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Abstract

A sequencing problem is one to find an ordered sequence of some entities which maximizes (or minimize) some

objective function. This paper introduces a new type of sequencing problems, named a sequencing problem with

Juzzy preference relation, where a fuzzy preference relation is provided for the evaluation of the quality of

sequences. It presents how such a problem can be formulated in the point of objective function. In addition, it

proposes a genetic algorithm applicable to such a sequencing problem.
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1. Introduction

In everyday life, we often confront with the problems
that order some number of entities in a sequence and
the ordered
Depending on the ordered sequences of entities, we

then process them in sequence.
get different benefits from their sequenced processing.
We call such problems, to find an ordered sequence
of some entities which maximizes (or minimize)
some objective function, sequencing problems. As
the typical examples of sequencing problems, there
exist traveling salesman problem, single machine job
scheduling, job shop scheduling, flow shop
scheduling, and so on.[1][3] Although these examples
have different evaluation criteria and different kinds
of entities to be sequenced, they in nature belong to
the class of sequencing problems.

This paper has interest in a new class of
sequencing problem where a fuzzy preference
relation is provided for the evaluation of the quality
of sequences. A fuzzy preference relation contains
information about how much preferable an entity is
one[6]{8][9].
domains. it is

sequenced earlier than another

According to the application
determined how to use the fuzzy preference relation
in the quality evaluation of sequences. From now on,

such a sequencing problem is referred as a

sequencing problem with fuzzy preference relation.

In this paper, we present in detail the sequencing
problem with fuzzy preference relation and how to
use fuzzy preference relation in the quality evaluation
of sequences. It is known that sequencing problems
belong to the NP-complete problem class[1][3]. A
sequencing problem with fuzzy preference relation is
also an NP-complete problem since the conventional
sequencing problems can be regarded as a special
case of the
preference relation[3]. Thus, in order to solve such

sequencing problems with fuzzy
sequencing problems with fuzzy preference relation,
we propose a method to apply a genetic algorithm to
them.

The paper is organized as follows: Section 2
presents the sequencing problem with fuzzy
preference relation and Section 3 reviews the fuzzy
preference relation. Section 4 briefly introduces
genetic algorithms and Section 5 proposes a genetic
algorithm for the sequencing problem. Section 6
presents some experiment results to show the
applicability of the proposed method. In final,
Section 7 draws the conclusions.

2. A Sequencing Problem with Fuzzy Preference
Relation

' The research was partially supported by ChungBuk National University Research Foundation, Korea.
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A sequencing problem with fuzzy preference relation
is described as follows: There are »n entities to be
sequenced and a fuzzy preference relation is given to
represent fuzzy preference degrees for each pair of
these entities. Depending on the situations, such
fuzzy preference degrees may indicate the degree of
preference for which an entity is processed before
another one, or may indicate the amount of credit for
which an entity precedes another one. The objective
of the probiem is to find an ordered sequence of
entities which satisfies maximally the given objective
(e.g., gives the highest preference).
For the convenience’s sake, let’'s use the

following notations:

T=41,2,3,..,n}:

P =UpCi,.

Jpij) € [0.1]:

the situation that entity / precedes entity j

S =(t, £, ..., 1,) . an ordered sequence of entities
el i=1,....n)

the fitness of the sequence S as the optimal

the set of given entities
fuzzy preference relation
fuzzy preference degree for

C(Sy:
solution (i.e., objective function)

In this sequencing problem, various kinds of
fitness evaluation methods for sequences can be
can be
classified into two approaches: The first approach is

considered. Those evaluation methods

to compute the fitness by taking account of the
preference degrees of adjacent entities in the

sequence. The following shows some fitness
evaluation methods based on the approach:
C(S)=2 fpii+1) (H
)
C(S):r{{iln Solisi+ 1) )

C(S)=amin folii +1)+(1-a)max fpli.i+1) (3)

The second approach is to evaluate the fitness c(¢;) of
each individual entity ¢ in a sequence S and to
aggregate them in order to obtain the overall fitness
C(S) of the sequence S. The fitness of an individual
entity can be defined as the contribution of the entity
to the others in the sequence. We can consider two
sorts of contribution of an entity: following credit and
preceding credit. The following credit cft) of an
entity /, denotes the contribution of the entity to its
leading entities { #,, £,, ..., £,,} in a sequence S = (¢,
ty, v topn b oo, ). The preceding credit c(t) of an
entity 1, denotes the contribution of the entity to its
subsequent entities { ¢, £.,, ..., £,} in a sequence S =

(s by s By By es 1)

AN 7\ /

following
credit

preceding
credit

Figure 1. Following credit and preceding credit
The following shows some methods to evaluate

the following credit c(¢) of an entity ¢, in a sequence
S =ty by ey 1)

eft) = min{ o) | < i} @)
eft) = max{ fp(i 1) | < i} 5)
eft) = amin{ fpGi,i)j < i} +

(1-a) maxi (i) | < i} ©)
ct) =T, fpi0) ™
L) = 2 0D (®)

The next shows some methods to evaluate the
preceding credit ¢,(¢) of an entity ¢, in a sequence S =
(1, by s 1)

cp(8) = min{ fp(ij) |j > i} %)
c (1) = max{ fp(ij) |j > i} (10)
c,(t) = omin{ fp(i))|j > i} +

(1-ay max{ fp(ij) |j > i} (I
et = TL., fpli) (12)
(1) = B, J0C0)) (13)

The fitness c(¢) of an individual entity ¢, can be
defined by using the following credit and the
preceding credit as follows:

i) the cases that consider only the following credits

ot) = cft) (14)
il) the cases that consider only the following credits
ot) = ¢ft) (15)

ii1) the cases that consider both

ot) = PBelt)+ye (1) (0<Bys<1l) (16)
The parameters o and y make it possible to
reflect relative importance of both credits.

The following presents some methods to aggregate
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the fitness ¢(z,) of individual entities in order to obtain
the overall fitness C(S) of a sequence S.

CS)y=min{c(t)|i=1,.., n} (17
C(S)=Z, c(1) (18)
C(S) = amax{c(t) |i= 1, ..., n}+

(I-a) min{c(t) | i=1, ..., n} (19)
CS) =X, welt), w;: weight factor (Z, w, = 1) (20)
CS) = OWA(e(t), i=1,...mw,j=1, .., n) 2n

OWA: order-weighted aggregation operator[14]

3. Fuzzy Preference Relation

A relation R on a domain XxV is defined as a set of
ordered pairs R = {(xy)| (x.y) € XxY}. A fuzzy
relation R on a domain XxY is a relation whose
element has a membership degree ranged in the
domain [0,1]. i.e., R = {((x,3), w(x ) | (x.y) € XxY,
w(x.y) € [0,1]}.[2][14] A preference relation on a
set is a relation to represent whether or not one
element is completely preferred to another one. On
the other hand, a fuzzy preference relation is a fuzzy
relation where a preference degree is represented by a
value in the interval [0, 1] instead of {0, 1}.

In practical applications, the fuzzy preference
relations are determined subjectively by decision-
maker or computationally by some criteria or some
evaluation measures. Depending on the situations, the
fuzzy preference relations may be max-min or max-
product transitive[ 14], i.e., p,(x,z) = {1(x,3), pu(x,2)}
OF Hy(x,2) 2 Wlx,y)-up(x,2), for x, y, z € X. The fuzzy
preference relations may be a compensatory to unit
relation satisfying the next two conditions: p,(x,3) +
Werx) =1, forx, ¥y € X, and uy(x,x) = 0.5 forall x
X.LI0J[TH][12][13] Table 1 shows a fuzzy preference
relation which is a compensatory to unit relation.

Table 1. A fuzzy preference relation

I 2 3 4 3 6 7 8 9 10
| 05100]01f[06]09[08]05[08]|05]00
2 10105]05100]07[]02]03{08 [05]08
3 109105[05103[04705106]03]08]07
4 104110107 (05102[09104]09106]07
5 1011030608 [05[02[07]04(09]06
6 [02]108105(01]08[05[09[08]097]00
7 105107]04(06]03[01]05][03]06]0.1
8 102]102[0701106[02{071051]00]009
9 105]05]02(04]01]01]04[10]05]04
10 1 10f02]03]03])04]10]09]01]06]05

4. Genetic Algorithms

Genetic Algorithms are search algorithms based on
the mechanics of natural selection and natural
genetics.[4][5] Motivated by the biological adaptation,
they generate a new set of chromosomes (i.e.,
candidate solutions) from parent chromosomes via
stochastic operation. Chromosomes with high fitness
values survive and those with low fitness values die
off generation to generation. While randomized,
genetic  algorithms efficiently exploit historical
information to speculate on new search points with
expected improved performance. The building block
hypothesis and the schemata theory provide the
theoretical support that genetic algorithm approach
can find optimal or near-optimal solutions.[4][5]

In order to use genetic algorithm approach to
solve some problem, the following components of
genetic algorithm should be developed: The first
component is Encoding Scheme. Each chromosome
corresponds to a candidate solution and should have a
format to which genetic operators can be applied.
Thus we should develop some scheme to represent
candidate solutions in coded strings (chromosomes).
The second component is Genetic Operators. Genetic
operators take charge of creating new chromosomes
from the existing chromosomes. Crossover and
mutation are the typical genetic operators in the
genetic  algorithm literature: Crossover operator
forms new chromosomes by interchanging substrings
of two existing chromosomes. Mutation operator
produces a new chromosome by randomly replacing
a symbol of an existing chromosome with an
alternating  symbol. The creation of new
chromosomes by genetic operators drives the search
for the optimal solution. Therefore we should invent
some genetic operators like crossover and mutation
appropriate to the given problem domain and the
employed encoding scheme. The third one is
Population Initialization. A well-initialized popula-
tion helps genetic algorithms to find desirable
solutions more easily and faster than does a poorly-
initialized one. Thus we need a deliberate method to
create an initial population. The last one is
Evaluation Function. During the operation of genetic
candidate

solutions) are evaluated to see how they are proper as

algorithms, all chromosomes (i.e.,

the solution of problem. Therefore we have to
develop a function to evaluate the fitness of candidate
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solutions.

In general, genetic algorithms consist of the
following steps:

Step 1. Initialize a population of chromosomes.

Step 2. Evaluate the fitness of each chromosome.

Step 3. Create new chromosomes by applying
genelic operators to current chromosomes.

Step 4. Delete some members from the population
to make room for the new chromosomes.

Step 5. Evaluate the fitness of the new
chromosomes and insert them into the
population according to the evaluation results.

Step 6. If the termination condition is satisfied,
stop and return the best chromosome;
otherwise, go to Step 3.

5. A Genetic Algorithm for the Sequencing
Problem with Fuzzy Preference Relation

The sequencing problem with fuzzy preference
relation is an NP-complete problem. As mentioned in
the previous section, genetic algorithms are a good
approach for combinatorial
problems. Here we propose a genetic algorithm for
the sequencing problem. This section presents the

four major components of the proposed genetic

such  NP-complete

algorithm: encoding scheme of candidate solutions,
population initialization method, genetic operator,
and evaluation function.

5.1 Encoding Scheme of Candidate Solution

In sequencing problems, a solution corresponds to an
ordered sequence of given entities. Thus to represent
a solution, an ordered list representation of entities is
used as follows:

S=(t...1)
where ¢, indicates an entity identifier.

5.2 Population Initialization

All permutations of entities can be a candidate
solution for sequencing problems. Hence, the initial
population is constructed by random permutations of
all entity identifiers.

5.3  Genetic Operator

For sequencing problems, various existing genetic
operators can be used to generate new chromosome
(i.e., sequence) from existing chromosomes{4]. No
existing genetic operator has been designed in
consideration of fuzzy precedence relation. Here we
propose a new genetic operator named threshold-
based crossover which performs crossover operation
with reference to the given fuzzy precedence relation.
The threshold-based crossover operator works as
follows:

Step 1. Select randomly an entity ¢ in one parent
chromosome P1.

Step 2. Mask the entity ¢, and some other entities of
P1 with reference to the given threshold (8) in the
following way:

When only the following credit is considered in the
evaluation of the fitness of individual entity,
mask the entities ¢, such that jp(¢,¢) 2 0 (j <i).

When only the preceding credit is considered in the
evaluation of the fitness of individual entity,
mask the entities ¢, such that fp(z,1) 2 0 (j > 1).

When both the following credit and the preceding
credit are considered in the evaluation of the
fitness of individual entity, mask the entities ¢
such that fp(1,1) 20 (j < i) or fp(z,1) = 0 (j > i).

The threshold 6 can be provided by a system

parameter or by the overall credit of the parent

chromosome (sequence) P1.
Step 3. Copy the masked entities to the same
locations of the new child chromosome, and then
copy the remaining entities into the empty locations
of the child chromosome in the order that they appear
in the other parent chromosome P2.

shows how the
threshold-based crossover operator performs its

The following example
operation. This example assumes that the threshold
value(0) is set to 0.6 and the fuzzy preference relation
is like Table 1. The crossover operator is applied to
two parent chromosomes P1 and P2. Suppose that the
entity 3 is selected from P1. Now it finds the entities
{ (ie, 10, 7, and 9) such that fp(3,1) 2 0.6 with
reference to Table | and marks them. By Step 3, a
new child chromosome C1 is created as follows:
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Pl:(8 1 3 10 6 7 9 4 5 2
¢ X X

P2:3 10 5 8 6 4 2 1 9 1

C:(5 8 3 10 6 7 9 4 2 1

5.4 Evaluation Function

The fitness of a sequence S is measured by the overall
fitness evaluation function C(S). Depending on the
application domain, the fitness evaluation function is
determined. Some number of possible fitness

evaluation functions C(S) are exemplified in Section
2

Suppose that c(t) = min{ fp(¢,t) | j > i} is used
as the fitness evaluation function of individual entity
and C(S) = Z, c(t,) is used as the overall fitness
evaluation function. When this evaluation function is
applied to the following sequence S with respect to
the fuzzy preference relation shown in Table 1, the
overall fitness is evaluated as follows:

S=(5 8 3 10 6 7 9 4 2 1

(5)=min{0.4, 0.6, 0.6, 0.2, 0.7, 0.9, 0.8, 0.3, 0.1}
=0.1

¢(8) = min{0.7, 0.9, 0.2, 0.7, 0.0, 0.1, 0.7, 0.2} = 0.0

¢(3) =min{0.7, 0.5, 0.6, 0.8, 0.3, 0.5, 0.9} = 0.3

¢(10) = min{1.0, 0.9, 0.6, 0.3,0.2, 1.0} = 0.2

¢(6) =min{0.9,0.9,0.1,0.8,0.1} = 0.1

(7) = min{0.6, 0.6, 0.7, 0.5} = 0.5

¢(9) = min{0.3, 0.2, 0.5} =0.2

«(1)=0.0
C(S) = Z,c(t) = 0.1+0.0+0.3+0.2+0.1+0.5+0.2+0.0
=14

6. Experiment Results based on the Proposed
Genetic Algorithm

To see the applicability of the proposed genetic
algorithm to the sequencing problem with fuzzy
preference relation, some experiments have been
performed. In the experiment, the proposed genetic
algorithm has been applied to some randomly
generated data set (i.e., fuzzy preference relations).
To compare the efficiency of the proposed genetic
algorithm, a genetic algorithm has been applied to the
same data set, which uses the order crossover [4] that
is a genetic crossover operator applicable to
sequencing problems. In the experiment, a fuzzy
preference relation with 30x30 size was randomly

generated and the following fitness evaluation
function was employed:
Individual entity fitness : ¢, () =Z ..., Jp(i))
Overall fitness : C(S)=Z, c(1)
Both the proposed genetic algorithm using the
threshold-based crossover and the genetic algorithm
using the order crossover have been applied to the
data set 15 times, respectively. At each run of the
genetic algorithms, they were set to generate 300,000
new chromosomes. For the threshold-based crossover
operator, the threshold value was 0.35. Figure 2
shows the experiment results, where we can see that
the proposed genetic algorithm gives more promising
results than the genetic algorithm using the order
CrOoSSOVer.

M threshold-based GA order GA
4 .
% 3
=
2 2
o
2
=1
0
] ™ “ o A G Q o N !
O HT BT BT B BT e Y b e

found best fitness

Fig.2 Experiment Results

7. Conclusions

This paper introduced a new problem called a
sequencing problem with fuzzy preference relation.
In the problem, the fuzzy preference relation is used
to evaluate the quality of sequences. Depending on
the employed fitness evaluation function, the
sequencing problem comes to represent other well-
known sequencing problem. For instance, when Eq.
(1) is taken as the fitness evaluation function, the
sequencing problem comes to a traveling salesman
problem. When Eq. (2) is taken, it is similar to the
problem to find the path with the maximum flow
through the represented path.

To solve the sequencing problem, a genetic
algorithm is proposed where a new crossover
operator named the threshold-based crossover is
developed. The crossover operator works in
consideration of the given fuzzy preference relation.

In order to show the applicability of the proposed
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genetic algorithm for the sequencing problem with
fuzzy preference relation, we applied the proposed
genetic algorithm to some randomly generated test
data sets. To compare the efficiency of the proposed
genetic operator, another genetic algorithm has been
applied to the same data sets, which uses the order
crossover that is a genetic operator applicable to the
sequencing problem. The performed experiments
showed that the proposed genetic algorithm can be
one of useful tools for the sequencing problem with
fuzzy preference relation.

It is expected that many sequencing problems
can be transformed into the sequencing problem with
fuzzy preference relation and they can be solved by
the methods for the sequencing problem with fuzzy
relation like the proposed genetic
algorithm. In this paper, the characteristics of the
sequencing problem with fuzzy preference relation
are not thoroughly investigated on the basis of

preference

possible fitness evaluation functions. Thus, we yet
need some more studies on them.
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