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Mazda benchmark problem was presented in GECCO2018.

Proposal of Benchmark Problem

Based on Real-World Car Structure Design Optimization*
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ABSTRACT

A benchmark problem based on a real-world car structure design
optimization' is proposed. The benchmark problem is constructed
by using a response surface method from the design optimization
result of a car structure design optimization problem. Because this
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1 INTRODUCTION

In [1]. the authors conducted simultaneous car structure design
optimization of multiple car models. i.e.. sport utility vehicle
Mazda CX-5 (SUV). large vehicle Mazda 6 (LV), and small

Benchmarking Multiobjective Evolutionary Algorithms and
Constraint Handling Techniques on a Real-World Car Structure
Design Optimization Benchmark Problem

Hiroaki Fukumoto
Institute of Space and Astronautical Science, JAXA
Sagamihara City, Japan
fukumoto@flab.isas.jaxa.jp
ABSTRACT

While many of real-world industrial design problems involve sev-

eral constraints, researches on multiobjective evolutionary
rithms (MOEAG) for problems with many constraints or the bench-
mark problems themselves are limited. The novel constrained mul-
tiobjective optimization benchmark problem based on a real-world
car structure design optimization problem, termed Mazda CAMOBP,
has more desirable characteristics as a constrained benchmark prob-
lem than the existing ones. The experimental results with 12 con-
strained MOEAs on this problem suggest the importance of bal-
ancing all of three factors of convergence, diversity, and feasibility
and knowledge of proper settings of not only MOEA and CHT but
also these parameters are imperative for application of MOEAs to

Akira Oyama
Institute of Space and Astronautical Science, JAXA
Sagamihara City, Japan
oyama@flab.isas.jaxa.jp

they are so-called constrained multiobjective optimization prob-
lems. For multiobjective optimization problems, MOEAs have been
regarded as promising approaches. MOEAs are metaheuristic ap-
proaches and so the performance of MOEAS is usually assessed
by experiments using benchmark problems. Howeve
searchers point out[4, 10], many of the existing cons
mark problems have some undesirable characteristics as the prob-
lems used for development of MOEASs on the real-world industrial
design optimization problems

Against such a background, Kohira et al. [8] proposed a novel
constrained benchmark problem termed Mazda discrete multiob-
jective optimization benchmark problem (Mazda CAMOBP). Ac-

AS some re-

ned bench-

cording to the authors, this problem has desirable characteristics

benchmark problem bases on actual car structure design vehicle Mazda 3 (SV). While satisfactory result was obtained by

Report of the first evolutionary computation competition is on the
Journal of the Japanese Society for Evolutionary Computation

86 MEALGHESE S0 EE Vol.9 No. 2 (2018)
X/
HEALETE O v RT ¢ >3 2017 Bl

Report of Evolutionary Computation Competition 2017

Kl F kil
Akira Oyama Insiute of Sp:

oyama@flab.isas.jaxa.jp, https://ladse.eng.isas.jax

keywords: competition, real-world problem, Mazda benchmark problem

y

Evolutionary computation competition 2017 was held in December 9, 2017 in conjunction with evolutionary
computation symposium 2017. It was confirmed that evolutionary algorithms can discover good designs of the design
optimization problem of vehicle structures provided by Mazda motor company. Nine teams participated in the single-
objective optimization division and eleven teams in the multiobjective optimization division. Prof. Shinya Watanabe’s
team from Muroran Institute of Technology won in the single-objective optimization division, Prof. Isao Ono’s team
from Tokyo Institute of Technology won in the multi-objective optimization division. The industrial use special
prize was awarded to Dr. Tomohiro Harada’s team from Ritsumeikan University. In the single-objective design
i on division, the groups using evolution strategies found good Pareto-optimal solutions. In the multiobjective
optimization division, the groups who found good Parcto-optimal designs studied characteristics of the benchmark
problem very much and implemented the most suitable optimization algorithm. Mazda benchmark problem has many
severe constraints and thus feasible design space is strictly limited. Some teams used special techniques such as e
constraint method. Current result indicated that balance between search in feasible region and infeasible region may
be important for constrained design optimization problems.
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Lunar lander landing site selection problem was presented in the
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5th optimization in Space Engineering Workshop as well.
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Recent progress on Lunar landing site selection to be presented
In EC symposium 2019
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Wind turbine design optimization problem is to be presented
In EC symposium 2019
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Purpose of the competition

1)



B Evolutionary Computation has been developed and improved
based on artificial benchmark problems.

B Prof. Ishibuchi (CEC2019) pointed out the state-of-the-art ECs
are designed to solve such problems very efficiently.

B However, real-world problems are totally different from the
artificial benchmark problems

B EC should be developed based on performance on real-world
problems

B Objective of this competition is to provide real-world
benchmark problems for evolutionary computation

Regular Pareto Front Shape 1s not Realistic

Hisao Ishibuchi, Linjun He, Ke Shang
Shenzhen Key Laboratory of Computational Intelligence, University Key Laboratory of Evolving Intelligent Systems of
Guangdong Province, Department of Computer Science and Engineering,
Southern University of Science and Technology (SUSTech), Shenzhen, China
hisao@sustech.edu.cn, helj@mail sustech.edu.cn, kshang(@ foxmail.com

Abstract—Performance of evolutionary multi-objective and When the performance comparison is based on test
many-objective optimization algorithms is usually evaluated by problems, algorithm development tends to be driven by the
computational experiments on a number of test problems. Thus, characteristics of the test problems [6]. For fair performance
performance comparison results depend on the choice of test  comparison and healthy algorithm development. it is needed to 8

roblems. For fair comparison, it is needed to use a wide variety
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Wind turbine design optimization problem

Single or five objective optimization problem
Thirty-two design parameters

Twenty-two constraints

Objective function is evaluated using OpenMDAO
developed by NASA and WISDEM developed by
NREL.

It takes about 3 seconds to evaluate one design

candidate.



Real-world benchmark problems
(from private e-mail from R. Tanabe)

1. Problems where objective/constraint functions are explicitly
expressed by formulas

B Easy implementation

B Are they real-world problems?

2. Problems where objective/constraint functions evaluator is
provided

B Real real-world problem

B Implementation takes time

B Sometimes too expensive for algorithm development

3. Problems where approximate response surface model is used

B Real real-world problem

B Easy implementation

B Approximation error .



Maximum number of evaluations is 10,000.

Median value of twenty one trials with different
random numbers for initial population generation or
optimization algorithm is evaluated.

For the single-objective optimization, evaluation
bases on median value of the power generation cost.
For the multi-objective optimization, evaluation

bases on median value of hypervolume (HV).
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Entries

Eight entries for single-objective optimization category

ZHERF
s01 |Farah Fairuz Zahirah, FPIE}F, FKEL Nagoya Univ.
s02 |Kamrul Hasan Rahi, Hemant Kumar Singh, Tapabrata Ray Univ. New South Wales
s03 | E& A& & BHMIERT
sO4 |HIER, NERTF AT
s05 |Jernej Zupancic, Aljosa Vodopija, Tea Tusar, Erik Dovgan, Bogdan Filipic|Jozef Stefan Institute
s07 |®M =— REMIAS
s08 |fMn@E #htb. #kA —&. /I Iy HERIEKRY

Seven entries for multi-objective optimization category

m02 |/NMEXR, 77> =v 777X, {EHEKL N NES

m03 |[BEHHEA, TEHEE, gEHBN, BLUEE, FAAL, Yiping Liu KBRFILKRF

mO04 |Ahsanul Habib, Tapabrata Ray, Hemant Kumar Singh Univ. New South Wales
mO05 |Jernej Zupancic, Aljosa Vodopija, Tea Tusar, Erik Dovgan, Bogdan Filipic|Jozef Stefan Institute
m07 |B0 &£, FA &L A EERF EHHPAFER




Single-objective optimization category

s0l |BEHEKXRFE

s02 |Univ. New South Wales
s03 |BEMIZEKRF

s04 |BEERKRF

s0b |Jozet Stefan Institute
s07 |[EBHILKFE

s08 |mRIEKRF

Evolutionary algorithm
Infeasibility Driven EA
Differential Evolution
Differential Evolution
JDE

Differential Evolution

Evolutionary Strategy

14




Multi-objective optimization category

m02

m03

NN

m04

Univ. New South Wales

m05

Jozet Stefan Institute

mO/

UMEAY gmisrss

Differential Evolution
MOEA

MOEA/DE

NSGA-II

MOEA/DE
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Introduction of algorithms
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5:00 second bell

m02 [T EKZF
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m04 |Univ. New South Wales
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