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In the naval engineering practice, there are many problems in which solution consequences
cannot be estimated on the basis of a single criterion. As an example, it is possible to
indicate the ship/cargo/route choice to invest money. These problems are of a
multiattribute character. For instance, while solving the problem of ship/cargo/route, the
technological, economic, social, political, logistic, etc. aspects are to be considered to make
decisions justified from the different points of view. Moreover, such factors as availability,
capacity, trustworthiness, flexibility, inventory, know-how, etc. are important elements of
the decision making process. The majority of these factors can be reflected only by the
description of qualitative character based on experience, knowledge, and intuition of
involved professionals. This generates the necessity of the evaluation, comparison, choice,
and/or ordering of alternatives, which correspond to the preferences of a decision maker
(individual or group). Considering that a manner of human thinking and preference
appreciation is vague, inexact, and subjective, the theory of fuzzy sets can serve as an
important tool in the naval engineering problems. Its application to preference modeling
provides a flexible structure, which allows one to deal with "fuzziness" of the appreciations
and incorporate more human consistency in the applied models.

Three approaches to processing of fuzzy preferences relations are considered in the paper.
The first approach is of a lexicographic character and consists in step-by-step consideration
of criteria. The second technique is related to constructing and analyzing a membership
function of a subset of nondominated alternatives on the basis of simultaneous considering
all criteria. The third technique is based on building and aggregating membership functions
of subsets of nondominated alternatives for each criterion. The consideration of different
approaches is aimed at placing at decision maker's disposal the possibility to choice the
most adequate approach.

The results of the paper are illustrated by considering a problem of choosing a
ship/cargo/route to operate and invest a limited amount of money.

Key-words: Shipping investment, Multiattribute decision making, Fuzzy preference
relations.



1. INTRODUCTION

In the naval engineering practice, there are many problems in which solution consequences
cannot be estimated on the basis of a single criterion. As an example, it is possible to
indicate: evaluation, comparison, choice, and/or ordering of schemes for investment ways
to put money in shipping industry. These problems are of a multiattribute character. For
instance, while solving the problem of ship/cargo/route, the technological, economic,
social, political, logistic, etc. aspects are to be considered to make decisions justified from
the different points of view. Moreover, such factors as availability, capacity,
trustworthiness, flexibility, inventory, know-how, etc. are important elements of the
decision making process. The majority of these factors can be reflected only by the
description of qualitative character based on experience, knowledge, and intuition of
involved professionals. This generates the necessity of the evaluation, comparison, choice,
and/or ordering of alternatives, which correspond to the preferences of a decision maker
(individual or group). Considering that a manner of human thinking and preference
appreciation is vague, inexact, and subjective, the theory of fuzzy sets can serve as an
important tool in solving naval engineering problems.

The application of fuzzy set theory to preference modeling [1,2] provides a flexible
structure, which allows one to deal with "fuzziness" of the appreciations and incorporate
more human consistency in the applied models. The utility of using fuzzy set theory is also
defined by its linguistic aspect [1,2] applicable for different decision problems and
different preference structures. Taking this into account, three approaches to processing of
fuzzy preference relations (with direct or indirect their ordering) are considered in the
present paper. The first approach is of a lexicographic character and consists in step-by-
step consideration of criteria. The second technique is related to constructing and analyzing
a membership function of a subset of nondominated alternatives on the basis of
simultaneous considering all criteria. The third technique is based on building and
aggregating membership functions of subsets of nondominated alternatives for each
criterion. The consideration of different approaches is aimed at placing at decision maker's
disposal the possibility to choice the most adequate approach.

The use of the results of this work will allow one to increase the adequacy of applied
models and, as a result, their credibility and the factual efficiency of decisions based on
their analysis. These results are illustrated by considering a problem of choosing a way for
decide the best investment in shipping industry.

2. PROBLEM FORMULATION

Assume we are given a set X of alternatives, which are to be examined by ( criteria of
quantitative and/or qualitative nature to make a choice among alternatives. The problem of
decision-making is presented by a pair X,,X €X where R={R,..,R,} is a vector fuzzy

preference relation [3,4]. In this case, we have

Rp:[XXXaHRp(Xk,X|)]s pzla---aqa Xkaxlexa (1)



where p R, (X, X,) is a membership function of fuzzy preference relation.

In (1), R, is defined as a fuzzy set of all pairs of the Cartesian product X x X, such that
the membership function Mg, (X, X,) represents the degree to which X, weakly
dominates X, i.e., the degree to which X, is at least as good as X, (X, is not worse
than X,) for the pth criterion. In a somewhat loose sense [3,5], He, (X, X,) also

represents the degree of truth of the statement " X, is preferred over X,".

Information given in the form (1) permits one to narrow a set of rational alternatives
including in it only alternatives, which are not dominated by any alternative of X .

It is supposed in [3,4] that the matrices R,, p=1,..,q are directly given as expert's

estimates (from the interval [0, 1]) denoting the degree of preference of one alternative
over the other. However, there is another, more convincing and natural, approach to
obtaining these matrices. In particular, the availability of fuzzy or linguistic estimates of

alternatives lEp(Xk) , p=1...,q, X, € X (constructed on the basis of expert estimation or

on the basis of aggregating information arriving from different sources of both formal and
informal character [6,7]) with the membership functions p[f,(X,)], p=1L...q, X, € X

permits one to construct the matrices R, p=1,...,q as follows [8,9]:

Mg, (Xio X)) = sup min{u[ f (X )], u[f, (X1}, 2)
Mg, (X X)) = sup min{p[ f (X, )1, u f,(X)]} 3)

fp(X)zfp(Xk)

if the pth criterion is associated with maximization. If the pth criterion is associated with
minimization, then (2) and (3) are written for f,(X,)<f (X,) and f (X)) < f (X)),

respectively.

3. FUZZY PREFERENCE PROCESSING

Let us consider a situation of setting up a single preference relation R. It can be
represented by a strict preference relation R® and indifferent relation R' [3,4]. We can say
that " X, is strictly better than X, " if (X,, X,)e R and (X,, X, )¢ R. The set of all these

pairs is the strict preference relation R®, and it is possible to use the inverse relation R™
to obtain R® =R\ R™.

If (X,,X,)eR® then X, dominates X, i.e., X, > X,. The alternative X, € X is
nondominated in < X, R> if (X,,X,)eR® forany X, € X.



If we have pugz(X,,X,) as a nonstrict fuzzy preference relation, then its value is the degree
of preference X, = X, for any X,, X, € X . The membership function, which corresponds
to R® (considering that Het (X, X)) =pg(X), X,)) is the following:

Hr(X, X)) = max {ug(X,, X ) = e (X, X,), 0} . (4)

The expression (4) serves as the basis for the choice procedure introduced by Orlovsky
[4,10]. Many authors have studied this procedure. For instance, it was shown in [11] that
the Orlovsky choice procedure possesses many interesting desirable properties. Its
axiomatic is given in [12,13].

The use of (4) permits one to carry out the choice of alternatives. In particular, p3(X,,X,)
is the membership function of the fuzzy set of all X, , which are strictly dominated by X, .

Therefore, its complement by 1—-u3(X,,X,) gives the fuzzy set of alternatives, which are

not dominated by other alternatives from X . To choice the set of all alternatives, which
are not dominated by other alternatives from X, it is necessary to find the intersection of

all T-px(X,,X,), X, € X on all X, eX [4,10]. This intersection is the fuzzy set of
nondominated alternatives and has a membership function

M (X,) = Inf [1=pa(X,, X )] = 1= sup ua(X;, X,). ()

X eX

Because up’(X,) is the degree of nondominance, it is natural to obtain alternatives
providing

XND={XkNDIXkNDGX,HSD(X?D)=>§H§HSD(XU}- (6)

Orlovsky [10] also introduced the set of nonfuzzy nondominated alternatives. In particular,

if sup uy° (X, ) =1, then alternatives
XeX

XNFND :{XIL\IFND | XIL\IFND c X,HSD(X;\IFND)ZI} (7)
are nonfuzzy nondominated and can be considered as the nonfuzzy solution of the fuzzy problem.

If the fuzzy preference relation R is transitive, then X™"° # J. Taking this into account,
it should be noted that when IEp(Xk) is quantitatively expressed, X"° =@. With

qualitative pr(Xk) it is possible to have X"™° =@ under intransitivity of R [14]. It

permits one to detect contradictions in expert's estimates.

When R is a vector fuzzy preference relation, the expressions (4)-(6) can be applied if we

q
take R= ﬂ R, ., 1.e.,
p=1

MR(XK’XI)zglpiS%“Rp(Xkﬂxl)’ X, X, € X. (8)



When using this intersection, the set X "° fulfils the role of a Pareto set [4]. Its contraction
is possible on the basis of differentiating the importance of R,, p=L...,q with the use of

the following convolution (aggregation of monobjective preference relations) [4]:
q
uT(xk’XI):Z}\‘pl"lRp(xk’XI)> X, X, e X, ©)
p=I

where A, >0, p=1,..,q are weights (importance factors) for the corresponding criteria

normalized as

q
Dok, =1 (10)
p=l1

The construction of p.(X,,X,), X,,X, € X allows one to obtain the membership
function pi®(X,) of the set of nondominated alternatives according to an expression

similar to (4). The intersection of uy> (X, ) and u°(X,) defined as

R (X ) =min{ug” (X, ), ur (X)), X, e X (11)
provides us with
X' = X1 X0 € X P (X02) = sup (X, (12)

The expressions (5) and (6) can serve as the basis for building another procedure, which is
of a lexicographic character [15,16]. This procedure is associated with step-by-step
introduction of criteria for comparing alternatives. The procedure permits one to construct

a sequence X', X?,., X% sothat X o X' 5 X?5...o X? with the use of the following

expressions:
R (X ) = inf [1=ug (X, X1 =1= sup ug (X, X,),  P=l..G  (13)
1€ X ex P!
XP = (X2 | X2 € X P (X120 = sup ul®(X,)). (14)

X;eX P!

It should be noted that if R is transitive, we can bypass the pairwise comparison of

alternatives at the pth step. In this situation, the comparison can be done on a serial basis
(the direct use of (2) and (3)) with memorizing the best alternatives.

The described choice procedures have found practical applications [17]. However, it is
possible to propose the third procedure to contract the decision uncertainty region.

The use of (5) represented in the form

“’g?(xk):l_supugp(xlaxk)a pzla--'aq (15)

X, eX

permits one to construct the membership functions of the set of nondominated alternatives
for each fuzzy preference relation.



The membership functions ugf(xk), p=1,..,q play a role identical to membership

functions replacing objective functions F,(X), p=1,...,q in solving traditional problems

of multiobjective optimization [15,18] on the basis of the Bellman-Zadeh approach to
decision making in a fuzzy environment [1,2]. Therefore, it is possible to construct

HND(XK)=]I§1[}SI}]HSS(XK) (16)
to obtain X P

If necessary to differentiate the importance of different preference relations, it is possible
to transform (16) as

n™ (OX,) =minfug” (X1 (17)

The utilization of (17) does not require the normalization of A, p=1,..,q in the way
similar to (10).

The use of the second procedure may lead to solutions different from results obtained on
the basis of the first procedure. However, solutions based on the first and third procedures,
which have a single generic basis, may at time also be different. At the same time, the third
procedure is more preferential from the substantial point of view. In particular, the use of
the first procedure can lead to choosing alternatives with the degree of nondominance
equal to one, though these alternatives are not the best ones from the point of view of all
preference relations. The third procedure can give this result only for alternatives that are
the best solutions from the point of view of all fuzzy preference relations. This is illustrated
by an example given below.

It should be stressed that the fact of the possibility to obtain different solutions on the basis
of different approaches is to be considered natural, and the choice of the approach is a
prerogative of a decision maker.

4. ILLUSTRATIVE EXAMPLE

The shipping industry has been atracted a large sum of investments year by year, ordering
new vessels to keep a good level of service in the sea transportation.

We can find some good and profits sea transportation trades to be analysed, such as
container, grain, petroleum and fuel, chemicals, ore and coal transportation.

In 2004 the world could see a high demmand for grain and ore vessels, which resulted in a
very high increase of the transportation tariffs per ton.

For this reason the investors have begun to order vessels of different types and sizes to
supply the marktes around the world. The decision to select a ship and its trade is not easy
do. It can be based in some criterias such as minimum capital employed to build a ship,
maximum freigth in shipping route trades, maximum realibility of shiping markets



considered, maximum cargoes demand forecast and minimum number of shipping
companies competitors.

To give a technical support the decision of which ship to buy, the results of the paper are
illustrated by considering a problem of choosing a ship/cargo/route to operate and invest a
limited amount of money in one of three selected trades:

1. Coal Transportation ;

2. Ore Transportation;

3. Pulp Transportation.

The decision is to be made on the basis of the following criteria:
1. Acquisition cost;
2. Cargo protection level;
3. Competition level.

The membership functions corresponding to the fuzzy values (very small — VS, small — S,
moderate — M, large — L, and very large —VL) of the linguistic variables "Financial
Expenditures", "Job Execution Quickness', and "Job Execution Quality", which can be

used to estimate pr(Xk), p=1,2,3, k=1,2,3, are given in Figure 1 with a=0.95,
b=0.90, and c=0.60.

LI, (5]

a
b [----%------ N — —— — — N —

cl---F/---xA------

Fo(X)

Figure 1.: Membership functions of fuzzy values of
linguistic variables

Assume that the alternatives have received the following estimates: IS1 (X,))=M,
IEl(xz) =S, IE1(X3) =L, IEz(xl):Sa IEz(xz): M, IE2(X3) =L, |§3(X1)=M, IE3()(2) =M,
and F,(X,)=S. Then, using (2) and (3) with taking into account the need to minimize

F(X,) and F,(X,)and to maximize F,(X,), we can construct the fuzzy preference
relation R

1 095 1
ne (X XD=| 1 1 1], (18)
0.95 0.60 1

the fuzzy preference relation R,



1 0.95 0.60]
pe (X, X)=[1 1 095/, (19)
11 1

and the fuzzy preference relation R,

1 1 0.95]
He (X, X)) =1 1 095/ (20)
1 1|
A result of intersection of (18)-(20) is
1 095 0.60
nr(X,, X)) =| 1 1 095, (21)
095 0.60 1

which permits us, using (4), to construct the strict preference relation with:

0 0 0
uS(X,,X,)=/0.05 0 035]. (22)
035 0 0

Applying (5) to (22), it is possible to obtain the membership function of the set of
nondominated alternatives

uaP (X, X)=[0.65 1 0.65], (23)
which leads to X"° ={X,}.

Let us consider the second approach if the criteria are arranged, for example, in the
following order of their importance: p=1, p=2,and p=3.

Using (18), it is possible to form the strict fuzzy preference relation with

0 0 0.05
gy (X, X,)=10.05 0 0.40 (24)
0 0 0

Following (13) and (14), we obtain on the basis of (24)
pgD(Xk) =[0.95 1 0.60] (25)

and X' ={X,}.

Finally, let us consider the application of the third approach. The membership function of
the subset of nondominated alternatives for the first fuzzy preference relation ugD (X,) is

(25).



Using (19), it is possible to form the strict fuzzy preference relation with

0 0 0
uiz(xk,XJ: 005 0 0 (26)
0.40 0.05 0
to obtain
o (X,)=[0.60 0.95 1]. (27)

In an analogous way, the use of (20) leads to

UR (X, ) =[1 0.95 0.95]. (28)

The intersection of (25), (27), and (28) permits us to construct
uE}D(Xk) =[0.60 0.95 0.60] (32)

to get X"° = {X,} as well.

5. CONCLUSION

Since naval engineering problems are of a multiattribute character and include factors with
the description of qualitative character based on experience, knowledge, and intuition of
involved professionals, it is expeditious to apply fuzzy preference modeling to the analysis
of these problems. Taking this into account, three approaches to processing of fuzzy
preferences relations have been considered in the paper. The first approach is associated
with analyzing a membership function of a subset of nondominated alternatives with
simultaneous considering all criteria. The second technique is of a lexicographic character
and consists in step-by-step introducing criteria. The third technique is based on
aggregating membership functions of subsets of nondominated alternatives for each
criterion. It is natural that the choice of the approach is a prerogative of a decision maker.
The results of the paper have been illustrated by considering a problem of ship/cargo/route
to operate and invest a limited amount of money.
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