea = 2*StandardSeat ParameterValue
End If
businessArea = 0
If BusinessSeat Included = 1 Then

businessArea = 2.5*BusinessSeat ParameterValue
End If
firstArea =0
If FirstSeat Included Then

firstArea = 3*FirstSeat ParameterValue

End If

TotalArea = standardArea + businessArea + fir

If TotalArea = 0 Then
Script. Result = "No seats chosen"
EvaluateConstraint = False

Elself TotalArea > 1000 Then
Script Result = "Too much floor space used"
EvaluateConstraint = False

Else
EvaluateConstraint = True

End If

End Function

Script

«excludesy

«requiresy

o

d

Bar

s’

Ve

Toilet Calculation [l

Toilets
=<

Bar Constraints

Script
Function EvaluateConstraint
EvaluateConstraint = False
f Luxury.Included Then
EvaluateConstraint = True
End f

If StandardSeat Included Then
If StandardSeat. ParameterValue > 50 Then
EvaluateConstraint = True

stSeat Included Then

if FirstSeat. ParameterValue > 0 Then
EvaluateConstraint = True

End If

nd If

If EvaluateConstraint = False Then
Script Result = "Must be Luxury or > 50 standard or have 1st class"
Endif

Script
Function EvaluateParameter
Toilets =0
If StandardSeat Included Then
Toiets = StandardSeat ParameterValue/30
End ff
If BusinessSeat.Included = 1 Then
Tolets = Toilets + BusinessSeat. ParameterValue/20
End ff
f FirstSeat Included = 1 Then
Toiets = Toilets + FirstSeat ParameterValue/10
End If
EvaluateParameter = Cint (Toilets)
End Function
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2 - Variant Selection

* Variant Selector
— Browser User Interface f varmseecor B LB L N D ook

— External Variation Points Only
— Jump to Next Decision/Problem
— Progress Bar

Wheel Choice 9

O Engine °

o U U Effecient
@ & O Fast

(J Effecient

Transmission type

NumberOfGears

* Decision Set Editor
— Variant Debug
— External & Internal Variation Points
— Jump to Next Decision/Problem

= =

* Both Edit the Same Decision Sets

Decision Sets.Engine Decision Se... X [ 04 Engine Variant Diagram X | Start Here® X | - x

v i|les|les | @K@ 0 !
®0 [ Name Decision Status. Included By Excluded By Reason
M E I A Wheel Choice Undecided

’-\:l [ Alley ? Undecided

La [steel ? Undecided
M E = A Transmission type Undecided

’-\Sl [ Luxuray ? Undecided

’-\B [ Medium confort ? Undecided

L4 [JRegular ? Undecided
M E 3 Atngine Included Automotive Drivetrain Example Effecient

] ? Automotive Drivetrain
Example.Engine.Altemative Choicel
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3 - Product Model Creation

» Auto-Create Product Models
— Applies Variability Decisions
— Unnecessary Variation Points, Variants & Base Model Artefacts Removed

QEngine °
oo Product
(V) ecient
e » Model
(1/4) ]

(N
A

Decision Set

» Creates New Product Model Branch, Original Product Line Model Retained

* Product Model suitable for Trade Studies, Simulation, Documentation & Generation
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3 - Product Model Creation

» Auto-Create Product Models (IBD)

IBD 03[IBD] Drivetrain System ConnectionsJ

Product Line Model

[Chassis]

Product Model

[Chassis]

: Petrol Bolt

(W Engine

© U ffecient - - :Flange1
YOOt -

/) |

[Prop Shaff . :Flange3 .
[ T
= Decision Set

[RearAxe]  BREEGS
:Flange2

Gasoline
Engine
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Model-based Product Line Engineering

Variable Parameters

bdd Truck Parts BDD
» Generated Product Model

bdd Truck Parts BDD

Se
..........................

- s el
- -
‘ City Truck LongDistance Truck
1|

Number of Load Axles
{StartMuttipicity Text}

1
S
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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

Pr'Od uct LI ne Sub-System 1 Sub-System 2 Sub-System 2 o

Models

Links via
Assets
Asset 1 Asset 2
Su b-system (Sub-System Model) (Sub-System Model)
. Asset 3

PrOdUCt Line : " (Sub-System Model)

Models
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Development Cost Reduction & Delivery Time Improvements PTC

« 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

SE

MBPLE

MBSE

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

Asseciation

Frangalie

d'Ingénierie
Sysréme

L'INGENIERIE SYSTEME
D'UNE LIGNE DE PRODUITS

Sous la direction de
Alain Le Put

Cépadués

Association
Francaise
d’Ingénierie
ysteme

SYSTEMS PRODUCT LINE
ENGINEERING HANDBOOK

An AFIS collective work
directed by Alain Le Put

I @ E 25" Anniversary.
AFIS Courtesy, specifically dedicated to
Matthew Hause, INCOSE PLE WG
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Questions and Answers

Thanks for your attention!

Speaker
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