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FUZZY GAMES OF SADDLE POINT EXISTED
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ABSTRACT

The classical game theorvswhich is based on the double value

logic theary, lose sight of much fuzzy information or grey intor-
mation. In most problems of complicated games; the states of sach
side of the game systems are not certain. Much fuzzy intormation
ar grey intormation is contained with in the reai game grocess.

Hence, distortion of decision making used the classical game theory
is considerable under tuzzy enviroment or fuzzy meaning.

In this paper, we introduce the fuzzy sets and possibility
theory tor dealing with the game prnblems undeé tuzzy circumstances

or tuzzy states; The some rough models of fuzzy game theory for

solvina problems involving fuzzy number and imprecise variables are

presented and the relevant illustrations are given.
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1. INTRODUCTION

The =ame theory is wideiy applied to military aftairs; physical

training > commercial production and so on . But the classical game
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theory 5 which is based on the double value logic theory ; laose siaght
of much tuzzy information and grey information . In most problems of
complicated game , the states of each side of the game systems are not

certain. Much fuzzy information or grey information is contained with
in the real game grecess . For example 5 in the commercial production
competition;the profit distribution ot each side ot competition is fuz-
ziness and in the military competition, not only gains and losses ot
the competition is fuzziness but also possibility applied tacticeses is
not certain. Hence, distortion of decision making used the ciassical
game tneory 5 considerable under fuzzy enviroment or fuzzy meaning.

How do we consider the fuzzy intfaormation and the grey intarmation
ot game probliems into the game processes and make theoretic decision
accord with the actual game situation . This study task would be a im-
portant study task ot game theory reseach

In this paper, we introduce the fuzzy sets and possibility theary
tor dealling with the game problems under fuzzy circumstances or fuzzy
states.The some rough modeis ot fuzzy game theory for solving praobims

invaolving fuzzy number and imprecise variables are presented and the

relevant illustration are given

Z . GAME PROBLEMS UNDER FUZZY

CIRCUMSTANCE AND FUZZY MEANING

In the most game problemss;uncertain elements contained with the
game grocesses are common occurrence » this uwuncertain eilements are
trequentiy shown fuzziness . Let us see a concrete example following:

Exampie 1 . A certain factory will determine a plan of the pra-~
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duct output of the latter half ot the year . According to past expe-
rience and market torecast » the proauct market predicted will be
three possibility * a gpod satle possibility as p(Bl) and a common
sale possibility as p(B2) and a bad sale possibility as p(B3 )

We use three tacticeses possibility to be : a big batch process as
P(Al) and a middle batch process as p(AZ2) and a smali batch process
as p(A3) . Possible profits under the situation (Ai » BJj ) composed

each pure tactics can be estimated also, to see table 1

Table 1 . product output decision table
e o e e +
i l product market :
| R T +
! ! Bl (good) | B2 (common) ! B3 (bad) '
| | —mmmmmmmmmne fmmmmmm s fmmmmmmmmmo e :
: ! P(B1) ' P(B2) | P(B3) |
R e e e fommm e fommm o :
i Al (big) P P(AL) | VH ! H ! VH '
| mmmmmmmm e m fomm e e pommmmm e :
' AZ2(middle)! P(AZ) | Vi ! . ' H
e b o e o o e e b ——————————— tommm———
b A3(small) |} P(A3) | M ! (N ' H
o e e +

HERE - VH=~--VERY HIGH ; H====HI1GH 3 M=—-=-MEDIUM 3
L===-L.0W ;3 Vi.—=~--VERY LOW

How do vou maxe decisipbpn analysis and rational selection of pro-
duct tacticses » tet business profit be maximum 7
supnse that the product tacticses are one side (1) of the game
Problem and the naturail states is other one(ll).There are tow outstan-
ding characteristics in the above--mentioned example : (1) the states
ot the both side ot the game system are fuzziness and one is presented
by imprecise ‘variables or fuzzy subsets . The descriptidn words
Ybig 5 middle » small 7 at the product tactics (1) are imprecise lan~-

-guage and the desicription words ” good ;» common 5 bad # ot the na--
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~tural states (IlI) are aiso . There are not putstanding [imit between
tacticses s;the sircumstance ot the game system |s tuzziness call tuzzy
circumstance .(2) The protits of each situation (Ai » Bj ) are wvague,
and it must be described by tuzzy numpers or imprecise variabies ( i.e
tuzzy subsets ) not distinct numbers . The profits are vague to call
tuzzy protit (or say tuzzy meaning ).
Detinition 1 . The game problems under tuzzy circumstance and

tfuzzy meaning are tuzzy game problems . The game theory dealling with
the fuzzy game problems call tuzzy game theory

Foliowing we will discuss the tuzzy matrix game probliems

3 .FUZZY MATRIX GAME

Detinition Z . Cali tuzzy matrix game G ,if G = S1,82s A
where S1 = { Ai } b= 1,2 53 5. ... 3om
§2={BJ} =L s 2 53 5...... s on
A= { Cij Im#n
Anty as m ,n 15 limited positive integer and CiJ is fuzzy numbers
Or imprecise variabies (i,e. tuzzy supsets) . A is calied the fuzzy

protit matrix
l.et us Intruduce
uor Cij === 0 ,1 ]
and thus
H = {uij Im¥n
it is cailed the tuzzy profit membership fuction (or grade) matrix
So the fuzzy matrix game G = { gl ;§? ’ ﬁ'} might become
G =1{ &1, SZsp 1

Detinition 3.5upose that there is a tuzzy game GN ={ 511,527, AAr}
~4 e ~r



102

and G = £§1 »S2 5 A}y BN is a G alternate state . Among wich Sin =

po
L An Y 1s the 81 = { Al J expand tactics set .and g2n = {BJN 1 s
the 52 = {B) l expand tactics set » AN = [ Eij 1, element‘ Eij is the
profits ot the situation (Ain, BN )
I the situation (Ai% , Bj% ) make
E1( Aix 5, Bj® ) = max m{n EiJ
[ J
E2(Ai% 5, Bjx ) = m{n max EiJ
J i
to tenable . S0 we consider the situation ¢ Ai¥ 5 Bj* ) be a optimum
(or satisfactory) situation aof the fuzzy matrix game G
The optimun ( or satisfactory ) situatiun‘( Ai¥, Bj%) ot various
tuzzy matrix games might be determined by differentiate dealiing with.
Tme toliowing we will put torward the way fhat tind the optimum s1-

~tuation (Ai%¥, Bj*) thet the {fuzzy matrix game have a saddle point

4 . FUZZY GAMES OF SADDLE PIONT EXISTED

Let us consider a fuzzy matrix game G = { S1, 82, A 1}
where ﬁ = { Qij ITm¥*n

supose that elements Eij have a special structure 5 we might imitate

the method that is to find optimum situation with the classical game

theory to tind the optimum situation (Ai% , Bj% ) ot the fuzzy matrix
game

Detinition 4 . supose that the fuzzy matrix game

G = { 51, 52 ; ﬁ } or G=1{ 81, 82, u 1

where 51 = { Ai 3} ‘ i =152 5 3 ,...... y m
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52 = { Bj } J

i

S 1, 2, 3, ...... » n
A= CiJ Imxn
U = {uijlm¥n

It situation (Ai%, Bj*% ) make equetian

max min Cij = min max Cij
' | ~ ' N ~
i J J l
and max Cij¥% = min Ci*j
s d L
! J
or max min pwij = min max Wi
i J J i
and max Wij¥ =min pi*j
i N
be tenabie s its reievant vaiue mark VG call the vaiue of the fuzzy

ganme G . The situation (Ai%, Bj* ) is a saddie piont ot the game G
and name the 0Optimun ( satisfactory ) situetion

Lt Cid is fuzzy number , we might use the way that tind maximum
or minimum fuzzy number to find a saddle piont of the fuzzy maxtrix

game

Example 2 . Find a saddle piant ot the G and the game value

VG and the optimum situation . supose that
G = {81,852,4 3}
where S1 = { A1 , A2 ,A3 , A4 3
§2 = {BlL , B2 , B3 1}
B Y N
3 2 Lo
A=t 7T Ty
IECHEES R
L2 8 2
Solution 1 . Decide whether or not a saddle piont exist. First

we find the minimum fuzzy number of each rows of the matrix ﬁ



min Cli = min -7 i”_é > o= —g
J J
min ~2J = mjn { i 3 g ; ﬁ I o= £
J J
min L33 = min {16 > ”L =3 } ==3
J J
min C4j = min {~3 , 0 , 5 7} = ~3°
~ J’ ~ ~ a4
J

next we tind the maximum fuzzy number in each minimum fuzzy numbers.

max {~8 2 -3 ~3 ) = 2
i ~ ~ ~ ~
s0 max min Ciy = C22 = Z
: P ~ ~
! J
use the same method 5 we find

min max Cij = €22 = 2
i P ~

and max Ci2 = min C2j = 2

So situation ( A2 » B2 ) is a saddle piont and VG = z and the

optimum situatian is (AZ » RZ )

SupDse that we definite profit mumbersnhip grades

T T e e e e e
max { Cij + | Cij®! 3
o~ .
= | min Eijl it minCij < O
here [Cij® | = |
~ L og it min Cij >=0

thus we can find a saddle piont according tg the profit mumbership

grades. Accarding to the above detfinition s the fuzzy protit matrix

A can become

r 0O 0 A
o= | 0.458 0.416 0.5 |
| 1 0.291 0.209 |
L 0.209 0.333 0.541 4
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Solution 2.We use profit membership tunction matrix to determine

a saddle piont ot the ftuzzy game problem

First we obtain

max min {pij 3} = max{ 0 », 0.416 ,0.209 ;FD.209 } =0.416 = n22

1

| !

next obtain

min
)

and

bR}
PRcR

same Wwith

tion is 0.

max fwuij ¥ = min { 1 »,0.416 ,0.%41 1 = 0.416 = u22
i J
max WiZ2 = min w2j = 0.416 = n22
e optain the sacdie pinRnt to pe (AZ2,32 ) and the resuit is
sogtution 1 . the protit membership grade of optimum sttua~

416 that express a specitic value of VG with the maximum

gains.We cansider this expression still more expréss the gains grade

0t optimum situation

It gij is imprecise variablie (fuzzy subsets):; we might imitate

the ciassica! method to obtain the saddle piont of the games;accord-

ing to the variables pretference order provided

Example 3. Obtain the VG and the optimum situation (Ai%¥ , Bj%),

supnse that the fuzzy matrix game

G = {81, 82 , A 1
L Ar s
where gl = {Al > 62 , A3 1}
87 = { B1 , Bz , B3 }
~
- VH H VH ~
A = | VH - M |
~ Ll VL H -

Solution : We introduce priority arder that is

Vlhee lLoc Moc Hoc VUH
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50 we nave

min Cli = min {VH ;H ,UH } = H
J d
min C2j = min {VH L > M } = L
i - d
min C3) = min {L 5 VL »H I = VL
i = J
thus max min Cij = max { H » L »VL } = H
i i T i
vse the same method » we +ind
min max CiJ = Ko
, . ~e
J 1
and min ClJ = max Ci2 = H
;- [~

S0 we obtain the saddie piont to be ( A1 , B2 ) that is tne

optimum situation ot the game G and VG = H

Supose that we introduce the specitic values of among imprecise
vartables; the fuzzy gain matrix &hat is prencented by imprecise va-—
riabies miant transtorm the gains membership funﬁtinn matrix

p = { uij Im¥n
Use the method

max min Wij = min max Wij
i J J i

and max fiJ = min niJ
i J

determene whether or not the saddle piont existed
S . CONCUDING REMARKS

In the above--mentioned sections; we have PUt the basic concepts

ot tuzzy game and the method tinding the optimum situation of the tuzzy
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matrix gamesit is one ot the tundamental ccnténts ot tuzzy game theory.
The method tinding the optimum situation is based on the real appli-

cationyits result is directly perceived through the senses. The theary

about tuzzy games and the method finding the optimum situation of other

tuzzy probies will pe put separateiy
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