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Abstract

In the field of non-cooperative game Nakai [3] proposes a subjective game to explain
the variety in a strategy selection by a player. But in constructing a subjective game by a
motive distribution, the expected payoff is calculated additively. In actuality the degree of
satisfaction for a player is generally very subjective and non-additive. Therefore this paper
proposes a fuzzy subjective game in which we represent the non-additive feelings of a player
by a fuzzy measure and evaluate the expected payoff by the fuzzy integral.

Keywords : Non-cooperative game, non-additive feelings, fuzzy measure, fuzzy integral, subjective

game.

1. Introduction

In the field of non-cooperative game Nash [4] proposes a concept of
equilibrium which is called the Nash equilibrium today, which is used
widely and deeply as an important analysis instrument in the micro-
economics. But up to now it is indicated that the Nash equilibrium point
(NEP) has the following two problems:

(1) There are many non-cooperative games with plural NEPs. In these case
the NEP is not a suitable guide for strategy selection by a player.
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(2) In many actual game experiments it is reported that even if the game
has a unique NEP, many players do not follow their Nash equilibrium
strategies (NES). For example, Minas et al. [2] has reported that in a
prisoner’s dilemma game thirty-six per cent of subjects select a non-
NES “Cooperation”.

Then it is hoped that the construction of a model can diminish the number
of NEPs and explain the variety in strategy selection by a player. Nakai
[3], Furuyama and Nakai [1] propose a subjective game for the purpose of
dissolving these problems. In a subjective game we consider some motives
for selecting a strategy and a subjective motive distribution of each player
which a certain player P thinks subjectively. We define the subjective
game for player P and consider that player P follows its NEP. This
method can solve the above-mentioned problem (1) partially and problem
(2) fundamentally. But in a subjective game, when it is constructed from a
motive distribution, the expected payoffs are calculated additively. That
is to say, if the payoff by the achievement of the motive my (m;) is a(b),
the payoff by the achievement of both motives is represented a + b. Then
the expected payoff under a motive distribution (A,1 — A) is given by
Aa+ (1 — A)b. But in actuality the degree of satisfaction is generally non-
additive. For example, the payoff in the case that two motives m; and m;
are achieved at the same time is larger than a + b, the sum of two payoffs
by the achievement of each motive. In this paper in order to consider
the non-additive feelings of players we utilize a fuzzy measure (A-fuzzy
measure). Furthermore we use an evaluated value by a fuzzy integral (the
Choquet integral) as the expected payoff constructing the subjective game.
This subjective game considering non-additive feelings with respect to
motives is called a fuzzy subjective game.

2.  Fuzzy subjective game

We define a n-person, non-cooperative finite game G as follows:
Si = {1, -+, Ay, } : thesetof pure strategies for playeri (= 1,--- ,n).
The integer m; denotes the number of possible
pure strategies for player i.
a; (a1, -+, o) : the payoff of player i when player 1,---,n use
pure strategies ay, - - -, ay respectively (a; € S,
j=1,---,n).
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xj = (X1, , Xim,) : a mixed strategy for player i where x;; is a proba-
bility that player i uses a pure strategy «;;

a; (x1,-++,xn). : the expected payoff of player i when player
1,---,n use mixed strategies xi,---,x, respec-
tively.

Then

mp My
aj(x1, -, xp) = Z Z ai(‘xljlr"' /O‘njn)xlh S Xpj, 1)
=1 jn=1

Next we construct a fuzzy subjective game for a certain player P (one
of players 1,---,n). We consider ! motives my,---,m;, for selecting
a strategy by a player. It is assumed that player P thinks that player
i follows the motive selected by his subjective motive distribution 8 =
(6,---,0)) where 0. is a probability that player P thinks that player i
. L.
follows motive n. Of course 0 <0, <1, ¥ 6, =1.
k=1

Definition 1. A set function g(-) defined on the family of subsets of the
motive set M = {my,---,m;} is a fuzzy measure if and only if it satisfies
the following three relations:

1) g(¢)=0
2) g(M) =1
(3) ACB(CM)=g(A) <g(B) (simplicity) ()

Definition 2. For a constant A(> —1), a fuzzy measure g,(-) having
the following property is called A-fuzzy measure: For any A, B(C M),
if ANB = ¢, then

A (AUB) = ga(A) +8a(B) + Aga(A)ga(B) . ®3)

Remark 1. The A-fuzzy measure g)(A) denotes the degree of satisfaction
when all motives belonged to the set A(C M) are achieved. A is a
parameter denoting the degree of interaction. When A = 0, A-fuzzy
measure ¢, (-) has the additivity. If A > (<)0, it has the multiplier (offset)
effect.

For a motive distribution @' of player i we consider a A-fuzzy
measure satisfying the relation

sh{m}) =p6, (k=1,---,1) (4)
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where 3 is a non-negative constant. Then by the relation (3), for any subset
{mk(l),- . ,mk(q)} of the set M we obtain

) 9 . ) . )
Sl m D= YAV L @66 6

j=1 (b))

where Y denotes the sum of all cases in sampling j elements from
(p1,+.pj)
the set {k(1), -+ ,k(q)}. Furthermore from g’ (M) = 1, we obtain

saM) =Y N7 Y 6,0, 8, =1. ©)
j=1 (p1,.p))

Namely (8 is the non-negative solution of the [-dimensional equation
(6). Substituting the value of 3 into the equation (5), we can obtain the
A-fuzzy measure g'(-).

Next we evaluate the payoff of player i by the Choquet integral
based on the A-fuzzy measure gh(-). Let af(ay, -+, ay) be the payoff
of player i in the case that player i follows the motive m; and that player
1,--- ,n use strategies a1, - - -,y respectively. The payoff ai-‘((xl, cee o)
is formed by the original games a;(ay, -+, ) (i = 1,---,n). For
example, if the motive of player i is selfish, then

ﬂf(fxlw" son) = aj(ag, -, 0m) . (7)

If the motive of player i is cooperative, then
K ly
aj(‘xl/"'/“ﬂ):HZaj(‘xli"'/‘Xn)' (8)
j=1

Definition 3. Let ¢(-) be a fuzzy measure defined on the family of subsets
of the set M. Suppose that a function h(-) defined on the set M satisfies
the following relation (if necessary, change the number of each motive)

h(my) = h(my) = - -+ = h(my) . ©)

The Choquet integral of the function h(-) by the fuzzy measure g(-) is
defined by

1
(€) [ hdg = Y. [n(my) = h(mes)]g(My) (10)
k=1

where M(k) = {my,---,m} and h(m;.1) = 0.
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Letting t be the number of different values of [ payoffs
af(oq, - ,an) (k=1,---,1), we rearrange these payoffs in order of size
from largest to smallest, that is,

k k
a}((xll...,“n):...:al,l((xl,...,“n)>ail+1((xl’...,0¢n)
k k k
:"':111-2(061;"'MXn)>111-2H(oc1,"'/“”):"':ﬂf(fxl,"'zfxn)
ki—q1+1 k;
> ...>ait " (0(1,'-- /(Xn):"':ail(‘xll"'/‘xn) (11)

where k, 1 +1<k;, (z=1,---,t)and kg =0, ks =1.
Then by the Choquet integral the evaluated value a;(«q,--- , ;) of
the payoff of player i is represented as follows:

t
Giloa, o) = Y {a(ar, o) —a¥ o, ) ga (M) (12)
z=1

where affH(oq, e 0y) = a£-+1(0€1, e an) =0.

Remark 2. If A = 0 (additive case), then 3 = 1 by the equation (6).
Therefore from (5) and (12) we obtain

) 9. .
i=1
l .
aien, o) = Y (o, -, 00)0 (14)
k=1

which coincides with the case of the traditional subjective game.

We define a fuzzy subjective game for player P by
Gp = [ai(oa, ) |[i=1,--+ ,n; ;€S (j=1,2,--- ,n)] (15)
which reflects non-additive feelings of player P.
Definition 4. The n-tuple x* = (x7,---,x;) is the fuzzy subjective NEP
if and only if x* is the NEP of the fuzzy subjective game Gp, that is,
B(xd, o x) =max (e, oy x e ) (=10 0. (16)

Therefore it is desirable that player P uses the strategy indicated by his
fuzzy subjective NEP.

3. Example

We consider a chicken game in which two players I, II select one of
two actions A (avoid) and B (break) simultaneously. The payoff bimatrix
is given by Figure 1.
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II
A (avoid) B (break)

A (avoid) 0,0 -1,2
G:1I
B (break) 2,—1 —4,—4
Figure 1

The original game (chicken game)

Case 1. The case of the ordinary non-cooperative game.

When we don’t consider subjective feelings of players, three ordinary
NEPs exist. We list them with the corresponding payoffs.

NEP (1): ((1,0),(0,1)) payoff: (—1,2)

NEP (2): ((0,1),(1,0)) payoff: (2,—1)

o ((3)63) o (39

For example, at NEP(3), player I uses a pure strategy A(B) with probability

2
% (5) and player II uses also the same mixed strategy. Both players

2
obtain the same expected payoff (— 5) . In this example, since there are
plural NEPs, a player can’t decide which motive he should follow.

In the following two cases we consider the subjective game for player
P (player I or II). Suppose that player P considers three motives in
selecting a strategy.

my : a selfish motive (maximization of his own payoff)
my: an offensive motive (minimization of the opponent’s payoff)
m3: a self-preservative motive (maximization of his own minimum

payoff)

Let G;; be a simple subjective game in which player I, II follow motives
m;, m; respectively. The payoff of each simple subjective game is given as
follows:
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0,0 -1,2 0,0 |—1,1 0,-1|-1,—4

G = G = Giz =
2,—-1 |—4,—4 2,2 |—4,4 2,—1 |—4,—4
0,0 -2,2 0,0 [—2,1 0,—-1 [—2,—4

Gy = Gy = Go3 =
1,-1 | 4,—4 1,-2 | 4,4 1,-1 | 4,—4
-1,0 | —-1,2 -1,0 |—-1,1 -1,—-1|-1,—4

Gs1 = Gs = G33 =
—4,—-1|—4,—4 —4,-2|—4,4 —4,—1|—4,—4

Figure 2

Simple subjective games

Suppose that player P considers that player I, II follow motive
21 2 1

distributions <3, 3 0> , <3, 0, 3> , respectively. Namely player I gives
priority to the maximization of his own payoff and hopes slightly the
minimization of the opponent’s payoff, but has no care about the worst
case. On the other hand player II gives priority to the maximization of
his own payoff and worries slightly about the worst case, but has no care
about the minimization of the opponent’s payoff.

Case 2. The case of the ordinary subjective game.

We consider the additive subjective feelings of players. The subjective
game for player P is given by

2 2 21 1 2 11
GP—g'gcll“‘g'§G13+§'§G21+§'§G23 (17)
which is written concretely in Figure 3.
I
A B
alo-1] %o
Gp oI
5 4
B| 5, -1|—5,—4
3 3

Figure 3
The ordinary subjective game for player P
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The subjective game Gp has the following NEPs (namely, the subjec-
tive NEPs).

NEP@4): ((0,1), (1,0)) payoff (g —1>

NEP(5): ({(x,1—x),(0,1)) payoff (—:, —4(1 - x))

where x is any real number such that 9/10 < x < 1. In this case the
expected payoff of each player represents not an objective value but a
subjective value by player P. Therefore, for example, if player P (player I)
aims to NEP(4) and selects the pure strategy B (break), then he hopes to
obtain the payoff 5/3, but his payoff is 2 actually. Even if we consider a
subjective game, there are plural NEPs and they can’t become a suitable
guide for selecting a strategy.

Case 3. The case of a fuzzy subjective game.

We take into consideration non-additive feelings of players by a fuzzy
measure and fuzzy integral.

We consider a A-fuzzy measure satisfying the equation (4), that is,

afm)) =28, sallma)) =38, sal{ms}) =0 (18)

where f3 is a non-negative constant. By the equation (3) we obtain

ga({m,ms}) =26, gal{ma,ms}) = 36,

2
aa({my, ma}) = ga({mr, my, ms}) = §7\/32+ﬁ- (19)
From the condition g, ({m1,my, m3}) =1, we can obtain
(—9+ 39+ 8A)/(47) if A >0
p=4{ 1 if A=0 (20)
(—9—3v9+81)/(41) if A<0.

Substituting (20) into (19), we can determine the A-fuzzy measure g,(-)
for a given constant A(> —1) completely.

Similarly for a given constant p(> —1), we consider a u-fuzzy
measure satisfying the equation (4), that is,

sullmb) =3v, g@umh) =0, guimh=3r @)
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where vy is a non-negative constant. By the equation (3) we obtain

gullm,ma}) = 3y, gul{ma,ms}) = 37,

Sul{ms,ms}) = ga({my, o, ms}) = S+, @)

From the condition g, ({m1,my, m3}) =1, we can obtain

(=9+3V9+8u)/(4u) if >0
y={ 1 if =0 23)

(=9 =3v9+8u)/(4n) if u<O0.

Substituting (23) into (22), we can determine the p-fuzzy measure g,(-)
for a given constant p(> —1) completely.

Let afj(bfj) be the expected payoff of player I (II) when player I (II)
follows the motive my and when player I, II uses strategies 7, j (A or B)
respectively. These values can be obtained from the original game G
by the method shown in the previous section. We show these values in
Table 1.

Table 1
The evaluation of players under each motive
k k k k k k k k
Gppn  Tap  Opa T | Vs bhp  Upsy  bpp
my 0 -1 2 —4 0 2 -1 —4
My 0 -2 1 4 0 1 -2 4
ms3 -1 -1 —4 —4 -1 —4 -1 —4

We evaluate these payoffs synthetically by using the Choquet integral
based on the fuzzy measures g () and g(-). Let a; (b; j) be the expected
payoff of player I (II) in the synthetic evaluation when player I, II uses
strategies i, j (A or B) respectively. For example,

~ 2 2
Gap = —2x1+{-1- (-2} x 3B =362 (24)
bap = —4><1—|—{1—(—4)}><§7/+{2—1}><%)/24)/—4. (25)

Then we can obtain the fuzzy subjective game Gp = [(&; j,gij) |i,j = A, B]
for player P which is shown in Figure 4.
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II
A B

2 2
Al 0,2y—1 | 2p—2,4y—4
37 3/3 2%

2 8
B|ZB+1,-1| -B—4-4
FB+L B4

ép:[

Figure 4
The fuzzy subjective game for player P

Let (x,1 —x) ((y,1 —y)) be a mixed strategy of player I (II) where
x(y) is a probability that player I (I) uses a pure strategy A. Furthermore
let (x(y),1—x(y)) be the optimal response strategy of player I given that
player II uses a mixed strategy (y,1 —y). Similarly let (y(x),1—y(x)) be
the optimal response strategy of player II given that player I uses a mixed
strategy (x,1— x) . By the slightly complicated calculations, we can obtain
the following results.

If0< B <1,then

1 if y<K
x(y) = qany if y=K (26)
0 if y>K
where K =6(1—-5)/(9—4p).
If =1, then
~ any if y=0
x(y) = 27
W) {0 if y>0. @7)

If 5>1,then x(y) =0 forany y.

If 0 <y <9/10, then y(x) =1 for any x.

If y=9/10, then

~ 1 %f x<1 (28)
any if x=1.

1 if x<9/(10y)
y(x) =< any if x=9/(10y) (29)
0 if x>9/(10y).
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From the above-mentioned discussion, we can obtain the fuzzy
subjective NEP for player P as follows:

@ If -1 < A< 0orpu > 5/9, then there is a unique fuzzy
subjective NEP ((0,1), (1,0)), that is, player I (II) uses the pure
strategy B(A). In this case player I, II hope subjectively the
expected payoff %ﬁ + 1, —1 respectively, but the actual payoffs
are 2, —1 respectively.

() If A > 0 and —1 < p < 5/9, then there are three fuzzy
subjective NEPs:

((0,1),(1,0)), ((1,0),(0,1))
((9/(10y),1-9/(107)), (K,1=K)).

(iii) f A =0 and —1 < p < 5/9, then there are innumerable (but
two sorts) fuzzy subjective NEPs:

((0,1),(1,0)), ((x,1=x),(0,1))

where x is any real number such that 9/(10y) < x <1.

(iv) If A > 0 and u = 5/9, then there are innumerable (but two
sorts) fuzzy subjective NEPs:

((0,1),(1,0)), ((1,0),{y, 1 =)

where y is any real number such that 0 < y < K.
(v) If A=0 and p = 5/9, then there are two fuzzy subjective NEPs:

((0,1),(1,0)), ((1,0),{0,1)).

Note that considering the constants A > —1 and p > —1, it can’t
occur that 3/2 <3 <3 o0r3/2<y<3.

We list some characteristics of the above fuzzy subjective NEPs.

(1) If the motive evaluation of player I has the offset effect (A < 0),
or if the motive evaluation of player II has the multiplier effect
strongly (i > 5/9), then the fuzzy subjective NEP is unique. It
denotes that player I (I) uses the pure strategy “break” (“avoid”).

(2) If A >0 and p < 5/9 (that is, the motive evaluation of player I
has the multiplier effect and that of player II has a little multiplier
effect), then the fuzzy subjective NEP is not unique.
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(3) The pure NEP ((0,1),(1,0)) (that is, I uses “break” and II uses
“avoid”) is always the fuzzy subjective NEP.

(4) If A=p =0 (thatis, both players have additive motive evalua-
tions), then the result coincides with that in Case 2.

4. Discussion

In this paper we propose a fuzzy subjective game. A subjective
game introduced by Nakai [3] intends to consider subjective feelings of
players. But it is restricted to the case of additive evaluation of feelings. In
actuality human feelings are non-additive in most cases and there are
multiplier effects and offset effects. We represent the non-additivity of
human feelings by a fuzzy measure, evaluate a payoff of a player by a
fuzzy integral and construct his fuzzy subjective game. We consider that
a player follows the strategy (the fuzzy subjective NES) indicated by the
NEP of his own fuzzy subjective game. It is expected that the variety in
selecting a strategy is explained by this idea. On the other hand it is a left
problem to leave out impractical equilibria and to indicate a unique NEP
as a suitable guide in all cases of strategy selections.
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