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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 … 

- Taking advantage of the commonality shared across 

the family

- Efficiently and systematically managing the variation 

among the products

http://productlineengineering.com
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4

PLE workflow

shared PLE assets
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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. 
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Solution to the challenge

 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

MBPLE with genetic algorithm (GA)
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Methodology

Building 150% Model 
with MBPLE and 
Producing 100% Model 

1. Building Feature Model

2. Building 150% Model with 
Variation Point and Feature Impact

3. Define Variant Configuration

4. Producing 100% Model with 
Variant Realization

Selecting Components 
for 100% Model with 
Genetic Algorithms

1. Encode 100% Model to 
Chromosome

2. Create Alternative solution

3. Fitness evaluation

4. Get best solution
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Feature Model and Configurations

Example of Configuration Defined 

Example of Feature Model

1

2
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Completed 150% Model to 100% system Model

Example of 100% Model of SportCar Variant

Example of 100% Model of StandardCar Variant
150% Model with Variation Point
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100% system model with RNL tree encoding

Root-Node-Leaf Tree 
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Fitness Function derived from requirements 

Parametric Diagram of Fitness Function

Satisfy MOEs to Requirements 
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Result of automatic components selection

BOM (Bill of Materials) 

Encoded 100% System Model

Fitness evaluation
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Example at a glance 

1

56

2 43

Feature Model
Model 150% Model

Define recorded 
configurations

Variant realization transformation
Get 100% system Model

100% system model with 
RNL tree encoding

Fitness Function derived 
from requirements 

7

Fitness evaluation 

8

Result 
Get best solution
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Take away
 GA is 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…



©
 D

as
sa

ul
t S

ys
tè

m
es

 | 
C

on
fid

en
tia

l I
nf

or
m

at
io

n 
| 

4/
11

/2
02

1
| r

ef
.: 

3D
S

_D
oc

um
en

t_
20

20

21


