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Product Line Engineering (PLE) Concept

» Product Line
A family of similar products with variations in features and functions.
» Product Line Engineering

The engineering of a product line using a shared set of engineering assets, a managed

set of features, and an efficient means of production ...

@ Why is PLE Important?
- Taking advantage of the commonality shared across N2 N o
PLE is important because organizations

the famlly that practice it are experiencing
o : : YAl remarkable strategic business and
- Efficiently and systematically managing the variation technical beneits. Examples of benefits
among the products

include faster time fo market (up to 10x),
reduced cost for building and delivering
a product (up to 10x), increased product
line scalability (up to 5x), and increased
product quality (up to 10x).

http://productlineengineering.com
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Product Line Engineering Challenge

» The rise of systems complexity, high and increasing needs of the variety of product
lines, customized products, or different designs for trade study analysis.

» Develop a complex system at a lower cost and shorter time-to-market.
» Opportunistic, isolated reuse (copy paste) and high non-recurring engineering
» Concurrent engineering and knowledge transfer

» An increasing number of possible features in a feature model and quantity of variation
points in a system model can increase the dimension of solution space. Manually trade
off is time and cost consuming and error-prone. o I
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Solution to the challenge

MBPLE with genetic algorithm (GA)

» Allow users to model product lines in industry standard or de facto standard
formats.

» Optimizing system architectures, performing trade-off studies, performing
verification & validation, and promoting the development of cohesive operational,
functional and physical architectures of the system.

» Helping establish meta-model consistency and traceability of the different
engineering artefacts

» Automation in the component selection of design synthesis in MBSE
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Building 150% Model Selecting Components
I vith MBPLE and for 100% Model with »
Producing 100% Model Genetic Algorithms

Methodology

. 1. Encode 100% Model to
1. Building Feature Model Chromosome

2. Building 150% Model with

Variation Point and Feature Impact 2. Create Alternative solution

3. Define Variant Configuration 3. Fitness evaluation

4. Producing 100% Model with
Variant Realization

4. Get best solution
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Feature Model and Configurations

No. Feature StandardCar

1 Engine

2 Chassis

3 Wheel

A SunRoof Not Ex

5 Spoiler

6 Lamp Exist

7 FilementBurnoutDetector | Exist

8 AutolevelingMotor Not Exist

9 Door 4 Doors 2 Doors

| bdd [Package] 1. Feature Model[ [§ Complex Feature Model Simpified 1)

bdd [Package] 2. Configuration | & Configuration Simplified ]

Exterior = Mainstream exterior

Interior = Mainstream interior
numbDoors = 4

afety = Mainstream safety
SunRoof = false

Transmission = SixSpeedManual
Turbo = false

‘Engine = Diesel20

Headlamps = Mainstream headlamps

=

 Engine = Gasoline22
Exterior = Fancy.exterior
Foglamps = Fancy headlamps

Interior = Fancy.interior
numbDoors = 2

Safety = Fancy safety
SunRoof = true

Transmission = SixSpeedDSG

Headlamps = Fancy.headlamps

Turbo = true /

«rfgn
ComplexFM

{(self.numDoors) < 6 and (self.numDoors > 1),
self Interior. HeatedSeats xor self Safety ABS)

aitnbutes
«f»-Engine : EngineEnum [1]
«fs-Transmission : TransmissionEnum [1]
«fa-Exterior : Exterior [1]
«fa-Interior : Interior
«fs-Safety : Safety [1]
«fs-Headlamps : Lamps [1]
«fs-SunRoof : Boolean [1]
«fs-numDoors : Integer [1]
«fs-Foglamps : Lamps [0..1]
«fs-NewCompositeFeature : NewFeatureGroup [1]
«f»-Turbo : Boolean [1]
«f»-newChoice : Boolean

Example of Feature Model

Example of Configuration Defined

5
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Completed 150%

Model to 100% system Model

bdd [Package] 2. System Model[ [ System Model Smplified 1)

bdd [Package] 2. System Model[ System Model Simplified ]J

@ «blocks
«SOb
Car
constramnts
“sum : total

parts
*subMass : MassRollupPattern [*}union;
«GAGenes spoiler : Spoiler [1}{subsets subMass}
1GAGenen sunRoof : SunRoof [1}{subsets subMass}
(GAGene» door : Door [2..4}{subsets subMass)
«GAGenes wheel : Wheel [msubsels sub!vuss)
S

powerCalculation : Power Ca!euiatuon(subsets sut;Hass)
«GAGene» chassis : Chassis [1}{subsets subMass)

values

«moen /maxMass : msss{kioqravnf'unn kilogram)

«moes /maxOs OwWer - Huni = horsepower)
«moex /maxSpeed ° sj eeqkiomﬂre per hour] u'nt chmetre per hour}
«FiinessValues /fitnessValue ; Real

«GAGene» |{subsets subMass}
engin@y 1 A

{subsets subM
«blocks lamp |2
Engine ¢ oF
values eblocks
engineCapaciy : capacity[cubic centimetre] Lamp

ass)

)
«GAGenes |{subsets subM ass}
filamentBurnoutDetector |1

«blocks
Gmlme chnl FilamentBurnoutDetector

e e
- R g

«GAGeney |{subsets subM ass}
auto!e'vehyMotor 1

ablockx»
«SOl»
Car

constraints

“sum : total

parts
“subMass : MassRollUpPattern [*}{union}
«GAGene» door : Door [4}{subsets subMass)
«GAGene» wheel : Wheel [4}{subsets subMass}
speedCalculation : Calculation{subsets subMass}
powerCalculation : Power Calculation{subsets subllass)
«GAGenes chassis : Chassis [1}{subsets sublass}

values
“mass : Real [1]
“ftotalMass : Real
bodyColor : BodyColorEnum = SuperBlack
«moex /maxMass : mass[kiogram}{unit = kilogram}
«moe» /maxOutputPower : output power{horsepower}{unit = horsepower;
«moexs /maxSpeed : speed[kilometre per hourf{unit = kilometre per hour}

150% Model with Variation Point

«FitnessValues /fitnessValue : Real

«GAGene» |{subsets subMass}
«GAGenes |{subsets subMass} turboDiesel 1

lamp cbbd(‘ »
<FaiingSystems TurboDiesel
«block» values
Lamp engineCapacity : capacity[cubic centimetre}{redefines engineCapacity}
«GAGene» fisul subM ass}
filamentBurnoutDetector | 1
«blocks
FilamentBurnoutDetector

5

Example of 100% Model of StandardCar \/ariant
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100% system model with RNL tree encoding

bdd [Package] 2. System Hodell [ System lodel Simpified ] ]

«blocks
«SOb
Car

constrants

“sum : total

parts

“subMass : MassRolUpPattern ["}{union}

«GAGenes spoller : Spoller [1}{subsets subliass)

«GAGenex sunRoof : SunRoof [1}{subsets subMass)

«GAGenes door : Door [2{subsets subMass)

«GAGenes wheel: Wheel [4{subsets subMass)
< Ci {s subMass)

ion : Power Ci {s subMass)
«GAGenes chassis : Chassis [1}{subsets subMass}

“mass : Real [1]

“ftotalMass : Real

bodyColor : BodyColorEnum = CayenneRed

«moes /maxMass : mass]kiogram}{unt = kiogram)
output

amoes /max0 pL funit = h
«moes /maxSpeed : speed(kiometre per hourj{unt = kiometre
«FinessValuey /ftnessValue : Real

wblocks
«GAGenes |{subsets subl ass) i
«GAGenes |{subsets subMass} engine |1
lamp |2 «blocks
«FailingSystems AtmoGasoline
«blocks vaioes
Lamp i (redefines engineCapacity
«GAGene» |{subsets subMass} «GAGenes |{subsets subMass}

autoleveinglotor | 1 filamentBurnoutDetector |1
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Fitness Function derived from requirements

par [Block] Trade Study Anaiysis weh GA[ [ Trade Study Anaysis for Finess Functon | |

«requirements «requrements «requirements
{ Munuu- qumuml‘ow | ww
[ld="SR_1.3" Id="SR_1.4" ld="SR_15"
| Text = "The maximum mass Text = "The maximum Text = “The maximum
of the car shall be less than output power of the car shall speed of the car shall be
or equal to 2000 kg.* be less than or equal to 250 less than or equal to 200
horsepower.” kph.”
Legend B[ System Requir
7 Satisfy i

8l Door Count for Farcy Car

I Car [2. System Model]
i [V fitnessvalue : Real
[m) /maxMass : mass{kilogram)

[l /maxOutputPower : output power{horsepower]

- [3) /maxSpeed : speed|kilometre per hour)

& Door Count for Mainstream Car

[ Systemn Requrement [T}

& No SunRoof for Manstream Car -

fitness Function : Fitness Funcion |~ 7 R ==
Fitnes: o «moes
powerFitnessFunction : Power Fitness Function bl |
erRato * Math abs{1.0 2 -
Soosebouec [ e
il —l
— powerRatio : Real | |
xconstrants
massFitnessFunction : Mass Fitness Function currentifass
Rato * Math abs(1.0 - Math
fenessifass ]
Hl ok oo [massTarget: Real
—{massRato r Ratio : Real I
" o amoes
speedFitnessFunction : Speed Fitness Function currentspees o
eedRato * Math abs(1 0 - Math ) e hoord
—flaraetSpeed | speedTarget: Roal
feue
MnessPower S
on : Fitness i
1106354088 (finess - finessSpoed + finossilass « finessPower) —{ftness i =
[ ol L
finessSpeed ::)

Satisfy MOEs to Requirements

Parametric Diagram of Fitness Function

D?S DASSAULT

SUSTEMES



Document_2020

© Dassault Systemes | Confidential Information | 4/11/2021 | ref.: 3DS

18

Result of automatic components selection
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Fitness evaluation

Chromoso MOE Fitness Value
me maxMass(kilogr | maxQutputPower( | maxSpeed(kilome
am) hp) ters per hour)
['B.'A", 'B', | 1755.62 250 151.09733076958 0.8533053269239
‘B, 'C', 'B, 52 63
'D,'C.'C']
['B.'C.'C', | 1749.38 250 151.27677120403 | 0.8531299280100
'B', 'B. 'D', 66 915
'A','D', 'C']
['B,'A'A", | 1724.14 250 152.01138747111 0.8524424686777
'Al, 'C', 'B', 003 75
|Al‘ 'Ay, PCIJ
['B.'A", 'B', | 1722.82 250 152.05020054249 | 0.8524075013562
'B', 'A', 'B, 442 36
LA CY
['B,'C, 'A, | 1246.9 250 169.35177668663 | 0.8480694417165
'Cl, 17 793
'B', 'B','A"]
?g DASSAULT
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Example at a glance

bad (Package] 1. Feature lodel] [ Complex Feature odel Smoifed | bdd [Package] 2. Configuration [ [ Configuration Smpified 1}

atgn
Complexfi

f(seit numDoors) < & and (seit numDoors > 1),

self bterior HeatadSeats xor seif Safety ABS)

11-Engine _ Engneknum (1]

fo-Transmasion - TransmussionEnum (1]

Document_2020

«rfgs
"

Engine = Diesel20
Exterior = Mainstream exterior

Headlamps = Mainstream headlamps

Interior = Mainstream interior
numDoors = 4

arigs
e .
Engine = Gasoline22
Exterior = Fancy.exterior

Foglamps = Fancy headlamps
Headlamps = Fancy.headiamps

Interior = Fancy.interior

Safety = Mainstream safety numDoors = 2 =
SunRoof = false Safety = Fancy.safety T
Transmission = SixSpeedManual SunRoof = true

Turbo = false

Transmission = SxSpeedDSG
Turbo = true

Variant realization transformation
Get 100% system Model

Feature Model

Define recorded Model 150% Model

configurations
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Result
Get best solution

100% system model with

Fitness evaluation RNL tree encoding

Fitness Function derived
from requirements

Chromuo MOE Fitness Value b
me maxMasshilogr | maxOuiputPawer( | maxSpeed(kilome
am) ) ters por hour)
1755.62 250 151.09733076958 | 0.8533053269239 -
- o 1, Lanel TR TR 11 1, 17060 1 1, 11 T T Tasss1.
1749.38 250 5127677120403 | 0.8531299250100 |
66 915
T ™0 TSZORATIIT | DESTHII686777
e —
172282 250 152.05020054249 [ 0.8524075013562
2
il o Z_Joments «requirements 1 sa
12469 250 169,331 77668663 | 0.8480694417165 e Maximum Mass Maximum Power Maumum Speed
C 17
| B BA] | Id="SR_1.3" ld="SR_1.4" Id="SR_1.5"
Text = "The maximum mass Text = "The maximum Text = “The maximum _LT
WA W3 W of the car shall be less than output power of the car shall speed of the car shall be 'S
— = or equal to 2000 kg.* be less than or equal to 250 less than or equal to 200
g Koh-
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Take away

» GA s not only solution for optimization problems. This paper shows how to
connect system model and optimizations algorithms through knowledge
abstraction from system model with encoding and decoding.

» The examples of the other optimization algorithms that can be extended from this
paper is Pareto NSGA-II

» The most important point in optimization or searching problem in system
engineering (MBPLE) is how we extract knowledge from system model or
system design including requirement, design, coding, constraints,
formula...
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