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A Two—tier Optimization Approach for Decision Making in Many—objective
Problems
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Abstract

This paper proposes a novel two-tier optimization approach for decision making in
many-objective problems. Because the Pareto—optimal solution ratio increases exponentially with
an increasing number of objectives, simply finding the Pareto—optimal solutions is not sufficient
for decision making in many-objective problems. In other words, it is necessary to discriminate
the more preferable solutions from the other solutions. In the proposed approach, user
preference-oriented as well as diverse Pareto-optimal solutions can be obtained as candidate
solutions by introducing an additional tier of optimization. The second tier of optimization
employs the corresponding secondary objectives, global evaluation and crowding distance, which
were proposed in previous works, to represent the users preference to a solution and the
crowdedness around a solution, respectively. To demonstrate the effectiveness of the proposed
approach, decision making for some benchmark functions is conducted, and the outcomes with
and without the proposed approach are compared. The experimental results demonstrate that the
decisions are successfully made with consideration of the users preference through the proposed
approach.
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M: The number of objectives

N': The number of solutions
= {01,092, - ,0pr}: A setof objectives
P(O): A power set of O

objective

e ¢(xy,): Global evaluation value of the k-th soluti

. Fuzzy measure identification
1: foreach A € P(O) do
2 Calculate fuzzy measure g(A)
3: end for
. Global evaluation of the solutions
4 fork=1,2,...,Ndo
5: fori=1,2,...,M do

on

6: Calculate h;(Xg)

T end for

8: end for

9. fork=1,2,...,Ndo

10: e(xg) = [ g o h(Choquet fuzzy integral)
11: end for
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e M: The number of objectives

e N: The number of solutions

o O={o1,02, - - ,0p}: Asetof objectives

e f:(x;): The objective function value of the k-th solution over the|
i-th objective

e CDj: The crowding distance of the k-th solution

fork=12...,Ndo

1
2 CDr =0
3 fori=1,2,...,M do
4: Sort the solutions with respect to f; (Xy)
S5t CDy = CDy + 100
6: CDy =CDy + 100
7: forj =1,2,...,N—1do
8: CD; = CD; + fi(xj41) — fi(xj—1)
9: end for
10: end for
11: end for
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DTLZ6 |3.719 | 0.001 | YES | D,.., —Dyitpons >0
DTLZ7 |7.145|0.000 | YES | D,.., — Dyitnons >0
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