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Abstract In real life situations, the decision mak-
ers” outlook is more precisely expressed in terms
of membership and non-membership expressions.
Therefore, intuitionistic fuzzy terms are best suited
to deal with such information to avoid any loss
of information. This paper aims to investigate the
matrix games with the payoffs matrix represented
by Atanassov’s intuitionistic fuzzy terms (IFTs).
The motive behind this is to study extensively the
important properties of such games and to estab-
lish the mathematical programming methodology
of the IVI2TLT games. The methodology proposed
develops the solution concept following Inuiguchi
et al. [18] approach, to solve such games; the crisp
equivalent problems of respective players’ are free
from binary variables. It has been established that
solving such a fuzzy game is equivalent to solving
a pair of (crisp) multi-objective linear program-
ming problems using an indeterminacy function
for each goal. Finally, the mathematical models
are reduced to nonlinear programming problems
to acquire the optimal strategies for the players.
An example is illustrated to validate and applica-

bility of the proposed technique.

Keywords intuitionistic fuzzy set - matrix games -
multi-objective linear programming problems -

non-linear programming problems

1 Introduction

The matrix games with single Intuitionistic fuzzy
goal of each of the two players, has been studied
earlier [1,14,20]. However, we can have a game
theoretic model of a real problem with multiple
objectives (like, costs, productivity, time, etc.) by
making a one to one correspondence of each of
the objectives for pay-offs. Since each player has
multiple goals, the concept of vector optimization
appears to be more suitable. But comparing the
pay-offs of the players in two person zero-sum
multi-objective games is much more difficult than
comparing them in scalar game, and the classical
optimal solution concept is no longer applicable.
For this reason, a new solution concepts of Pareto-
optimal security strategy has been proposed in
[15].

One of the earliest study to analyze the maxmin
and minmax values of two person zero-sum multi-

objective games is due to Zeleny [25]. By intro-
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ducing a parameter vector A, the game reduces
to a parametric linear programming problem. He
then discussed the concept of Pareto-optimal so-
lutions and ideal points for two person zero-sum
multi-objective games. Further, Cook [12] intro-
duced a goal vector and formulated such games
as goal programming problems, while Corley [13]
presented the necessary and sufficient condition
for optimal mixed strategies for the same. Ghose

and Prasad [15] introduced the concept of Pareto-

optimal Security Strategies (POSS) for multi-objective

two person zero-sum games and obtained it by
scalarization of the original game. Fernandez and
Puerto [16] studied the same game model as that of
[15] and established an equivalence between POSS
and efficient solution of a pair of multi-objective
programming problems.

Though single objective two person zero-sum fuzzy
matrix games have been studied extensively in the
literature ([22],[9]), the results on multi-objective
scenario are rather scarce. The main contribution
in this direction has been the work of Sakawa and
Nishizaki [22]. Their approach was to associate a
fuzzy goal with respective payoff matrix and de-
fine the solution in terms of maximizing the de-
gree of minimal goal attainment for each player.
Further, Aggarwal et al. [3] has also studied mul-
tiobjective two-person zero-sum games but with

different approach.

1.1 Preliminaries

For all the notations we shall be following [5-7,
14]. Using the Hurwicz’s optimism-pessimism cri-
terion [17], for a fixed A, A € [0,1], an I-fuzzy set

A is transformed into a fuzzy set A whose mem-
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bership function is described by
fid,x) =1 = AD)puz(x) + A1 —v4(x)), x e X

This function is called as indeterminacy resolving
function of A. The parameter A depicts the outlook
of the decision maker towards resolving indeter-
minacy; A = 0, means that the decision maker re-
solves indeterminacy fully in favor of membership
(complete optimism in resolving indeterminacy),
while A = 1 indicates that the decision maker re-
solves indeterminacy fully in negation of the non-
membership function (complete pessimism in re-
solving indeterminacy).

Consider a multi-objective optimization problem
with | goals and w constraints. Let the set of goals
be G,, r = 1,2,...,,1 and let the set of constraints
be Cy,k = 1,2,...,w, each of which can be char-
acterized as an I-fuzzy set on the universal set X.
Angelov [4] used the Bellman and Zadeh's exten-
sion principle [11] and defined the I-fuzzy decision

as follows:

D=GinGn ..nG)NEC NG N..Nn Cp)

with

D = {(x, up(x), vp(x)lx € X},
where

pp(x) = rrfl}(n{#c, (), pe, (0}
and

vp(x) = H}%X{Vc, (), ve, ()}

Angelov [4] associated a value function with D as
Vo = pp(x) —vp(x), x € X, and the optimal so-
lution is defined in the sense of finding an x* € X
such that V5 (x*) = maxsex Vp(x). Dubey et al. [14]
implemented Yager’s [23] idea of resolving inde-
terminacy in the interval uncertainity represented

by I-fuzzy sets in optimization problems. It was
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observed that this approach can yield a better op-
timal value for decision making problem than the
one proposed in [4]. We briefly describe decision
making approach in I-fuzzy environment as given
in [14]. Let A € [0, 1] be fixed. Associate a fuzzy set

D, having membership function explained as

fo(d,x) = n}}(n{fc';,(/\, x), fe,(A, x)lx € X},
where fe (A, x) and f¢ (A, x) are the indeterminacy
resolving functions of the I-fuzzy sets represent-
ing the 7' goal and the k™ constraint, respectively.
Then, x* € X is an optimal decision, if fp(A,x*) =
maxyex fp(A, %), that is fs(A,x*) = fp(A,x), ¥V x €
X. Hence, solving an optimization problem with
Atanassov’s I-fuzzy goal is equivalent to solving

the following optimization problem:

max o

\%

subject to f& (A, x) a, r=1,2,..,1

feAx) 2 a, k=1,2,..,w
0<a<l xeX

where a = min f5(A, x). Though there is no unique
way to define an I-fuzzy inequality a’x >'f b, for
anya, b € R", the n-dimensional real space, but two
natural approaches are "the optimistic approach’
and "the pessimistic approach’ as explained in de-
tails by [1,17] and [14]. For a given acceptance
tolerance p > 0, the linear membership function
associated with this inequality is described as fol-

lows:

1; alx>b

T = _ b—a"x. _h T

plax) =41 I b-p<ax<b
0; alx <b-p.

Let 4 (0 < 4 < p) be the tolerance in rejection of the

I-fuzzy inequality a”x 2 b. The linear nonmem-

bership function in optimistic and pessimistic ap-
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proaches are defined respectively as follows:

V(aTx) :voptimistic(aTx)

0; alx >b
=11 alx—b+p+4 b—p_t<aTx<b
e b-p-g<a’x<
1; aTbe—ﬁ—L?

v(aTx) :Vpessimz'stic(aTx)

0; alx>b-p+

(N -

b—p<alx<b-p+4q
1; alx <b-p.
The I-fuzzy inequality a’x < b is treated equiva-

lent to (—a)Tx 2 (=b).

1.2 I-Fuzzy Multi-objective Two Person Zero-sum

Game with I-Fuzzy goals

Let V] and W] be the scalars representing the aspi-
ration levels of players I and Players II correspond-
ing to rth pay-offs (A", r = 1,2,...,1), respectively.
The I-fuzzy multi-objective matrix game with I-

fuzzy goals, denoted by IFMOMG, is defined as

IFMOMG = (§™,5", A", V,/, 2F

Y
¢ NpO/qO 4

Wor S,

r=1,2,..,1, where p} and g are the tolerance lev-
els associated with the acceptance and rejection of
the aspiration level Vj for Player 1. Similarly, s,
and #] are the tolerance associated with the accep-
tance and rejection of the aspiration level W," for
Player Il (V r =1,2,....,]). Now Player I problem is
to find x € " such that xTA’yzglq; V,, Yyest,
and Player II problem is to find y € S" such that
xTArysigF,tEWg, Vx € §", r = 1,2,...,1. In other

words, the Player I problem, associated with the
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" pay-off matrix is

(IFP-I) Find x € ™ such that

AT Ve, j=1,2,m.

Similarly, the Player II problem, associated with

the ' pay-off matrix is

(IFP-II) Findy e S" such that

Aly <, wr,

~gl 4
SU/tU

i=1,2,..,m.

Definition 1 Security level of satisfaction for
Player I For a strategy x € 5™, the security level of
satisfaction for Player I corresponding to " pay-
offs is

a(x) = 1rn<ji<I}1 fi'(A,xTA}

Therefore, the security level for Player I is an 1-

tuple vector, given by
OZ(X) = [al(x)/ aZ(x)/ s (X](x)].

Definition 2 Security level of satisfaction for
Player II For a strategy y € S”, the security level
of satisfaction for Player II corresponding to r"

pay-offs is
pr(x) = min g/'(4, Ajy)

<i

Therefore, the security level for Player II is an I-

tuple vector, given by
pW) = [B1(v), P2(y), .. Hi)I.

Definition 3 Pareto-optimal security strategy for
Player I A strategy x* € S™ is a Pareto-optimal
security strategy (POSS) for Player I if there is no
x € 8" such that

a(x’) < a(x) and a(x’) # a(x)

Definition 4 Pareto-optimal security strategy for

Player II A strategy y* € S" is a Pareto-optimal
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security strategy (POSS) for Player II if there is no
y € §" such that

B(y’) < p(y) and B(y") # (y)

If x* is a POSS for player I, then his security level
is given by a* = a(x*). Similarly, if y* is a POSS
for player II, then his security level is given by

B =BWy)

2 Proposed Approach
2.1 Model in Optimistic Framework

Let p) and g be the tolerances pre specified by
Player I for accepting and rejecting the aspira-
tion level V] in (IFP —I) for all ¥ = 1,2,..., 1. Let
f],r()\, Aix), j = 1,2,..,n, be the indeterminacy
resolving functions for r = 1,2,...,I. Next, let s,
and ] be the tolerances pre specified by Player
II for accepting and rejecting the aspiration level
Wl in (IFP —1II) forall r = 1,2,..., 1. Let g;()\,A,-y),
i=1,2,.,mforallv =1,2,..,1. The membership
and the non-membership functions for Player I in
optimistic view with tolerances p, and ¢ for all
r=1,2,..., 1 are as follows:
1 xTA; >V

xTAT-V?
j

WETAD =14 5 V- <aTAL SV,

. T r
0; X A; <V, -p.
and
oAl AT r r r
L x A] = Vo_po_qol
1— XTA;—(VE—PS_%)‘
ren T ATy Po+do ’
vi'(x A].) =

T
Vo=—po—go <x AT < Vg,

0; xTA” > V.
j
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The indeterminacy functions for f;"(A, xTA;), j=

1,2, ..., n for Player I are as follows:

Al AT r r r

0; x A]. < Vo_Po_qo/
L AGTA(Vip)
hj= oty ’

—ph— g <XTATS Vi —pp,
£, A7) =

— 2T po+(1- A)%.
f2]’—1+( ArX—V) AT

r r T Ar 4
V —pOSxAjSVD,

0; xTA; >V,
Similarly, for Player II, the membershiip and the

non-membership functions with tolerances s, and

t! are
1, Aly<W;
WA
wi(Ay) = 1+ =, Wr < ATy < W)+,
0; Aly>W," +s),
and
0; Aly<W,
AT (V7 =" —"
T(AT T+ = (s’:—tfﬂ to)[.
Vi (Aly) — 0T ko
Wy < Ay < Wi +s5+ 85,
1, Al > Wy +s, + 17,

respectively. The indeterminacy resolving func-

tions g{(A;y), fori=1,2,..,,m, are as follows:

1L Aly<w;

gin =1 (Aly = Wo) gl

so(so+ty) 7
W, < ATy < W+,

 AWgspH=ATy) |
82 = sp+ty) 4

gi'(AAly) =

r r T r r
Wiy +s, <Ay < Wy +s;, + 1,

0; Aly> Wy +s; +1,.

In the absence of any information about the atti-
tude of the decision maker towards resolving in-
determinacy, we continue to take A = % only. In
this case fjr(A, A;x) and g7(A, Aly)) respectively, for

allr=1,2,..,,j=1,2,..,nand i = 1,2,..,m, the
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indeterminacy resolving functions are described

as:
0; XTATSVi—pi—q
(TAL=(Vi-ps—q0))
hi=
f,i’(xTAr) _ _po q" < xTAI < V?’ pr)/
! J f — 1+(XTA7X V) it .
2j 295+
Vi—pl < xTA; <V,
0; xTA; >V,
and
1, Aly<W
25+
gin = 1- (A y-= W, )257i5++t’)"
Wy < Aly < Wi+,
gi'(Aly) =

(Wit +-ATy)
A+t 7

g =
Wy +s, <Aly < Wy +sp + 1,

0; Aly>Wg+s; +1.

respectively. It is important to note that for all
- T P

r=12,..,1, f].r(x A;), j=12,.,nand glf(AlTy),

i=1,2,..,m, are piecewise linear S-shaped func-

tions with convex type break points. We follow

Inuiguchi et al. [18] algorithm to convert them

into piecewise linear functions with only concave

break points. The procedure transformed fjr (xTA;), j

1,2,..,nand forall¥ = 1,2,.., [ into piecewise lin-

ear functions f],rl(xTA;), j=1,2,...,n with concave
break points only. Therefore, following Yang et al.
[24] method for (IFP — I) for Player I is equiva-
lent to solving the following program Equivalent

Optimistic Problem (EOP - I):

(EOP-1) max(ay,ay,...,a;)
subject to
elx = 1,

x>0, a, €[0,1].
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Theorem 1 The strategy x* and vector " are POSS
and security level of satisfaction, respectively for Player-
I, iff the pair (x*, &) is an efficient solution to the mul-

tiobjective problem (EOP — I).

Proof Let x* be a POSS for Player-1. Then there is

no x € S™ such that
a(x’) < a(x), a(x’) # a(x).
Therefore, for all x € S™, either

(1 (x"), aa(x*), ..., ap(x?)) = (1 (x), (%), . . ., ay(x))
or there exists an index p, 1 < p <[, depending on
x such that a,(x) < a,(x"). i.e for any x € S" and

forallr=1,2,...,1], either

min (A, x*TA”) = min (A, xT A’
1sj3nf]( ! 7) 1sj5nf]( ! ])

or there exists an index p, 1 < p <[, such that

: P T pr : P T A1
min (A, x" A") < min (A, x*"" A"
1sj5nf1( ’ f) 1sj5nf]( ! J)

Hence, by the definition of efficient solution, x*
is an efficient solution of the multiobjective pro-

gramming problem : max{ 1m'in ( fj1 (A, xTAjl.)),
<jsn

: 2 T A2 : 1 T pl —
1In§]1£I}t(f] (A/ X A] ))/ LR gg}q(f} (/\rx A]))} Where {Xr(X) -

min(f7(A, xTA"), for all ¥ = 1,2,...,1. Further, us-
1<j<n ] ]
ing the representation of various memberships func-
tions [uy(xTA;), v;(xTA;) and f].’(xTA;) for all r =
1,2,...,1 and using the above algorithm, we get
(EOP —I) max(aq,az, ..., ap)

subject to

f;’(xTA;) >aq, j=1,2,.,n,1r=1,2,.,1
ex=1,

x>0, a, €]0,1].
where a, = a,(x), forallr = 1,2,...,1. Conversely,

suppose that an efficient solution (x*, a* = a(x*) of

(EOP - 1) is not a POSS for Player I. Then, there
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exists x € §", such that

a(x’) < a(x), ax’) # a(x). 2.1

By definition of a,(x) for r = 1,2,...,1 and j =
1,2,...n, (x, a(x)) is the feasible solution of (EOP —
I). Thus (2.1) contradicts the assumption that (x*, o)

is an efficient solution of (EOP —I).

Similarly, following the same algorithm [18] and
then following Yang et al. [24] method for (IFP —I)
for Player 11, is equivalent to solving the following
program Equivalent Optimistic Problem (EOP —
II):

(EOP —1II) max(B1, B2, -, B1)
subject to
S A 2By, i=1,2,m, r=1,2,..,1
ely=1,
y>0, B €[0,1].

Theorem 2 The strategy y* and vector §* are POSS
and security level of satisfaction respectively for Player-
II, iff the pair (y*,B") is an efficient solution to the
multiobjective problem (EOP — II).

The proof of this theorem follows on the lines of

Theorem 1.

2.2 Model in Pessimistic Framework

The decision maker has pessimistic attitude in ac-
ceptance amounting to saying that complete re-
jection of a criterion does not mean its full accep-
tance. Let p) and g be the tolerances for Player
I, associated with acceptance and rejection of the
aspiration level V{ in (IFP —I). Let f].r(/\, xTA;), j=
1,2,.,n, v = 1,2,..,1 be their indeterminacy re-
solving functions. Similarly, let s} and ¢, be the tol-

erances for Player II, associated with acceptances
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and rejection of the aspiration level W}, in (IFP—II).
The membership and the non-membership func-
tions for Player I in a pessimistic situation are de-
scribed as follows:

1; xTA; >V,

T xTAL-V!
A =41 4

Po

; Vi—ph < xTA; <V,
. 4T AT r r
0, x Aj <V, —p.
and
. T Ar r r
1, x A]. <V)-pl,
T AT T r
x A]‘_(Vo_pu).
o !
T
Vi —py <2TAT <V

v /(xTA;) =
~Po* s
~Po+ 4o

The indeterminacy resolving functions for Player

Lforj=1,2,.,nandr=1,2,..,

0; xTA" > V!
]

[ are as follows:

0; xTA’. <Vri-ypl,

fij = B0, (1 N XTA’}—VS).
h Po )’
Vo —ph < xTAL < Vi —p + 45,
fi'(A, 2T A = g
A;_vr
fj=1+(1-2)"

- +q, < xTA; <V,

1; xTA; >V, .
Similarly, for Player II, the membership and the
non-membership functions are as follows:

1; Aly < W,

ul(Aly) = 1+ 22w < Aly < W+,

0; Aly > W," +5s),
and
0; Aly<Wy+s,—tg,
ATy—(W'+s]
o 14 DY (tr "+S");
vi'(Aly) =

Wy +s, =ty <Ajy < Wy + s,

1, Ay Wi+s),

And the indeterminacy resolving functions ¢7(1, Aly),

fori=1,2,..,m, are as follows:

ISSN: 2393-9028 (PRINT) — ISSN: 2348-2281 (ONLINE)

L Aly< W,

gn=1+(1-

W, < ATy < W2+, — F,

T /\,Ar =
i ( 1]/) AsT+(1=A)t (1 + W;_A{y).

8i2 = I s
Wi+, —t, Ay < Wi +s;,

0; Aly =Wy +s,.

In the absence of any information about the atti-
tude of the decision maker towards resolving inde-
terminacy, we continue to take A =

forj=1,2,.,nandi =1,2,..,

1 only. Hence,
m, the indetermi-
nacy resolving functions for Player I and Player II

are described as:
. T aAr T r
0, x A]. <Vi-vl,

T Ar_yr
f,_P£+q2 14 24T,
1= o )’

VrE—p <xTAL S VI —pl + ¢!,
f,r(/\,xTAr') — o ]
] ] f‘=1+xTAj—VD_
2j 2;76 ’
-ph+q, < xTA; <V,
1, xTAZ >V, .
j
and
1, Aly<Wwg
gn=1+ & A’y,
AT Wy < Aly < Wi+, — 1,
& A, AY) =

St Wi-Aly
8 = 5 (1 + = );

0

Wi+, —t, <Aly < Wy + s,

0; Ajy > Wg +s,.
respectively. It is important to note that for all
r=12..,1 f]?(xTA;),j =

m, are piecewise linear S-shaped func-

2,..,n and g¢l(Aiy),
i=12.,
tions with concave type break points. Therefore

solving (IFP —I) and (IFP — II) for Player I and
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Player II are equivalent to solving the following

two programs, respectively.

(EPP - I) max(a1, ag, ..., af)

subject to
T Ar T
"4 gt x'AT=-V
P"zq,,q” {1 + ;r N>, =120,
o [
xTAL - V!
1 o
1+ 2]T >, j=1,2,..,n,
0
elx=1,

x>0, a,€[0,1], r=1,2,...L
and

(EPP — II) max(B1, B2, -, 1)

subject to
Wi —Aly »
1+ T > ‘Br, 1i=1,2,..,m,
s+t Wy = Aly )
Oztg - (1 7 - )Zﬁr, i=1,2,..,m,
ely=1,

y>0, 8 €[0,1], r=1,2,..1

Note that (EPP —I) and (EPP — II) are the crisps
equivalent of (IFP — I) and (IFP — II), respectively.
It is well understood, from section 2.1 that x* is a
POSS and o is the security level for Player I in the
Pessimistic view, iff (x*, a*) is an efficient solution
of (EPP - I). The proof is similar to Theorem 1.
Similarly, y* is a POSS and §* is the security level
for Player II in the Pessimistic view iff (", f*) is an

efficient solution of (EPP — II).

2.3 Numerical Illustration

Let us consider the numerical example as taken
by [3], but having intuitionistic fuzzy goals. Here,
we solve all numerical problems using GAMS [21].

Consider the multi-objective matrix game having

payoff matrices
2 51 -372 8 23
Al=]-1-26| A*=]0 -20[, A’=|-560
0 3 -1 3 -16 -316

as the cost matrix, the time matrix and the produc-
tivity matrix, respectively.

Solution by the proposed method

We solve this problem with same parameters as in
[22,3,8] so that we can compare the results.

Thus V! = @' = 6, WL =4l = -2, p! =5 =

0

3 _ =1
Po” = So- = 4

g?=4,¢40=10,and t! = 6,12 =4, £ = 7 as in [8].

—a' = 10. Also, we take g} = 1,

Assuming A = % After resolving indeterminacy,
we get the piecewise linear indeterminacy resolv-
ing functions, with convex break points. Incorpo-
rating Inuiguchi et al. [18] method, we transform
the indeterminacy functions with convex break
points into concave break points. Thus making the
problem ready to solve as a multiobjective pro-
gramming problem, resolving the ambiguity. The
equivalent crisp problem with constraints having
concave breakpoints for Player I is given by (in
optimistic sense):
(EOP-I) max(ay, an, a3)

subject to

0.6691x; — 0.3345x, + 1.0036 > a1,

0.2788x1 — 0.1394x, + 0.7578 > a1,

0.0995x; — 0.4976x, +0.7014 > o,

1.674x1 — 0.6698x; + 1.0048x3 + 1.0044 > «,

0.697x1 — 0.2788x, + 0.4182x3 + 0.7578 > a,

0.2488x; — 0.0995x, + 0.1492x3 + 0.7014 > «a;,

0.3345x1 —2.0072x, — 0.3345x3 + 1.0036 > a4,
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0.1394x; + 0.8364x, — 0.1394x5 + 0.7578 > a, Table 1 POSS and Security levels for Player I in Optimistic

0.0498x7 + 0.2985x; — 0.0497x3 + 0.7014 > a,
—0.6458x; + 0.6458x3 + 1.5069 > a3,
—0.3038x7 + 0.3038x3 + 0.9739 > ay,
—0.1084x; + 0.1084x3 + 0.7470 > ay,
1.5069x; — 0.4305x; — 0.2152x3 + 1.5069 > ay,
0.7089x7 — 0.2025x, — 0.1012x3 + 0.8859 > a»,
0.2529x1 — 0.0722x, — 0.0361x3 + 0.7470 > a,
0.4304x7 + 1.2912x3 + 1.5064 > a3,
0.2024x7 + 0.6072x3 + 0.8856 > a3,
0.0722x1 + 0.2166x3 + 0.747 > ay,
1.0482x; — 0.6551x, — 0.3931x3 + 1.9655 > a3,
0.4977x; — 0.31108x, — 0.1866x3 + 1.1089 > a3,
0.2031x7 — 0.1269x, — 0.0761x3 + 0.7971 > a3,
0.2620x7 — 0.7862x, + 0.13103x3 > a3,
0.1244x; — 0.3732x; + 0.0622x3 + 1.1089 > a3,
0.0507x7 + 0.1523x, + 0.0253x3 + 0.797 > a3,
0.03931x1 + 0.7862x3 + 1.9655 > a3,
0.1866x71 + 0.3732x3 + 1.1087 > a3,
0.0759x7 + 0.1518x3 + 0.7962 > a3,
X1 +x+x3 =1,
0<a, ap, a3 <1,
X1,%2,x3 2 0.
The Pareto-optimal security strategies with corre-
sponding security levels for Player I are depicted
in Table 1.
Similarly, the equivalent crisp problem for Player
IIis:
(EOP-II) max(f1, B2, f3)

subject to

— 0.3410y; — 0.8525y, — 0.1705y; + 2.046 > By,

Approach

#

S * * * * *
X X X3 a a4 a3

1
2
3
4
5

0.941210.0587| 0 |0.7658|0.6449 |0.2928
0.872710.0587 | 0.0684 | 0.7590 | 0.6598 | 0.2838
0.804210.0587|0.1369|0.7521 | 0.6746 | 0.2748
0.735710.0587|0.2054 | 0.7453 | 0.6895 | 0.2658
0.667210.0587|0.2739|0.7385 | 0.7043 | 0.2569

— 0.1416y; — 0.354y, — 0.0708y5 + 1.2484 > f1,
— 0.0556y; — 0.139y, — 0.0278y; + 0.94318 > B,
0.1705y; + 0.341y, + 1.023y; + 2.046 > f1,
0.0708y; + 0.1416y, — 0.4248y; + 1.2484 > B;,
0.0278y; + 0.05561, — 0.1668y3 + 0.9431 > By,

— 0.5115y, + 0.1705y5 + 2.046 > f1,

— 0.0834y, + 0.0278y5 + 0.9431 > By,

— 0.2124y, + 0.0708y; + 1.2484 > By,

0.5112y; — 1.1928y, — 0.1704y; + 1.8744 > B,,
0.0198y; — 0.0462y, — 0.0132y3 + 0.7895 > P,
0.0507y; — 0.1183y, — 0.0338y3 + 0.8806 > B,,
0.0341y, + 1.8747 > B,,

0.0132y, + 0.7895 > B,,

0.0338y, + 0.8806 > B,,

— 0.5112y; + 0.1704y, — 1.0224y; + 1.8744 > By,
— 0.0198y; + 0.0066y, — 0.0396y; + 0.7895 > B,,
—0.0507y; + 0.0169y, — 0.1014ys + 0.8806 > f,,
— 0.9544y; — 023861, — 0.3579y5 + 1.7895 > B,
—0.3968y; — 0.0992y, — 0.1488y5 + 1.1426 > B3,
— 0.144y; — 0.0361> — 0.054y; + 0.9092 > B5,
0.5965y; — 0.7158y, + 1.7895 > B,

0.2481y; — 0.2976y, + 1.1426 > B,

0.09y; — 0.108y, + 0.9092 > Bs,

0.3579y, — 0.1193y, — 0.7158y3 + 1.7895 > f33,
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0.1488y; — 0.04961, — 0.2976y5 + 1.14267 > p;3 Conclusion

0.054y; — 0.018y, — 0.108y3 + 0.9092 > £33,
n+yp+tys =1,
0<PB1, B2, B3 =1, y1,2,y3 2 0.

The POSS and the corresponding security levels
for Player II are depicted in Table 2. Similarly,

Table 2 POSS and Security levels for Player II in Optimistic
Approach

# 0 v Y; B B Bs
0.625 0 0.375 | 0.898 |0.7622 | 0.7989
0.62870.01869 | 0.3525 [ 0.8958 | 0.7632 | 0.7989
0.6366| 0.0581 |{0.3052{0.8912|0.7651|0.7989
0.6445| 0.0975 |0.257910.8866 |0.7671 | 0.7989
0.6523| 0.1369 |0.2106 | 0.8820|0.7691 | 0.7989

QL= W IN -

the Pareto-optimal security strategies with corre-
sponding security levels for Player I and Player
II in Pessimistic sense are depicted in Table 3 and

Table 4 respectively.

Table 3 POSS and Security levels for Player I in Pessimistic
Approach

#| x] e a ay

1| 0.875 | 0.125 | 0 |0.7265|0.1312 | 0.6634
210.8214|0.1785| 0 |0.7165|0.1874 | 0.6823
310.7679|0.2320| 0 |0.7064 | 0.2436 | 0.7013
410.714410.2855| 0 |0.6964 |0.2998 | 0.7202
510.6609|0.3390| 0 |0.6864 | 0.3560 | 0.7392

Table4 POSS and Security levels for Player ITin Pessimistic
Approach

# Y v, Y3 Bi B; B3
0.625 0 0.375 10.6380|0.5031 | 0.2060

1

210.6485| 0 ]0.3514|0.6345|0.5154|0.1931
310.7019]0.0097 | 0.2883 | 0.6211 | 0.5554 | 0.1648
4
5

0.707910.0397 | 0.2522 | 0.6027 | 0.5953 | 0.1648
0.7139]0.0697 | 0.2162 | 0.5843 | 0.6353 | 0.1648

1. A new model is constructed for studying mul-
tiobjective two person zero-sum matrix games
with I-fuzzy goals via resolving the indetermi-
nacy function. Thereby extending the results of
Khan et al. [20] to the multiobjective case. The
game is shown equivalent to two fuzzy multi-
objective fuzzy linear programming problems
involving piecewise linear membership func-
tions. The crisp equivalent programs are for-
mulated using Yang et al. [24] and Inuiguchi et
al. [18] approaches.

2. The efficient solutions of the equivalent multi-
objective (crisp) problems are POSS and secu-
rity levels of the I-fuzzy model.

3. Although this problem has not been much dis-
cussed in literature so far, but Bashir et al. [8]
has examined the same with a different ap-
proach, using score function.

4. The security levels for Player I defined by [8]

are
_ T T
ay(x) —{ngjlsf}i[#jr(x AN v (" A)]

=[min u;(xTA"), maxv; (xTA;
[1£j5n ‘I.l]( ])/ 1<j<n / ( ])]/

and the security levels for Player II are defined

as

r(x) = min [ (A7), v/ (A]y)]

<i
_ . T(AT T(AT
=[ min y; (Ajy), maxvi (Aiy)]-

However, our choice of security levels are mo-

tivated by the approach of Yager [23].

There is a great scope to extend the results to mul-
tiobjective Bi-matrix games with I-fuzzy goals by
resolving indeterminacy Also, it would be interest-

ing and challenging to explore the multiobjective
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two-person zero sum matrix games with I-fuzzy

goals as well as I-fuzzy payoff matrix. Further dis-

cussions can be made of the problem by third ap-

proach, called mixed approach.
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