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Abstract. The multiple criteria optimization problems with fuzzy
objective functions coefficients are the most important, because of their
often applications in various managerial decision processes. In this paper
is presented an interactive solving approach for the multi-objective
transportation problem with fuzzy cost coefficients and time minimizing
criterion. The approach is based on interval presentation of each cost
functions coefficients. By finding of the probabilistic parameter of
belonging of coefficients of objective functions to their variation intervals
for every criterion, we can find iteratively the corresponding set of efficient
solutions for the multiple criteria transportation model for every value of
parameter, structured by the time minimizing criterion. Thus, we could
solve the multi-criteria transportation problem of fuzzy type for any value
of the probabilistic parameter of belonging, that is in fact one of stochastic
“bottleneck” type of problem. In other words, we have obtained one
significant result, that any decision-making situation described by the
proposed model can be predicted by its time and cost characteristics. The
proposed algorithm has proved to be quite efficient, being tested on several
examples.
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1. Introduction
The topic connected with transportation problem can be considered

as old as the world is. Nevertheless the scientific research interest of this
type of problems remains and continues to be endless. The reason is not due
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only to the attractive and clear form of these kinds of problems, but it is also
due to numerous practical appliances of them. Now, it's worth pointing that
problems of multi-criteria optimization including the multi-criteria
transportation problems are of great interest in various research areas. This
happens because is well known, the increasing of criteria number leads only
to increasing of solution accuracy for multi-criteria optimization problems.
The efficient solutions of these kinds of problems can be achieved using
various algorithms developed in [8], [11], [13], [20] and many others. From
practical applicability point of view, imposing of minimal time to realise the
solution of model appears as a logical condition which would surely
improve its quality. In the speciality literature the criterion of minimizing
the maximum time is called a “bottleneck™ criterion. A large variety of
algorithms have been proposed for different kinds of multi-criteria
transportation problems of “bottleneck” type. Thus, for solving the three-
criteria transportation problem, including the “bottleneck” Aneja and Nair in
[1] developed an efficient algorithm, but Wild and Karwan in [19]
proposed an efficient algorithm for solving the generalized r-criteria
transportation problem of the same type. It's important to mention, that
many of economical decision problems lead to the fractional optimization
models, because that a lot of important characteristics of these may be
evaluated really using only some ratio relations. The ratios like the summary
cost of total transportation expenditures into maximum necessary time to
satisfy demands, the total benefit or production value related to the
necessary time, the total depreciation into maximal using time and many
other similar criteria often are essential in evaluation of several economic
efficiency indexes, that lead finally to finding of some correct managerial
decisions. The time-constraining criterion is, obviously, one of conditions
so much important for major optimization problems. A particular case, but
quite often meted is of identical denominators like the “bottleneck” time
function. Moreover, we studied various cases when "bottleneck™
denominator function is included as a separate criterion in the optimization
model. The efficient algorithms for solving these types of models are
proposed by Sharma and Swarup in [14] for one-criterion fractional
transportation model of “bottleneck” type and by Tkacenko in [17] for
multi-criteria fractional transportation model of the same type. | want to
emphasize that all of the above mentioned algorithms were tested on various
examples and proved to be quite efficient for the deterministic type of data.
Unfortunately, in real life, not always be so, often, some parameters and
coefficients of the optimization models are of indeterminate type [7]. That is
why in the proposed work is studied the case when some of parameters of
multi-criteria “bottleneck” model are of fuzzy type.
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2. Problem formulation

Since for any type of mathematical optimization model, the objective
function coefficients have greatest influence on both the optimal solution
and the value of objective function, we propose to investigate the multi-
criteria transportation model, in that these coefficients are of fuzzy type.
Because of large practical appliance of the transportation models, it should
be noted the certain real meanings of these coefficients. We propose to
include in the model the “bottleneck™ criterion separate, which is quite
important for any decisional situation especially from practical point of
view. The mathematical model of multi-criteria transportation problem of
“bottleneck” type with fuzzy costs coefficients is the following:

m

min Z, = Zzn:'c'ijlxij

i=1 j=1

Zai =>b;, x;=0foralliand j

where : Eijk ,k=1,2...r, i=1,2,...m, j=1,2,...n are costs or other
amounts corresponding to concrete interpretations of those

criteria being of fuzzy type,  t; - necessary unit transportation

time from source i to destinationj, a; - disposal at source i,
b ; - requirement of destination j,  X; - amount transported
from source i to destination j, that is only positive.

We can notice, that in model (1) the firsts -r criteria are of fuzzy linear
type, each of them being of minimal type. However, is not excluded to have in the
initial model some criteria of maximum type such as, for example, maximizing of
benefit, profit or more other. In fact, this doesn't not make the optimization model
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more complicated as using some elementary transformations the maximum types of
criteria can be modified into minimal types as they appear in the model (1).
Obviously, the model (1) becomes more complicate especially from solving point
of view, because of the (r+1) criterion, which is of non-linear type.

3. Some Reasons and Statements

Since the model (1) is of multi-criteria type, as we know, these rarely admit
optimal solutions. For solving these usually it builds a set of efficient solutions,
known also as Pareto-optimal or non-dominated solutions, solutions of the “best
compromise”. In order to investigate the model of multiple criteria (1), we should
propose firstly the definition of efficient solution for the deterministic type of
model. We will consider the next multiple-criteria transportation model of
“bottleneck” type with deterministic data, where without tying generality we
assume that all of the firsts r criteria are of minimum type.

min Z, = iic;x”, min Z,, = iznlci?xij

i=1 j=1 i=1 j=1
m n
- r -
min Z, zzzcijxij , min ZHl:rri\%xtf:j‘xi,j >0 (2)
i=1 j=1 '
in conditions:

x;=a;, Yi=Lm, > x =b,, Vi=1n
i=1

a=>b, %=20i=1lm, j=1n

i=1 j=1
with the same significance of the model parameters as in model (1), specifying that
all of these are of deterministic type.

Let suppose that: KT: is one basic solution for the model (1), where:
T=max §/x. >0 .
i,j t% 1 -

- -y - - = - - .
Definitionl: The basic solution (Z,T/of the model ()s a basicefficient one
— N
if and onlyif for any other basic solution €, T } «T _for which exists at least one index
~
j € €..r Jor whichthe relation Z;, € X Z; € is true, there immediately exists
another, at least, one index 3j, € (...r)Nhere jo # Jp, for which at least, one of the
~ —

both relationst2 ((/< Zj, « )r T <Tistrue If all of thesethreeinequalites are
verified simultaneausly withthe equal sign, it means that the solutionis not unique
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- ., . - - = -
Definition: 2 The basic solution QZ,T/of the model ()s one of the optimal

(best) compromisesolution fora certaintime T, if the solution X is located closest to the optimal
solutionsof each criterion

So, for each time level allowing placement of the basic solution for the
model (2), we can determine its corresponding optimal compromise solution.

Because of the first ones r criteria in model (1) are of fuzzy type, we develop
primarily a fuzzy technique for solving of the fuzzy multi-criteria model.

4. Fuzzy techniques

By fuzzy linear programming we mean the appliance of the fuzzy set
theory to linear multi-criteria decision making problems.

Definition An element x has a degree of membership in a set A, denoted by
a membership function g, ((:. The rang of the membership function is [0,1].

In multi-criteria decision making problems, the objective functions are
represented by fuzzy sets, but the decision set is defined as the intersection of all
fuzzy sets and constraints. The decision rule is to select the solution having the
highest membership of the decision set.

Zadeh [2] introduced the basic concepts of fuzzy set theory. Zimmermann in
[22] made an innovation in the field of multi-criteria decision making. He first
applied fuzzy set theory concept with suitable choices of membership functions
and derived a fuzzy linear programming. He shows that obtained solution using
the fuzzy linear programming is always efficient one, further it can find a optimal
compromise solution.

In order to solve the model (2), firstly we propose to solve the model (3),
that is obtained by excluding of the (r+1) “bottleneck” criterion. It is the next:

min Z, = izn:cﬁxij, min Z, = Zicﬁxij

i=1 j=1 i=1 j=1

minZz, = izn:ci;xij , (3)
o in conditions:

Zn:xu —a, Vi=lm, zm:xij =b,, Vi=1n

o i-1

Zm:alzzn:bj, xuzo,|=1,_m, j=1n

with similar sense of parameters, as in the model (2).
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We will apply the fuzzy linear programming technique [3] for solving the
model (3). It should be noted, that in this case we apply the fuzzy approach only
to the objective functions of the model. By applying of fuzzy linear programming
technique to the multi-objective linear transportation model (3), we will find its
optimal compromise solution .

At the first we assign for each objective function two values U, and L, as
upper and lower bounds for the objective function Z, :
L, - aspired level of achievement for objective k;
U, - highest acceptable level of achievement for objective k;

d, =U, —L, isobviously a degradation allowance for objective k.

We build the fuzzy model, because of aspiration and degradation levels for
each objective have been specified. On the next step we will transform the fuzzy
model into one of deterministic type model of linear programming.

The solving fuzzy technique is the following:

Step 1. Solving of r one-criterion transportation problems.

Step 2. Building the table of values, in which are registered values of the all
objective functions in the optimal solutions of every objective
function.

Step 3. According to the table of values we may choose the best - L, and the

worst U, values from the set of solutions.

The initial fuzzy model is built keeping the aspirations of each criterion, as
the follows:

Z,<L.k=1r,
>x;=a, Vi=Llm, Y x =b, Vji=1n, (4)
j=1 i=1
da=>b x >0foralliand ]
i=1 j=1
The membership function g, Q(: is defined as the next:
1, if  Z"& <L,
~ |U, -Z ~
€« = % jif L <Z"€ <U
ﬂk — Uk _Lk k _— k
0, if Z"&>U,

Taking into account the relations (4) and the above definition of the
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membership function z, €& : the equivalent linear programming problem for
the multi-objective transportation problem (3) is the following:

Max A
in conditions:
2<% 1T
Uk - Lk
> x; = =Lm, >x,=b,, Vj=1n, (5)
j=t =1

>b, x;=0foralliandj, 1>0.

>a,

i=1 j=1
By simplifying the model (5), we will obtain the next linear programming
optimization model:

Max A
in conditions:
ZZCIJ Ij+//{’.‘Jk_Lk:§Uk’ k=]T, (6)
i=1 j=1
X, =a, V 1,m Zx“:bj, vj=1n,
j=1 i=1
dYa=>b x;>0foralliandj, 21>0.
i=1 j=1

Thus, we can say, that using the fuzzy technique for solving the model (6),
we easily find a compromise solution for the multi-objective transportation model

@3).

Remark 1. The above described algorithm is applicable to all types of multi-
objective transportation problems as well to the vector minimum as to the vector
maximum problems.

Remark 2. The optimal compromise solution of the model (3) doesn’t necessarily
to be of integer type.

In order to solve the model (2) by applying the fuzzy technique we
propose the next algorithm:

Step 1. Ordering the time matrix - T according to cell values in ascending
order and assigning for each cell a serial number, thus we will get all
€1 xn_ ordered cells.
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Step 2. Selecting the firsts at least (m + n-1) cells according to the
arrangement order, until we can place the initial basic solution for the
model (2), supposing that the other cells are blocked.

Step 3. By applying the algorithm of fuzzy technique for the problem with
unlocked cells, we get the optimal compromise solution for the model (2)
using only the unlocked cells, which corresponds to the following

time: t =min nﬁxtﬁj‘xi'j >0.

Step 4. Unlocking iteratively in increasing order of time the next matrix cell
(or cells with the same time and cost values), we will return to the step 3 of
the algorithm and we will find the next optimal compromise solution of

model with time of its realization, obviously, higher than the previous t~

time.

The step 4 is repeated until all of cells in the matrix of time will be

unblocked.

Thus, the proposed algorithm will highlight a finite set of optimal compromise
solutions for the model (2), each of them corresponding to the smallest time
possible of its realisation.

Because the problem has finite dimensions, the algorithm is realized in a finite
number of steps.

5. Theoretical analysis of fuzzy cost multi-criteria model

We can state that the fuzzy technique is very efficient for solving the various
optimization problems. Applying the fuzzy technique for solving the multi-criteria
model, not only of linear type, we build a optimal compromise solution, where only
the objective functions are represented in the fuzzy form. This method is applied
most commonly when the parameters and coefficients of model are of deterministic
type. Unfortunately in everyday life we meet not only with such cases. Because the
parameters and coefficients of transportation multi-criteria models have real
practical significances such as unit prices, unit costs and many other, as we know
they vary quite frequently. Moreover, it was found that all of them are
interconnected, i.e. they are changing simultaneously even with the same
parameter of variation. For example, if electricity becomes more expensive, with
one coefficient, then in a stable economy, certainly, the values of products of
industries directly dependent of it will increase by the same coefficient. For other
branches these may be different, but they may be calculated knowing a priori the
correlation coefficients between all the branches. The last, can be calculated by
applying of various statistical solving methods for certain data of production or
consumption between them for selected branches. We propose to calculate the
parameters for the model (1) using the formula:
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CI _gl
piI; = _:( J ()
CI] QIJ

k = . . .
where: Cj, Ci}‘ - are the limit values of variation interval for each cost

coefficient ¢/ where: i=1m, j=Ln,k=1r.
We can observe that pi‘} e[0;1] for V¢ j,k where
i=1m, j =1,n, k =1,r . Moreover, any values of cost coefficients according of

their variation intervals c € [c”, IJ] for the model (1) can be calculate using the

following formula:
‘< =pi € -c; +c fori=1m, j=Lnk=L1r. (8)

ij 4
Agreeing to the formula (7), the parameters { pi‘}} can be considered as the

probabilistic parameters of belonging for every value of coefficients {Ci‘}}

from their corresponding variation intervals [7]. This is successfully applied for
both minimum criteria type and maximum type.
Supposing that the varlables{c } for V¢ j,k where

i =1,m, j =1,n,k =1r are continuous on theirs corresponding intervals, the
parameters { p;; X1 appear as the distribution functions of these variable.
Therefore the functions { p;; k1 enjoys all properties of distribution functions
including the monotony and continuity property.

So, when it find the increasing of prices for products, the likelihood of a
higher price for each product type according of its price variation interval is

greater than of a lower price.
Analogical it will occur when it is found the cheaper of products, the

likelihood that the price of one product from its price interval determined priori
will be lower is greater than for the higher price.

Thus are true the next relations:

v for the maximum type of criteria:
if for any two values
m2 \I

m—m

ml m2 H . AM2 ml 1
i andg'” , therelation: ¢;” > ¢;" istrueand %J“ Cij i Cj

]
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= p*2p", forie H2,..,mjje 2,.,n,}e H2,..,r and m
signifies the maximum type of criterion;

v' for the minimum type of criteria:
if for any two values

11 12 H 1 I .—I
¢; andg” , therelation: cIJ sc istrue and % Cj §[cu, C;ls

= p<p) forie ¥2,..,mjje §2...n e H2. . ,r andl
signifies the minimum type of criterion;

Particular cases of the model (1), without of the “bottleneck™ criterion
were analysed in [4] by Chanas and Kuchta. The authors proposed a method of
interval for solving one criterion transportation model with fuzzy cost coefficients.
The idea be applied to multi-criteria problem [5], but it leads to considerable
increasing of the number of objective functions, which really complicates the
solving process of the problem. In the papers [6],[9],[10],[12],[15],[16],[18], [21]
are proposed certain analyses of various points of view about the multiple criteria
transportation model with fuzzy parameters and are developed different
algorithms in order to its solving. It should be noted the practical impossibility of
solving these types of models using some parametric methods.

The main idea of the method, that will be developed, is the
simultaneously and interconnected variation of objective functions coefficients,
fact resulting directly from the practical applications of the studied models and
imposing of the “bottleneck™ criterion.

6. The solving Algorithm 1

1. We will suppose, that the set of all coefficients variation intervals is
given by thelr variation limit values, they are the following:

)]
1! lzrj_lnk =1r o

2. Let be for some indices: i, € ¥2,..,m ,}j, € #2,..,n :kl

we know at least one coefficient value, for example of C|1jl , then we may
calculate by applying the formula (7) the probabilistic parameter of

belonging to its interval [_ ] that is the following:

G '1 h

k Ak
o = S "G
hh o <k Ak

c.“

i Zh
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Assuming that it’s the same for all objective function coefficients, it will
be denoted by p;

3. According of the statement about the simultaneously and interconnection
of variation of objective functions coefficients, we can calculate a set of

3
all values of objective functions coefficients: é} it jink=ir DY

k k k k
applying the next formula: Cij =Cj +P- & —C;  for the

increasing coefficients values, and
k

~k kK
Cij =Cj — P+ & —Cjj _ for the decreasing coefficients values.

4. Application of algorithm of fuzzy technique.

So, for any value of probabilistic parameter of belonging we have
obtained the multi-criteria transportation deterministic model of “bottleneck” type.
For its solving we may apply the above proposed algorithm like as for the model
(2). In this case for every time level we can apply the fuzzy technique, thus
obtaining the corresponding optimal compromise solution. By modifying the time
level, we can obtain the set of all compromise solutions corresponding to all time
levels. Thus, for every time level we will have the corresponding optimal
compromise solution.

It’s necessary to remark, that for a new value of probabilistic parameter of
belonging, we will solve again one deterministic model of type (2).

We can solve the model (1) also by finding of a set of efficient solutions for
each value of the probabilistic parameter of belonging. This algorithm is more
difficult, but for each value of this parameter, it offers for the decider one large set
of efficient solutions, which are very important in order to elaborate one correct
decisional strategy.

7. The Solving Algorithm 2

Procedure 1.

Primarily we will perform the first three steps of Algorithm 1.

Procedure 2.

Procedure 2 is one iterative. Each iteration supposes a deeper search level and
finding of a new efficient basic solutions and completing of the multitude of
efficient basic solutions with other new, according of the new unblocked cells.
The exploration procedure of each time level is finite in depth and ends on every

branch, when the same solutions have been found at one upper level of any other
branches or when all possibilities of improvement have been exhausted at a
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certain level. In this case it will unblock a new value of time in the increasing
order, therefore, the cost of cells in all the matrices, for which it will be
resumed the Procedure 2. Unblocking procedure continues until all cells of time
and those that correspond to matrices of cost become available. So, finally we
get the set of all sets of efficient solutions of the transportation multi-criteria
problem of “bottleneck™ type, each of them corresponding to a certain time
level.

The solving procedure is performing according to the next logical scheme:

The logical scheme

So
v
If 3k,ieAij>0
I=0 v \
So1 Sop | o Sor
1=1 _‘

S || Sio | St | Sx S» Soo Sn
The set of efficient basic solutions

—C.,k<m=#*n,

— i
m, n are defined by the problem dimension, k is an ordering index of cells,
according with the time table of data

where: A; = €, +v,

The explicit presentation of the solving Procedure 2

The first step. We arrange the values t<,', from the matrix T in increasing order

using for this an ordering index, let it be k. We outline that in the model (1) there
are n supplies and m demands and (r+1) objective-functions (including time
criterion).

The second step. We try to find an initial basic solution using one of the criteria,
namely the matrix of this criterion, from that we will use only the cells according
to ordering increasing p-index. Obviously, the initial basic solution will be placed
in at least (m+n—1) cells. Thus, in the matrix in which we placed the initial
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basic solution will be unblocked p, cells, where p, >m+n-1. The obtained
solution at this iteration will mark the O-level of the logical tree of efficient
solutions. We will consider that the following cells with ordering indexes greater
than p, are blocked. For the O-level we will calculate the corresponding T,

according to the following formula: T,= max tij‘xi ;>0
(] ! .

The third step (exploration of the deep branch). We shall try to improve the
solution from the actual level, using for this only the\unblocked cells. For this

purpose we shall calculate the values: A; = (Ii +V; --C;. All configurations of

basic solutions can be recorded at the next level 1=1. Thus the logical tree will
contain on level 1 no more than p, branches, where p, > p, —(m+n-1). The

procedure from the 3™ step is iterative one and explores the possibility to increase
the number of logical branches on the next level using every the branches from the
previous level. If all possibilities of placement have been explored as to improve at

least one of criteria using for this purpose just the p, cells ( according the

described ordering) , then one can go to the 4™ step.
The fourth step. We will unblock the next ( p,+1) cell and will obtain a new

achievement time for a new efficient solution, which will be obviously greater or
equal than the previous time. I'd like to outline that, after each unblocking

iteratively procedure there are again (mxn-— p,) blocked cells, because after
every unlocking we consider: p, = p, +1. If the relation A; ; >0 is true at least

L=

for one criterion, for this cell, we will repeat the procedure of the 3™ step,
otherwise we shall continue to unblock the next cell, according to the ordering

index k until we will get p, =mxn. After finishing up the 4" step, the set of

all basic solutions of model (1) will have been recorded , out of which we can
easily select the ones that are basic and efficient.

One can see that the logical solving tree iteratively increase its branches by
exploration of a new configurations of the basic solutions on every level. The
increasing of both the numerous of branches of each level as well as the number
of levels is constrained by the fact that the problem is of finite dimensions on the
one hand and on the other hand by the request that the new solution configuration
should not be repeated.

The correctness of the above algorithm is based from the following theorem.

Theorem. The set of all efficient basic solutions for the multiple criteria
transportation problem with fuzzy cost coefficients and “bottleneck™ criterion (1)
is found by applying the above Algorithm1 and 2.
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Proof. Let L, be a list of basic efficient solutions of model (1) being
found by applying the above algorithm 1 and 2 for one value of probabilistic
parameter of belonging p . We suppose, that exists one basic efficient solution S i

for the model (1), that was found using another algorithm different of the above
one, so it results that S;, ¢ L. Let S;; corresponds to T;,. We will fix it on the

branch that corresponds to the T;, beginning with the level 0. Wide exploration of
the fixed branch leads to the registration of all basic solutions of the branch T;,.
So, all the basic solutions that correspond to time T, belong to this set. We will
separate in the set L. the efficient basic solutions, that correspond to time T, . It
is obvious that L; c L. Asaresult, if S, e Lle, then S, is a basic efficient

solution found by applying the above algorithm or if S, ¢ Lle , then S, isnota

basic solution and moreover, it is not one basic efficient. So, is true the following:
either S, is a basic efficient solution and it belongs in the listL; or it is not a

basic efficient solution. We proved that for one value of probabilistic parameter of
belonging p we obtained the set of all corresponding efficient solutions for the

model (1). Therefore, by modifying this parameter, we get another lot of effective
solutions for the model (1). Building the set of efficient solutions for model (1) for
any value of the parameter p in the interval [0,1], in fact, we fully solve the

proposed model. The theorem is proved.

8. Conclusions

In this paper is developed an integrate multistage procedure to solve the multi-
objective transportation problem of “bottleneck” type with fuzzy objective
functions coefficients. By applying the hypothesis about the interconnection and
similarly variation of the model’s objective functions coefficients, we reduce the
model to one of deterministic type. After, for each of possible time level we
construct its corresponding set of efficient solutions. I would like to emphasize,
that at this stage we may apply the fuzzy technique for finding the optimal
compromise solution, corresponding to the early established time level.
However, as it’s known, the set of efficient solutions offers several options for
developing optimal management strategies. By modifying of the time level, we
can obtain all sets of efficient solutions, each of them corresponding to its time
of realization, but it should be noted for only one value of probabilistic
parameter of belonging. In dependence of the economic stability, the parameter
may following different laws of distribution. Finally, we conclude, that these kind
of models are very actually and utile especially from the decisional and
managerial point of view, therefore these deserve to be further investigated and
studied.
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Example:

Let be the following 3-criteria problem with 3 supplies and 4 demands.
Supposing that we know the set of variation intervals of objective cost
coefficients, that is the follow:

cieil= 515 [ecl= be1z; [csi:65]= k10
[C12;012 = I'3 ; [Clzz;czz = I'13 ; [ ;2;_312]: I'll-'
[C137 13"10 237 Cos —l4 33' Cas —'5
[C147 141 = IlO 241 24 = l 6 [934;034 = I;S_;
[Clzl;(_:lzl]z I'G_' [Cgl;_Zzl]: "7-' 21’(_:321 = I 8
122;_122—I5 22’ 22"9 521 32—I3
[ciicil= k4 [953, Czs]= k10 ; 1G] = b7
CES 1 [chic]= k12 [934:034 = 614

1
Let's assume that we have one value, for example C12 =2;

We want to build the set of all efficient solutions, knowing the time matrix, that
is the next:

Time=

10 95 73 52 8

68 66 30 21 19

37 63 19 23 17
11 3 14 16 bi\ai

Solution procedure:

k
¢l —c;

Knowing the value C1,=2 , we apply formula: pi = _':( —- inorder to
CI] Qu

determine the probabilistic parameter of belonging, that is: pi‘j :% . Let

suppose that it is the same for all cost  coefficients. Because in the variation

interval [cy,;C}5] for the value Cll2 =2 we found the increase in cost, to
determine the other cost coefficients, we apply the next formula:
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-
K K K
Cij = P+ & —Cjj _JF Cjj. We obtain the next data for the objective functions

coefficients:

Costl, 2=
1 2 7 7
4 4 3 4
1 9 3 4
5 8 9 10
8 9 4 6
6 2 5 1

By using the above proposed Algorithm 2 we have found the following 11
efficient basic solutions:
X' = €, =8,%,, =3, %X, =2, Xy, =14,X5; =1, X, =16 , S* = €76,207,68 ;
X? = €, =8,%, =3,%X,, =3,X,, =13, Xg3 =14,%,, =3, S? = €64,276,68 ;
X® = €, =6,%, =2,Xy =5,%X,5 =14,%,, =3,X,, =14 , S* = (78,203,68 ;
X* = €, =8,%, =3, X5 =14,X,, =2,X5, =3,%,, =14, S* = 72,213,68 ;
X® = € =8,Xy =3,%,, =16,%;, =3,X;; =14, S° = (58,283,68 ;

X = €; =8,%, =11,%,, =2, Xy, = 6,X, =1, %, =16 , S® = €08,167,73 ;
X7 = €5 =6,X, =2,%,; =11, X,3 =8,X;, =3,X,, =14 , S7 = €02,173,73 ]

X® = €, =2,X5 =6,%,, =11,X,; =8,X5, =1,X;, =16 , S® = €86,171,95 ;

B
~

X = €, =3,X5 =5 Xy, =11, X,5 =8,%X;, =1, %X, =16 , S° = 76,175,95 ;

X' = €, =5,%, =3,%,; = 6,X,, =13, Xg5 =14,%,, =3,

S = (43,265,95 ;

X = &, =5,%, =3,X, = 6,X,; =13,X;; =1 X,, =16 , S** = €56,200,95 .
Finally, I"d like to mention that we solved the problem only for the

1
probabilistic ~ parameter of belonging: p:E . We observe, that for this

parameter value the data of problem coincide with the data from the example of
Aneja and Nair article [1]. We can mention that, using the proposed Algorithm 2,
we obtained with 2 efficient basic solutions more compared as the authors’
results from this article.
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