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ABSTRACT
This paper proposes a surrogate-assisted evolutionary algorithm for
solving optimization problems with high calculation cost for con-
straint determination. The proposed method consists of CMOEA/D
that extends the ability of MOEA/D to deal with constrained opti-
mization problems and a surrogate evaluation model constructed
by a machine learning, extreme learning machine (ELM). To in-
vestigate the effectiveness of the proposed method, we conduct
an experiment on simultaneous design optimization benchmark
problem of multiple car structures developed by Mazda Motor Cor-
poration et al.. The experimental result revealed that the proposed
method can obtain optimal solutions faster than CMOEA/Dwithout
a surrogate model.
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1 INTRODUCTION
In these days of industry, multi-objective evolutionary algorithms
(MOEAs) that are robust and high exploration efficiency for multi-
objective optimization problems (MOOPs) with many constraints
have been studied. Mazda Motor Corporation, Japan Aerospace
Exploration Agency (JAXA) and Tokyo University of Science pro-
posed simultaneous design optimization benchmark problem of
multiple car structures with characteristics of a real-world prob-
lem [3]. Hereafter we call this benchmark problem as the Mazda
benchmark problem. The Mazda benchmark problem has 222 de-
sign variables, two objectives and 54 constraints, and it takes high
calculation cost to evaluate constraint values.

In this research, we propose an evolutionary algorithm with a
surrogate evaluation of constraints to solve optimization problems
with high calculation cost for constraints by reducing the number
of actual constraint evaluations. A surrogate model is constructed
by a machine learning technique, in particular extreme learning
machine (ELM) [2], and it is applied to CMOEA/D [1]. To investigate
the effectiveness of the proposed method, this paper compares the
proposed method with CMOEA/D without a surrogate model on
the Mazda benchmark problem.

2 SIMULTANEOUS DESIGN OPTIMIZATION
BENCHMARK PROBLEM OF MULTIPLE
CAR STRUCTURES

Simultaneous design optimization benchmark problem of multiple
car structures (Mazda benchmark problem) is constrained MOOP
proposed by Mazda Motor Corporation, Japan Aerospace Explo-
ration Agency (JAXA) and Tokyo University of Science. It has
thickness of three kind of cars (SUV, CDW, C5H) structures with
222 design variables (74 variables per model) and two objectives
that aims at minimizing the total mass of the car structures of
three models and maximizing the number of common parts be-
tween three models. In addition, this benchmark problem has 54
constraints (18 constraints per model) that are formulated by the
magnitude relation between the variables determined by the vehicle
body rigidity, low frequency vibration, collision performance and
design requirements.
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3 PROPOSED METHOD
CMOEA/D was proposed as an extended method of MOEA/D,
which is a decomposition based MOEA, for solving MOOPs with
constraints. CMOEA/D, however, requires enormous calculation
time for optimization in the case where the evaluation cost of
constraints is high. This research proposes a new MOEA that esti-
mates the constraint function values using the surrogate evaluation
model constructed by ELM in CMOEA/D. The proposed method
introduces a procedure to repeat the genetic operation until finding
a solution with small estimated constraint function values than a
certain threshold τ . The threshold τ is the worst constraint function
value among the population in the current generation. This proce-
dure contributes to reduce the proportion of actual evaluations of
infeasible solutions with high calculation cost, and improves search
performance of CMOEA/D.

This paper addresses the Mazda benchmark problem, and we
propose an ELM model to estimate the sum of constraint function
values for each type of car targeting the Mazda benchmark prob-
lem. This ELM model consists of a network of 222 inputs and 3
outputs (3d input and 3 outputs) and is formulated by the following
equation:

{ ˆCV SUV, ˆCVCDW, ˆCVC5H} = ELM(x)

≈
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4 EXPERIMENT
To investigate the effectiveness of the proposed method, we com-
pare the proposed method with CMOEA/D without a surrogate
model on the Mazda benchmark problem. We employ the evalua-
tion criterion used in the evolutionary computation competition
held in the 14th evolutionary computation symposium in Japan1.
This competition addresses the Mazda benchmark problem, and
compares the median HV of the final generation in 21 independent
trials. In order to calculate HV, the objective function values are
normalized as follows:

f
′

1 (x ) = f1 (x ) − 2.0 (2)

f
′

2 (x ) = f2 (x )/74 (3)

f1 is the objective function to obtain the total mass, while f2 is
the objective function to find the number of common parts. HV is
calculated with the reference point at (1.1, 0).

Figure 1 shows the transition of HV for each generation. The
horizontal axis represents the number of generations with actual
constraint evaluations, while the vertical axis represents the HV
value. Figure 2 shows the obtained solutions in the median HV
trial. The horizontal axis represents the number of common parts,
while the vertical axis represents the total mass. From Fig. 1 and
Fig. 2, it is indicated that the CMOEA/Dwith ELM can obtain higher
HV value and better solutions quicker than CMOEA/D without
ELM. In particular, the proposed method can find feasible solutions
quicker than the conventional one. From this result, it is revealed
that the combination of CMOEA/D with the ELM surrogate model

1Evolutionary computation competition 2017. http://is-csse-muroran.sakura.ne.jp/
ec2017/EC2017compe.html (in Japanese).

Figure 1: The transition of HV for each generation

Figure 2: The obtained solutions in the median HV trial

accelerates the convergence speed on the optimization problem
with many constraints.

5 CONCLUSIONS
In this research, as a solution to the constrained MOOP with high
evaluation cost, we proposed a MOEA with a surrogate evalua-
tion model constructed using ELM. The constructed ELM model
estimates constraint function values, and solutions that have low
estimated constraint function values are selected for the actual high
cost evaluations.

To investigate the effectiveness of the proposed method, the pro-
posed method and the conventional method without a surrogate
evaluation model are compared. The experimental result revealed
that the proposed method can obtain obtain a solution set with bet-
ter objective function values faster than the conventional method.

In the future, we plan to apply the proposed method to other
MOOPs and attempt other conditions to select solutions for actual
evaluation.
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