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Due to the human nature, the Decision Maker (DM) may get tired or bored as a result of tedious

!
inte ractxon W1t1-)1 the s lutxon procedure of a multiobjective mathematical model. Consequently, the

]

écuracy of mformatlon obtained from him/her or the selection of an appropriate efficient solution
wnll be aﬁ'ected Therefore, this paper presents an interactive approach for solving Multiobjective
Decwlon Makmg (MODM) problems in the presence of fuzzy preferences in addition of
archltecture of a fuzzy expert system. In the solution method, the DM’s preferences are represented
b& usmg hngulstlc vanables The suitable fuzzy membership function will be selected, which has
tane abxhty to obtam an acceptable efficient solution according to the DM preferences. The main

ob]ectxves of ﬂns apptoach are minimizing the interaction time and selecting an appropriate

eﬁ'xclent solutlon that ﬁts the DM’s preferences. : : .

-~

'Keywords. Multlob_]ectlve decision makmg, Linguistic variables; Membership functions; YFuzzy

; _ preferenct"s
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1 Introductlo i
1
l;Jurmg ‘the laSt three decades, several methods 4. Fuzzy p rogran.mmlg (51 ) .
_ Among the solution approaches, the interactive

have been developed to solve MODM
methods are promising and thus becoming

problems These methods can be classified into

ghe followmg mam approaches'
|

" i Goal programmmé [1],
5. Utility approaches|[2,3],
#3 Interactlve proced’ures [4], and

‘ I“‘Corres‘pondin g

. comparative
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popular for solving MODM problems. A
study [6] has

superiority of the interactive methods over the

other approaches for
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o solvmg MODM problems. While most of the

MODM methods used one of the above four
approaches, some methods combine more than

one approach, 1.e. some MODM mecthods used a
| combmatlon of two approaches. -For example:
elxcltatlon ofisome preference information prior
: to the use f an a]gonthm which employs a
progresswe art:culatxon of preferences may
i‘allov‘vi the aléonthm to operate more efficiently
mel
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Many mteractlve approaches were developed to
solve MODM problems in fuzzy environment,
such as, Wei'ners method [8] which applied
v Bellman and Zadah max-min operator [9] to

T transfel the model into a symmetric: model and

' solve |1t by using Zimmermann's fuzzy
. programmmg approach [10].  This method
consxders that the DM has the capability to
A construct :md| modlfy the membership function
'for each objectwe and constraint. Tapia and
: Murtagh [11]1 suggested an approach to solve
- linear - and nonhnear MODM problems. This
approach consxders that the DM has selectlon
crntena (preference selection) of the best
| compro] ise | solution and  nou-ncgative
- underacheveuent that he/she is willing to
i accept for cach objective function. Also, he/she
| can 1dent1fy ‘@ finite number of efficient
solutlons wiuch satisfy  his/her
preference structure Leung [12] suggested a
ffmethqd to sol!L'e a hierarchical fuzzy objective

' probleﬁl by‘aplplying the preemptive fuzzy goal

implicit
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programming approach. In this method, the
DM is asked to pric}itize the objective
functior:s to start finding the optimum solution
of the objective function with the highest
priority, under a set of constraints, then finding
the optimuin solution of the next important
objective function with a ‘tolerance trade-off
specified for the optimal value of the preceding
objective and so on. A new approach to solve
MODM problems with imprecise objective and
constraints’ coefficients that have trapezoidal
membership functions has been introduced in
[13). Also, W. Abd El-Wahed [14] used
Zimmermann's fuzzy programming approach
to study the solution behavior of the
multiobjective transportation problem under
fuzziness. On the other side, the fuzzy
linguistic  approach has been applied
successﬁllly’ in the area of ‘decision making
[15,16,17], in case that the. decision maker(s)

can not assess in a quantitative form, but rather

in qualitative one, i.e. with imprecise or vague
knowledge,

On the other hand, fuzzy expert system (FES)
has been succecsfully applicd to a wide range
of problemé from different areas presenting
ambiguity and vagueness in different ways [27,
28, 29]. |

Due to the ability of FES to deal with
uncertainty and vagueness; we will focus our
attention gn“‘" and

coupling  symbolical

numerical processing, considering the conflict

-
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! among obJectlves in one approa/ch to get an
eff'ectlve way to generate h10h quahty estimates

w1th small computatlonal effort.

lIn this paper, we | present an interactive
approach to solve the multiobjective problems
!based on lmgulstlc variables and the
achxevement level of each objective function
lthat represent , the DM’s preferences. The
suggested approach; converts the DM’s
preferences mto ; their cerresponding
aehtevement mtervals and the mathematical

l model into a single ob_)ectlve model using these

mtervals to find the preferred solution that fits

ms/her preferences

i

Tlus paper is structured as follows: Section 2
presents some basxc notatlons In Section 3 the
chmce of hngulstlc varlables is given. Section 4
presents the mathematlcal analysis of the given
system Sect10n 5 | presents the problem

formulation. In Sectxons 6 and 7 the proposed

i mteractlve approach is described. Section 9
presents the suggested architecture of the fuzzy
expert system Sectxon 9 presents an illustrative
example Fmally, m Section 10 some

céncludmg remarks are made.

! Basic Hotagons; t

T he followmg deﬁmtlons represent the core of

thls study: i ;

Deﬂmtlon 1: (Non-I)omlnated Solutmn) [18]

A nondommated solutxon is one*in which no

one obJectlve functlon can be improved without

| 1127

a simultaneous detriment to at least one of the
other objectives of the MODM problens. That
is, J_c' is a nondominated solution to the vector
maximization problem iff there does not exist

any xeX such that fi(x )<f(_) for all i and
Slx )<J§(__) for at least one .

Definition 2: (Preferred Solution) [18]
The preferred solution is a nondominated

solution, which is chosen by the DM, through

‘some additional criteria, as a final decision. As

such, it lies in the region of acceptance of all

the criteria values for the problem. It is also -

known &s the best soltltion.

Definition 3: (Linguistic Variables) [19]

A linguistic variable is fully characterized by a
quintuple (v, T, X, g, m) in which v is thc name
of the variable, T is the set of linguistic terms

of v that refer to a base variable whose_ values

_ range over a universal set X, g is a syntactic

rule (which usually has the form of a grammar)

for generating linguistic terms, and m is a

semantic rule that assigns to each linguistic

term teT its meaning, and m (f) is a fuzzy set

on X (ie. m: T — F (x)).

Definition 4: (Fuzzy Maximizing Sef) [20]
Let f be a real-value function in x. Let / be
bounded from below by inf(}) and from above

by sup?;). The fuzzy set A={x, ux(x)} with

f(x)-inf(f)
)= ) ®
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i' is called the fuzzy maxumzmg set. Where us(x)

% l |s the estlmates of how much x is far from

“ /‘J(’{)F* ”

| I=
o ia.ibel} |

.' #A(xg);“l,)-

being a maximum X, (whxch is such that

by

a

!
|
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| Deﬂnition 54 (Trapezoidal Fuzzy Number)
[21] '

l

A trapezmdal fuzzy number & can be denoted
P by a (a;, ay, a3, a4) and its membership function
S defmed as !m )

|
of ¥

x=f if a<x<a
az"'lal

x<a or x>a,

if asx5a @

a, -éx
t A~ if a<x<aq,
a,~ 4

. If a= L a;, then Ais reduced to a triangular
B fuzzy number

If a, = a; a,— ay, then A is reduced to a real

number. The graphical representation of the

trapezo:dal membershlp function is shown in

- ‘Flgure (l)

|
Definition 6 (Interval- Value Fuzzy Number)

: '[22] ]

I

Interval- value fuzzy number can be defined as
folloWs | ‘

D, 1], forcvery[l] cl [1]= {[a,b]|a<b '

H

g

AN l
03, The Choice of Linguistic Variable

. " The|main lim of using linguistic variables is to

supply the DM with a few words by which

- he(s e can: express his/her preferences. In order

I11-28

to achieve such goal,.it is important to analyze
the cardinality of the lmguxstnc term-sct- used to
express the information [23]. Also, Miller [24]
pointed out that “seven plus or mines two”
represents the greatest amount of information
an observet can give about the objects on the
basis of absolute judgment. Herrare V[23,25]
used 3 to 9 linguistic terms to capture the
DM’s preferences to evaluate a set of
alternatives. Since the DM is the person who
knows rﬁuch more about his/her problem, the
number of linguistic terms that can be used ‘to
interact with the DM can be concluded from
his/er words [26], as an example, if the DM
uses word “luedium,' very high” that means the
maximum number of linguistic terms included
in the membership function (MF) is 5. Another
example; if the DM uses the word “perfect,
medium” in his/her preferences that means the
suitable number of linguistic terms is 7. In
addition, niost of the authors sce that the
trapezoidal MF
represent the linguistic preferences of the DM
[23,25).

is a very suitable MF to

4. Mathematical Analvqns of the Given

§¥stcm

In this séction, we will highlight and prove
some fuzry and mathematical theories that will
serve our. goals These theorics were proved
based on definitions that werc introduced in
the previous section.

l------“--'---



-‘ transfers tvLo dlﬁ'érent points, x; and x; of one

_ membersh:p ﬁmctlon into two different points

of anthcr tmembershlp function, y; and y,,

. Where “ l

y|
- xl

I heorem 2'
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B = A% ~ X,

X3 = X

©)

Let. A be the achxevement level of the DM, Ae
I and A éa,, az, [03, ay ), then there exists an
, ,mterval [1]-[b1 ,,bz] that represents the DM
preferences for each objective function Jj and
a,sb,saz, h; 5b25a4

M ‘\Il

i I .
1 E .
TR
sl g
e E . Quadruplets
i a; a; as ay o
: Figure 1. . Trapezoidal membership function .
: Theorem 1. 5 : © Where 4; = (a), a, a, adVvVk=12..,Kisa
There cxxsts ohe and only one linear . fuzzy number corresponding to the DM'’s
‘ tansfonnatlon L‘ X - a x +§ which linguistic ~ term, which represents his

prcfercnccs, and X is the number of lmg,msuc_

terms of each objective function f, ie., it is
the number of lmguxstnc terms of the
corresponding membership function.

Proof .

As illustrated in Figure 2 and from the basic
mathematics. =

bi= A (axay)+a “)

and

A by=A(as-ay) +ay (%)

From equations (4) and (5) we can find an
interval [b,,b;]c 1 using A and the linguistic
term Ay = (a), a3, a3, a,) .

o
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A
14 .
: ' : : Quadruplets
0 ar« b a as b, a, 1 -

Figure 2. Acceptable interval of a linguistic term
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: the lmguxstlc Qlanables Ay at certain achievement level A,

k

‘ .

o Ifil¢c [0 1] represents the DM’s preferences

- for obJLectwe ﬁmctlon Jiand value of fi(x;) is a

mono{omc ﬁJnctlon, then we have

{ |

T [041] ->[fhﬁ«

‘ Where fi= min f ), Ju= max f; (x),

. mcreasmg functlon,

l

L
“Resuitl

g If[I] T' [b,, b;] c[0,1], represents the DM's

: preferences about function fjand fis a
: mono%mc function then we can find T'; [1}= -
 Bubdolal |

Ve

jzmnwfmumvmw
| Proof i

Smcef mmf @) S M) <) < fxn) S fo
= max 5 (x), then f is a monotonically

then there is a_linear
!

P ;
. ‘ 1
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| -
‘ j 5 | If A '=|0 thenlb,= a; &b=ay i.e. [b), b2] ={ay, aJ] S 6)
If;(; =1 then bl may&b=as -ie.[b), bJ] =[a3. as] 0
‘ | ':Froni équatlohs 6 and 7, then b, €lay, a;), b, €la;, as} and the corresponding linear transformation
2 can be wntten as follows:
U @l if A=0 .
= Ld)= Kﬁ ~ai+ay(a-a)i+a] i 0<i<l - )
U el if 4=l

So, tihe mterVal-value fuzzy number L(4) can be used to represent the DM’s preferences instcad of

transformation from any interval to it.

By using theorem (1) and by replacing x, x;, x;,
y, yrand y2 by b, 0, 1, ], fi, and f, cquation
(1) will be

I ad/] S
=0 ' Peise
“ 1=ab,+ﬂ ’
. l=(ﬁ,-!Db1+ﬁ ©)]

“The same applies for finding u

Su=(fy-f)btfi ' (10)
So, from equations (9) and (10) we can
transform b, b, e [I] into their equivalent /, u;
ie,that [P =r,r=[/,u)and

I=(fu-f)bi+fi and u=(fy-fi) b2+ /i
From lemma (1) and result (1), the DM’s

preferences for his/her achievement level A can
be represented mathematically according to the

following theorem.

- n-mmwmﬂ!‘ﬂ
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Theorem 3.

For cvery achicvement level A and linguistic
teem Ay = (a;, az a3 a;) of any objective

function f; there is an interval [1; u] < [, £ that

represents the DM’s preferences. That means,

there is an interval [/, u] that represents the
DM’s preferences instead of the linguistic term

and the achicvement level A.

- Where: 1= (o) LA (arap+ai] + fi and

u= (fuf) [A (@s-aiy+aj] + i
Proof

The theorem can be easily proved as follows:
From result 1, and equations (9) and (10) we get
I=(u-fD) b+ fi and  u=(f,-f)
bt f; (11)
Replacing by, b; by their values from Theorem
2, in equations (3) and (4) we will'ﬁn.d that
= () [A(ara)ta] + (12)
u=(if) [Alarayrad+fi  (13)
The values of / and u equations (12) and (13)

can be used to represent the DM’s preference (

. Acand A4) concerning the objective function f,

Based on definition 4, the following result can
be stated: ‘

Result (2): '

Let / be a real-value function in y. and y=[l, ul.

' Let f be bounded from below by inf{ /) and

from above by sup(/) and y= [1 ule|
I hsup(A).
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Then the membership function u,(z) which

maximizes.f; can be defined as follows:
Where: inf(/) =l and sup(f)= u
Proof

Where f is monotomcally ( increase or
decrense) and bounded from blow by min j
and bounded from above by max j]. Then f is
bounded over the period [min £, max ;.

Where f(x) is monotonic function so for every
Wl ulg [min o , max f; ] is bounded from
blow by f/) and from above by fu) over the
region y. By using definition (4) then the fuzzy
set A={y, u1()} with
| -1
)= L
is the fuzzy maximized set of y .

. Problem Fo latio

‘The purpose. of a MODM problem is to

optimize J different objective functions subject
to a set of constraints, A mathematical
formulation of the MODM problem known' as
the Vector Maximization Problem (VMP) is

PI: Max f(Cix), j=12,...J

St x eX={x= R"lg,(A,,x){ =2
Yo, 1=1,2,..., m, x20}, '

Where: L
x is @n n-dimensional decision véctor,

Ck=(Chiy Chay 100y Chr),y

B e R S

Ry vy Sk

ISP, N

2 eren e amme -}
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i ’ Al“‘: (al'l, 425+ »
i
1
i

1] aln)’
bi = (bih b(Z,- vy bln)T’
X is the decision space, and

56) ;is a vc@tor of j real-valued functions

In order to makc the problem non-tnvnal it is

assumed that the objectlves are in conflict and

incommensurable. Zimmermann [10] suggested

each

1. Solve | objective
individually under  the set
constraints,

2. Construct the payoff table,” o

3. Find the Minimum /™ and the

maximum ™ for each objective

function, and

“a solution ‘method to solve such problems by 4. Formulatg the model P2 by substltutmg
converting the fproblem Pl into a single the values j]‘f"‘ and ﬁ‘“" in equation
objective function model P2 by using the (15).
following steps: ‘ | '
- f(x) .fl(x)ij
(fj( )) ! — s mn ;e sf,(x)sf,"'" (15)
T = f,G)s £
P2: Max S ‘
st BSulie), j=1,2.k (16)
xeX={x=R"|gdi x){ S, = 2 }by, i=1,2,..., m, x20},

0 S‘

B s 1

- 6.The Suggested Approach

- The accuracy of information obtained from -the

- DM and his/her right selection of an efficient

~ solution can be affected by the long period of

- interaction

with a mathematical algorithm.

5 Meanwhile, the sclected solution may not be the

. bcst one that matches hls/her preferences. So, in

this paper we discuss an interactive approach
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for solving MODM problems in a fuzzy
environment based on the DM’s linguistic

preferences and using the concept of the -

bounded objective method [18]. We as:suine '
that the DM has a fuzzy membership function

to represent his/her degree of achievement A
for gach objective function Vj as illustrated in
Figure (3). The interaction with the DM will be

ﬁxﬁcﬁon o
of -

— o _ -
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done tllrox,fglx the base linguistic term (such as,
Low, Medium, High) achievement for each
objective function. The approach defines a
function 7' (o trausfer the linguistic term Ay with

an achievement level 4; that represents the DM

_ preference  to thc correspondmg achievement

' interval [LJ, Ui of each obJectxve function j; as

follows: :
In case of max f; (x):

Lj = ("/}ﬂmx _jjjlnin) [,2~(a2-a1)+a1] +fmin (17)

S [ (as-a)+ad + ™ (18)
In case of min f x): '
L f'ﬂill f‘ll‘lx f“ln) [& (a3_04)+a4] (] 9)

== (P A [ (aran)tar] (20)
thrc:
A is the depgree of achicvement of objective
function f), (ar, az as ay) is a quadruplet of the
linguistic variable that represents the DM’s

preferences of fi, L; and 'Uj are the lower and

P

upper bounds that can be used to represent the

acceptable range of achievement for each

objective function, f}“‘" and ™ are the -

- . i ’ .
minimum and maximum values of each

objective function from the payoff table.

. So, we will use equétions (17-20) to find the

achievement intervals that represent the DM
preferences and replace equation (15) with
equation (21) in the model P2.

l L fx)zU

f -
IT(I")_TIf L=< fx<U, (1)

r"j(fj(x))=

0 )<L,
We can raduce the constraint (20) in model P2
into the following form
AU - L) (U~ fi%)

AU-L) +f5) S ) @2

Low

Medium

High

.9

1.

Figure 3 Degree of Achiovement Puzzy Membership Function
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7. Proposed IntcractlveA I'oac

The suggested approach to solve the MODM problem based on the fuzzy preferences of the

decision maker and using the concept of fuzzy sets, can be summarized as follows:

Step 1: Max (0, j=1,20eed]

ST, x eX={x=R"| g, 0{ S =2} by i=1,2,...,

m, x20},

let x;" (/=1,2,..K) be the'optimal solution to the objective function fi(x).

Take Max &Y= i

Step2: Construct the payoff table by calculating the value of each objective at each optimal point -

L)

Step 3: Find Minf{(x;) =™ Vv, from the payoff table.

Step 4: Interact with the DM to discover his/her preferences in a linguistic variable form

corresponding to each objective function.

Step 5: Transfer the linguistic variables (preferences) for each objective function into their
corresponding lower bound Ly and upper bound U using its corresponding degree of
achievement FM function and the ™" and the ™ V.

Step 6: Formulate the single objective function model P2.

Step 7; Solve 12,

Step 8: Represent the solution to the DM. If he/she is satisfied go to Step 9, otherwnse go to Step 4.

Step 9: Stop.

" 8. The FESGP Architecture .

The role of FESGP is first, to interact with DM

to define the suitable number of linguistic terms
to be .ncluded in MF based on the natural
language that DM uses. Then, 'the system
calculates the acceptable interval [U;, Lj] of
~ cach objccti\:/c function based on the type of the
- objective function, DM preferences and the

nunber of . linguistic terms that he/she uses.

) Input gl;ta; (2) Specifying

maximal and minimal bounds for each objective

following:

I11-34

function; (3) Determining the aspiration level
for each goal; (4) Constructing MF; ‘and (5)
Constructing the GP model. In order for FESGP
to satisfy these requirements, it must contain the
following five major parts in its architecture:
Fuzzy
knowledge base, Linear programming package,
and GP package. We will describe the first three

User interface, Inference - engine,

' parts in greater detail,

Consequently, FESGP will support DM for the 8.1. User Interface -

This. part of the program contains the interactive

. queétions that are divided into two parts, the

I BN W T B WS O WS I A I D S D S B B B e e
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« Rule (1),

first part contains the questicns that deal with
the problem structure; and the second part
contains - the

'questions  concerning DM’s

linguistic preference.

8.2. Fuzzv Knowledge Base

Knowledge-based systems (KBS) are computer

systems  designed to functions

performed by a human being. KBS can perform

replicate

such tasks as selecting the right grade and kind

of material for  customers, diagnosing
equipment failures, and scheduling machines on
the factory floor. Other similar systems exist

which sales

give advice in  auditing,

management, media  selection,  configuring

computer systems, assigning rcoms to. guests at
hotels and decision making [29]. The fuzzy
" knowledge base can be represented by different
forms such as; frames, semantic networks or
production rules which are commonly used. As
presented in previous sections, the logical rules
can be divided into two sets: rules to determine

the number of linguistic terms, and upper and

~ lower bound rules. These sets of rules can be

described as .follows:

First: Linguistic Terms Rules:

'linguistic preferences  described  previously.

This set of rules can be written as follows:

I DM Preference is Perfect OR
DM Preference is Don’t Care

I11-35

This set of rules is concemed with defining the

number of linguistic terms that fit DM’s .

THEN
No-of-Linguistic-Terms is 7
Fule (2) s
IF (DM Preference is ngy High OR -
DM Preference is Very Low) AND
(DM Preference is not  Perfect
OR DM Preference is not Don’t
’ Care)
THEN .
No-of-Linguistic-Terms is 5
and so on.

Second: Upper and Lower Bounds Rules:

This set of rules is concerned with calculating
the intervals that represent DM’s preference,
“le., the upper and lower bounds of each
objective function according to DM’s linguistic
preferences, the objective function type and the

number of linguistic terms-used. Considering d;

Max . M, this set of rules can be written as

follows:
Rule (1) :
IF The Objective Function; Type is Maximization
AND DM Preference; is Perfect
AND"  Number of Linguistic Term is 7 )
THEN .
L=d)[0.07 A +0.85] + FMn
AND U= 4
Rule (2)
IF "The Objective Function; Type is Maximization
AND DM-Preference;is Very High
AND Number of Linguistic Term is 5
THEN '
L;=d;[0.12 A+ 0.88] + F" AND
U=
and so on.

i
8.3. Inference Engine

The inferencé engine is the process of deriving

new information from other known information

- -



used in an .expert system (ES). It contains
mechanisms, :stmtegies and control used to
apply to the
problem. FESGP uses inference engine with

manipulate  and knowledge

‘backward chaining existing in the VP-Expert
shell. VP-Expert can use backward and forward

chaining.

9. Illusfl'ntiveéExampJ_g

To illustrate the approach, consider the

following nutrition problem as an example of

Problem formulation

Min f3(x) =24 %+ 27X+ 15 x4+ L1 x5+ 52 %6
s.t. :

muitiobjectivé linear programming proBlem
[18]. The nutrition prol;lem is to find the
quantities Qi’ certain .foods to meet nutritional
requircmenfs the minimum daily requirement of
vitamin A Eand iron; and the balanced daily
requircmenf of food energy and protein; and
seek the following objective functidns (D)

Minimum cost, (2) Minimum cholesterol daily.

intake.

: Minf,(k) =0.225 % +2.2 X3+ 0.8 x3+ 0.1 x4+ 0.05 x5+ 0.26 x;
- MinfAx)= 1O;x1 +20 X3+ 120 x5

720 x; + 107 x2 + 7080 x3 + 134 x5+ 1000 x¢> 5000,

0.2 %+ 10.1 X3+ 13.2 X3+ 0.75 x4 + 0.15 x5 + 1.2 x> 12.5,

344 x; + 460 X, + 1040 x3 + 75 x4 + 17.4 x5+ 240 %4> 2500,
18X+ IS X+ 78 X3+ 2.5 x4+ 0.2 x5+ 4 x62 63,

X1£6.0, X2 1.0, x350.25, x4510.0, x5<10.0, x554.0,

x20Yi=1,2,.6.

By solving eécll objective function separately
and calculating the other objective functions at
the solution point we can construct Table (1).

From this table we can find the minimum and

the maximum values of each objective function.

After that using Table (1) and the degree of the
achievement fuzzy membership function Figure
(4). We can

functions of all the objective functions,

formulate the membership

. N

From the payoff table we Tound that;

1-36

225556 <f; <3.95044,

17.9070 < <96.6860, and

150.0464 < f; <411.97680.

Present the payoff table to the DM. Assume the

DM represents his/her preferences according to
the trapezoidal membership function shown in
Figure (3) and the linguistic variables usgd.to
interact with the DM (&, A) were (medium,
70%), (high, 80%), and (low, 70%) regarding
the improvement of each objective functions f;,

J2, and f3 respectively. By using the payoff table

intake, and (3) Minimum carbohydrate daily'

1



the membership function'can be formulated and:

we can  determine  the - corresponding
achievement iﬁterval of each linguistic variable
concerning the objective functions f;, f;, and f;
respectively. So, by using fuzzy linguistic terms
of fuzzy memberslﬁp -functions, their
achievement level, and equations (17-20) to

determine the values of (U and L)) for each

objective function, we found that (L= 2.88267 '
U;=3.32333 Lg = 17907,U; = 43.11628, L; -

=325.53977 and U;=411.9768).

B .
So, the problem can be reformulated using

equation (21) “fi) + AU; - L) < (Uy” asin
P2:

.

< Ji /i £
Soluti
x| 225556 | 67.82900 | 281.67200
X2 2.94291 | 17.90700 | 411.97680
x5 3.95044 | 96.68600 | 150.04640
Table 1. Payoff Table
P2: Max 8
sit,

720 X, + 107 x5 + 7080 x; + 134 x5 + 1000 x4 2 5000,

0.2x+10.1x,+13.2 %3+ 0.75 x4+ 0.15 X5+ 1.2x5212.5,
344 x; + 460 x, + 1040 X3+ 75 x4+ 17.4 x5 + 240 x4 2500,

18, + 151 xp+ 78 X3+ 2.5 x4 + 0.2 x5+ 4 x4 2 63,

X160, x<1.0, %5025, x,<10.0, xs<10.0, XS 4.0,
0.225 x| +2.2 %+ 0.8 X3+ 0.1 %4+ 0.05 x5+ 0.26 x4 + 0.44067 #< 3.3233

10 x; +20 x, + 120 x; +25.20928 /< 43.11628

24 %)+ 27 3+ 15 x4+ 1.1 x5+ 52 x¢ + 86.43703 p=<411.976

X/ZO Vl, ﬂZO
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Solving the model P2 by using STORM
package the following solution: X = (2.8097, 0,
0, 10, 10, 2.5394), B = 0.59576 and the value of

cach objective function is as follows. fi=
2.79243, £, =128.097,and £3=360.482.

From the above result we can conclude that the
solution fits the DM’s preferences where the
values of the objective functions located
between the lower and upper bounds of each
objective function that were calculated from
cquation (17-20) to represent the DM’s
linguistic preferences of each objective function

in the mathematical model.

9. Conclusion

For solving MODM problem, Werners’ method

'[8] considers that the DM has to construct and

modify the membership function for each
objective. Tapia and Murtagh [11] consider that

the DM has selection criteria of the best

compromise ~ solution  and"  non-negative
underachievement that he/she is willing to
accept for each objective function. But, in most
practical cases the DM has no knowledge about
the mathematical model. However, using the

linguistic evaluation approach proposed in this

- paper, the DM will be able to express his/her

preferences in. a more direct and adequate way
when he/she is unable to express it precisely in
the sense of using the mtural language in the

interaction, a -preferred compromise solution is

I11-38

”

easy to find in the sense of considering the
DM’s linguistic evaluation of each objective

function, and a minimum execution time as a

resuit of a minimum interaction time.
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