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COOPERATIVE FUZZY GAMES EXTENDED
FROM ORDINARY COOPERATIVE GAMES
WITH RESTRICTIONS ON COALITIONS

ATSUSHI MORITANI, TETSUZO TANINO AND KEII TATSUMI

Cooperative games are very useful in considering profit allocation among multiple de-
cision makers who cooperate with each other. In order to deal with cooperative games in
practical situations, however, we have to deal with two additional factors. One is some
restrictions on coalitions. This first factor has been taken into consideration through fea-
sibility of coalitions. The other is partial cooperation of players. In order to describe this
second factor, we consider fuzzy coalitions which permit partial participation in a coali-
tion to a player. In this paper we take both of these factors into account in cooperative
games. Namely, we analyze and discuss cooperative fuzzy games extended from ordinary
cooperative games with restrictions on coalitions in two approaches. For the purpose of
comparison of these two approaches, we define two special classes of extensions called U-
extensions which satisfy linearity and W-extensions which satisfy U-extensions and two
additional conditions, restriction invariance and monotonicity. Finally, we show sufficient
conditions under which these obtained games in two approaches coincide.

Keywords: cooperative games, cooperative fuzzy games, restricted games, coalitions
AMS Subject Classification: 91A12

1. INTRODUCTION

A cooperative game (or coalitional game) is usually described by a set of players
and a characteristic function. In a transferable utility game only one number is
attached to each coalition. In order to deal with practical situations in cooperative
game theory, we have to take into account two important factors: restrictions on
coalitions and partial cooperation by players.

The first factor has been taken into consideration through feasibility of coalitions.
In a cooperative game, it is generally assumed that an arbitrary coalition is feasible,
i.e., each player can form a coalition with arbitrary players. However, situations
where some of coalitions are impossible or prohibited may occur, that is, infeasible
coalitions may occur. In order to deal with these situations, the concept of feasible
coalition systems has been introduced (cf. Algaba et al. [1] and Bilbao [3]).

The second factor has been studied through fuzzy coalitions instead of ordinary
coalitions which are subsets of players and leads to cooperative fuzzy games. In a
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traditional cooperative game, it is generally assumed that each player participates
in a coalition fully or not. On the contrary, Aubin [2] introduced a fuzzy coalition
which permits partial participation in a coalition to a player. As a game with fuzzy
coalitions, a cooperative fuzzy game has been studied [8]. Each fuzzy coalition
is identified with a point in the hypercube [0,1]", while an ordinary coalition is
regarded as a vertex of this hypercube, i.e., a point in {0,1}". Another application
of fuzzy theory to cooperative games is in studies of cooperative games with fuzzy
worth (coalitional values) [6]. In this paper, however, we deal only with cooperative
games with fuzzy coalitions as cooperative fuzzy games.

The outline of this paper is as follows. Section 2 introduces cooperative games
and feasible coalition systems as restrictions on coalitions. Section 3 introduces co-
operative fuzzy games and feasible fuzzy coalition systems as restrictions on fuzzy
coalitions. Section 4 deals with cooperative fuzzy games obtained by extending co-
operative games. We consider two special classes of extensions called U-extensions
which satisfy linearity and W-extensions which satisfy U-extensions and two addi-
tional conditions, restriction invariance and monotonicity. In Section 5, we take two
approaches to cooperative fuzzy games extended from ordinary cooperative games
with restrictions on coalitions. We show sufficient conditions under which these
obtained games in two approaches coincide.

2. COOPERATIVE GAMES WITH RESTRICTIONS ON COALITIONS

In this paper we deal with transferable utility games as cooperative games (coali-
tional games), and their extensions as cooperative fuzzy games. Let N = {1,2,...,n}
be a set of players and S C N be a coalition which is a subset of N. A transferable
utility game v : 2V — R is a function with v(f)) = 0. The function v is also called
characteristic function. The set of all games with the player set N is denoted as T'V.

Superadditivity and convexity are defined as follows:

Definition 1. A game v € I'V is said to be
1. superadditive if v(S) +v(T) <v(SUT), VS, TCN st.SNT = 0.

2. convez it v(S) +v(T) <v(SUT)+v(SNT), ¥VS,T CN.

The sum of two games v,w € I'V, and the scalar multiplication of v by a@ € R
are defined by

(v+w)(S) =v(S)+w(S), VSCN,
(aw)(S) = av(S), VS CN,

respectively. Since every transferable utility game is uniquely determined by col-
lection of its worth {v(S) : S C N, S # (0}, the vector space I'V of all cooperative

games on N will be identified with R2V-1 I fact, for any T C N, T # 0, we define
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the unanimity game uy € IT'V by

1, ifTCS,
ur(S) = ,
0, otherwise.

Then, every game v € I'"V is represented by a unique linear combination of unanimity

mes:
games . Z dr(v)ur,
TCN,T#D
where dr(v) = Z(—l)‘T‘_‘Slv(S)
scT

is called the dividend of T in the game v. The dividends satisfy the following
recursive formula:

0, it T =90,
dr(v) = o(T) =Y ds(v), if T#0.
SCT

Now we consider some restrictions on coalitions. It is usually described by a set
system on N (see e.g. [3]).

Definition 2. A set F C 2V is said to be a feasible coalition system (FCS for
short) if it satisfies the following two conditions:

1. e F.
2. {iteF, VieN.

We introduce some basic concepts about FCS. For a coalition S C N, {Sk hrek, D #
Sk C S is said to be a partition of S if it satisfies

{ SkNSy =0, k#K, kK €K,

S =Urex Sk-

Especially for an FCS F, a partition of S, {Si} such that Sy € F for all k, is said
to be an F-partition of S. Pz(S) denotes the set of all F-partitions of S.
For a coalition S C N and an FCS F, a subset of S is said to be an F-component

of S if it is a maximal subset of S in F. C£(S) denotes the set of all F-components
of S.

Definition 3. Let F be an FCS and v € I'V. Then the restricted game of v by F,
vF € TV, is defined as follows:

07 (S) = max { > w(Sk) | {Sk}rex € P;(S)} ., VSCN.

keK

Special classes of FCS have been investigated. In this paper, we deal with parti-
tion systems in the special class.
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Definition 4. An FCS F is said to be a partition system (PS for short) if Cx(S)
is a partition of S for all S C N.

Proposition 1. (see [3]) An FCS F is a PS if and only if SUT € F for any
S, T € F such that SNT # ).

Proposition 2. ([3]) If v € I'V is superadditive and FCS F is a PS, then

()= > (), VSCN.
TeCx(S)

Given an FCS F and a game v € I'V, we define the restricted dividends of T € F
in the game v in the following recursive manner:

0, it 7 =0,
F —
)= om - Y W), #T40TeF.
SCT.SeF

The following theorem is useful because we are able to calculate the dividends in the
restricted games without calculating the restricted game.

Theorem 1. If a game v € I'V is superadditive and an FCS F is a PS, then

A _ [0, if T ¢ F,
dr(v ){ (), if TeF.

Proof. Note that dr(v?) = d%(v) = 0 for T = (. We prove the theorem by
induction. First let T = {i} for any i € N. Then T € F and, by Proposition 2,

dr(v”) = v7(T) = o(T) = d7 (v).
Next consider the case |T'| > 1 and T € F. Then
dr(v") =05 (T) = Y ds(v) = (@) = Y df(v) =d7(v).
SCT SCT,SeF
Finally, consider the case |T'| > 1 and T ¢ F with Cx(T) = {T1,...,T1}. Then

dr(?) = o7 (T) = Y ds(wP) =) o)~ Y dd(v).

ScT j=1 SCT,SeF

If SCT and S € F, then there exists k € {1,...,1} such that SN T}y # 0. Since F
is a PS, SUTy € F by Proposition 1. In view of maximality of T}, S U Ty = Tk,
which implies that S C T}. Hence

dr(v”) = {o(T)— > di@)}=0.

Jj=1 SCT;,SEF

This complete the proof of the theorem. O
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3. COOPERATIVE FUZZY GAMES WITH RESTRICTION
ON COALITIONS

In a cooperative game, the coalition S is identified with the vector e, defined by
e? = 1ifi € S and e = 0 otherwise, and the domain 2V of the characteristic
function v is identified with {0,1}", i.e., v : {0,1}" — R. Hence extending {0, 1}"
to [0,1]™ implies extending ordinary coalitions to fuzzy coalitions. Thus, given the
player set N, a cooperative fuzzy game £ on N is a function from [0, 1]™ to R with
£(0) = 0. The set of all cooperative fuzzy games is denoted AY. Let s € [0,1]"
be a fuzzy coalition which is a fuzzy subset of N. Then, for a fuzzy coalition
s =1(81,.-.,8n), each element s; of s indicates the membership grade of i in s, i.e.,
the rate of ith player’s participation in s.

In this paper we use the following notations. First, the vector el is simply

denoted by e’. For s, t € [0,1]", vectors s Vt and s At € [0,1]" are defined by
(sVvt); = max{s;t;},
(sAt); = min{s;, t;},
For s € [0,1]™, let supp s = {i € N | s; > 0}. In this paper, for s, ¢t € [0,1]", s < ¢
means that s; <t;, Vi and s < t means that s <t and s # t.

Then superadditivity and convexity in a cooperative fuzzy game are defined as
extensions of them in a cooperative game.

Definition 5. A cooperative fuzzy game &€ € AV is said to be
1. strongly superadditive if £(s)+&(t) < &(s+t), Vs, t € [0,1]" s.t. s+ € [0, 1]™.
2. weakly superadditive if £(s) +&(t) < &(sVt), Vs, t€]0,1]" s.t. sAt=0.
3. convex if £(s) +&(t) <&(sVi)+&(sAt), Vs, t€][0,1]™

It is obvious that if the game £ is strongly superadditive, then it is weakly super-
additive. If £ is convex, it is weakly superadditive. In Bréanzei [4], a fuzzy game is
said to be convex if it satisfies the coordinate-wise convexity condition in addition
to the inequality in the above definition.

The sum of two games &, & € AN and the scalar multiplication of £ by a € R is

defined by
{ €+ &)(s)=¢&(s) +&(s), Vse[0,1]",
(O‘S)(S) = Oég(s)v Vs e [07 1}n’
respectively.
Now we deal with the cooperative fuzzy game with restrictions on fuzzy coalitions.
For a set F C [0,1]™ and a vector s € [0,1]", a vector ¢ € [0,1]™ is said to be
F-vector of s if
t<s, tcF andt <t <switht € F imply that t’ =t

and C¥'(s) is the set of all F-vectors of s.
First, FFCS is defined as follows:
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Definition 6. A set F' C [0,1]" is said to be a feasible fuzzy coalition system
(FFCS for short) if it satisfies the following two conditions:

Fl. ac' € F, Vae€l0,1].
F2. For any s € [0,1]" and t € F such that t < s, there exists t € CF'(s) such that
t<t.

For a fuzzy coalition s € [0,1]", {s!,...,s'} C [0,1]" such that Z;Zl sl =sis
said to be a partition of s. Especially for an FFCS F, a partition of s, {s',...,s'}
such that s/ € F forall j = 1,...,1, is said to be an F-partition of s. PF(s) denotes
the set of all F-partitions of s.

We extend the restricted game of cooperative games to cooperative fuzzy games.

Definition 7. Let & € AN be a cooperative fuzzy game and F be an FFCS. Then
the restricted game of ¢ by F, ¢ € A", is defined as follows:

¢ (s) = sup{ig(sj) ‘ {st,... s} e PF(S)}, Vs el0,1]™.

Clearly, if ¢ is strongly superadditive and s € F, we have £ (s) = £(s).

Definition 8. FFCS F is said to be a partition fuzzy system (PFS for short) if
C¥(s) is a partition of s for any s € [0, 1]™.
For s € [0,1]" and T'C N, s/ is defined as follows:

( ) s, ifieT,
S i =
i 0, ifi¢T.

Proposition 3. (see [7]) The following conditions are equivalent.
1. An FFCS F is a PFS.
2. For any s € [0,1]™, there exists a partition {I3,...,I;} of N such that
C’F(s) = {511,581}
3. If s,te Fand s\t #0, then sVteF.
Proposition 4. (see [7]) Let s € [0,1]" be a fuzzy coalition and let £ € AN be a

cooperative fuzzy game. For an FFCS F, if C*'(s) is a partition of s and ¢ is strongly
superadditive, then the following holds:

)= Y €.

teCF (s)
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4. COOPERATIVE FUZZY GAMES AS EXTENSIONS OF ORDINARY
COOPERATIVE GAMES

In this section, we introduce cooperative fuzzy games as extensions of ordinary
cooperative games.
Let ¢ be a mapping of 'V into AN with the following three properties:

e For each v € T'V| the value g(v) of g at v is an extension of v.
o g(v+w) = g(v)+g(w), Yo,w € TN
e g(av) =ag(v),Va e R, Vv eIV

Moreover, let G denote the set of all such functions for I'V and AYN. Now we can
define two different concepts in a natural way; namely, “U-extension with respect to
a given g € G” and “U-extension”.

Definition 9. Let g be an element of G. A cooperative fuzzy game ¢ € AY is said
to be a (U,)-extension of v € TN if £ = g(v).

Definition 10. A cooperative fuzzy game ¢ € AV is said to be a U-extension of
v € T'V if there exists g € G such that & = g(v).

Note that according to these definitions, a cooperative fuzzy game ¢ € AN is a
U-extension of v € 'V if and only if it is an (U,)-extension for some g € G. In
the following, when we consider U-extensions, we fix some g € G and denote the
(Ug)-extension g(v) of v simply by &, without ambiguity.

If &, is a U-extension of v, it can be represented as a linear combination of the
U-extensions &,,. of the unanimity games ur as £ = Y .y d7(v)€u,. Moreover,
we assume two additional conditions, restriction invariance and monotonicity, on
extensions to obtain W-extensions.

Definition 11. A cooperative fuzzy game £ € AV is said to be a W-extension of
v e N ifit is a U-extension of v € T'V and if

WL &ur(s) = Eur(s7), Vs €[0,1]7,
W2. & (8) <&up(t), Vs, t €]0,1]" s.t. s < 2.
Since the space I'V of all cooperative games on N is a linear space and the set of

unanimity games forms a basis, a U-extension of any game v is specified by those of
unanimity games. We obtain a stronger result for a W-extension.
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Proposition 5. If £ € AV is a W-extension of v € 'V, then

§u(s) = Z dr(v)ur(s) Vs e€[0,1]™

TCsupp s

Proof. Let s € [0,1]". Then, by Definition 11, we have

1, T Csupp s,

é'UT (esupp S) — {

0, otherwise.
Suppose T' Z supp s. Then, we have 0 < s < e%"PP 5. Since it follows from W2 that
0= gUT (O) < guT (S> < fuT (esupp s) =0,

we have &, (s) = 0. Therefore, we have

€U(S) = Z dT(”)guT (S) = Z dT(v)guT(S)'

TCN TCsupp s

Two well-known examples of W-extensions are the multilinear extension and the
Lovész extension. The multilinear extension m, of v, introduced by Owen [9], is

given by
My (8) = H ;e
i€T

On the other hand, the Lovész extension [5] I, of v is given by

lup(8) = rlréljl} S

Some properties of these extensions are given in Bilbao [3] and Tanino [10].

Proposition 6. If a cooperative game v € I'V is superadditive, then its Lovisz
extension I, € AV is weakly superadditive.

Proposition 7. If a cooperative game v € I'"V is convex, then its Lovasz extension
I, € AV is convex.

Proposition 8. A cooperative game v € T'"V is convex if and only if its Lovész
extension I, € AV is strongly superadditive.



Cooperative Fuzzy Games Extended from Ordinary Cooperative Games. . . 469

5. COOPERATIVE FUZZY GAMES EXTENDED FROM COOPERATIVE
GAMES UNDER RESTRICTIONS ON COALITIONS

In this section we take two approaches to cooperative fuzzy games extended from
ordinary cooperative games with restrictions on coalitions. We show sufficient con-
ditions under which these obtained games in two approaches coincide.

We consider a cooperative game v € I'V with an FCS F. In order to deal with
both restrictions on coalitions and partial cooperations of players, we would like to
extend the game v to a cooperative fuzzy game and also to restrict the game under
the FCS. We may consider two approaches:

1. First we define the restricted game v¥ and then extend it to a cooperative
fuzzy game.

2. First we extend v to a cooperative fuzzy game and then define its restricted
game.

For the second approach, we have to consider a fuzzy set system F(F) corre-
sponding to the FCS F as follows:

F(F)={s€[0,1]" | supp s € F}.
Lemma 1. For any s, t € [0, 1]", the following hold:
supp (sVt) = (supp s)U (supp t),
supp (s At) = (supp s) N (supp t).
Proof.

i€supp (sVt) < (sVit); >0< max{s;,t;} >0 i€supps or iE€suppt
i € (supp s) U (supp t).

¥

tesupp (sAt) & (sAt); >0« min{s;,t;} >0& icsupps and i€ suppt
i € (supp s) N (supp t). 0

(3

Proposition 9. If F is an FCS, then the corresponding F(F) is an FFCS.
Proof. Observe that ) € F and ¢ € F, Vi € N from the definition of FCS.
F1. For « € [0,1],

if a=0,
={iteF if a>0

supp (ae’) = sup
supp (ae’

— T
ja)
|
=
m
w9
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F2. Let s € [0,1]™ and t € F(F) such that t < s. There exists T" € Cx(supp s)
such that supp ¢ € T. We show that ¢t < s and s € C’F(f)(s). We have t < s
since supp t C T and t < s. Hence we show that ST € F(F) and S| is maximal in

order to show s|p € CFF)(s). Since supp sip =T € F, we have 5|7 € F(F). Now
suppose that s;p € F'(F) is not maximal. Then,
3s' € F(F):sp <s' < s,supp s # supp s’
& 35 €0,1]" s supp s’ € F,supp (sj7) C supp s’ C supp s.

This contradicts 7" € Cx(supp s) from supp (sjr) = T. Therefore, 5|7 € F/(F) and
|7 is maximal. O

Proposition 10. If F is an PS, then the corresponding F'(F) is an PFS.

Proof. By Proposition 9, the corresponding F'(F) is an FFCS if F is an FCS.
Let s,t € F(F) such that sAt # 0. We have supp s,supp t € F and supp sNsupp ¢t =
supp (s At) # () by Lemma 1, and we have supp s Usupp ¢t = supp (s Vt) € F from
assumption and Proposition 1. Therefore, we have sVt € F(F), and therefore F'(F)
is a PFS by Proposition 3. |

Lemma 2. Let F(F) be the FFCS corresponding to an FCS F. For any s € [0, 1]",

let
Cr(supp 8) ={I1,...,I;}.

Then the set of all F(F)-vectors of s is given by

CF(]:)(S) = {5‘117...,8”1}.

Proof. We first show that 57, € CFF)(s) for k € {1,...,1}. We have |1, €
F(F) from supp (s7,) = Ix € F. Suppose that s;, € F(F) is not maximal. We
have

3s' € F(F) : sy, <s' < s,supp s|, # supp s
& 35 €0,1]" : supp s’ € F,supp (s|;,) C supp s’ C supp s.

Since supp (s|7,) = I, this contradicts the maximality of Ij. Therefore, we have
511, € F'(F) and s7, is maximal.

We show that for t € CF(F)(s) there exists k € {1,...,1} satisfying that t = 8|1, -
We have supp t € F from ¢t € F(F). Then there exists k € {1,...,{} satisfying that
supp t C I since supp t C supp s by t < s and [, is an F-component of supp s.
Moreover, we have

t= t\Ik < 8|1y < S,

and by the definition of F'(F)-vector, we have t = 5|7, . Therefore,

CFINs) = {81y, v 81, }-
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Lemma 3. Let F be a PS. For any s € [0, 1]", let

Cr(supp s) = {h,.... Ii}.
Then the following holds:
{TeF|0£TCsupps}={TeF|T#0,31ke{l,....;01}: T C I}

Proof. (D) Suppose that there exists a unique k € {1,...,l} satisfying that
T C I for T € F. Since (N,F) is a PS and Cz(supp s) = {I1,...,I;}, we have
T C I, C supp s. Therefore, we have

{TeF|0#T Csupp s} 2{T € F|T#0,31 ke{l,....,1} : T C I}

(C) Let T € F such that § # T C supp s. There exists k € {1,...,1} satisfying that

T C I, since Cx(supp s) = {I1,...,I;}. In order to prove that this k is unique, we

suppose k1, ks € {1,...,1} such that T C I,, , T C Iy, and k; # ko. Then we have
I, NIy, DT #0.

But this contradicts that {I1,...,I;} is a partition of supp s since (N, F) is a PS.

Therefore, we have

(TeF|0#TCsupps} C{TeF|T#0,3 ke{l,...,1}:TCL} U

Let v € I'N be a superadditive game, F be a PS on N and ¢ be a W-extension
of v € 'V, For s € [0,1]", let Cx(supp 8) = {I1,...,I;}. Since &, is a W-extension
of v7, we have, by Proposition 5,

va(S) = Z dT guT SIT)

TCsupp s

Notice that d(v7) = 0 for T ¢ F by Theorem 1 since F is a PS, and we have

£ (s) = Z dr(v7)&ur (817
TeF, TCsupp s
Then we have

l
Eor(s) =) Z dT(vf)&n (s17)- (1)

J=1TeF,TC

On the other hand, suppose &, is strongly superadditive. Now we have CF(F )(s) =
{si1,,---, 81} by Lemma 2 since Cr(supp s) = {I1,...,I;}. F(F) is a PFS since
F is a PS and Proposition 10. Notice that F(F) is an FFCS and a PFS and &, is
strongly superadditive. Then, from Proposition 4, we have

)Py = DY = D D drw)éu ()

teCF&F)(s) teCF(F) (s) TCN

l
DD dr(v)€ur(si).

j=1TCN
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Therefore, by Proposition 5, we have

l
Z > dr()€ur(siz)-

Csup s|14
Notice that supp s|;, = I; and (S\Ij)IT = s for T' C supp s7,, and we have
l
D) =" dr(v)6ur (sir)- (2)
J=1TCI;

Therefore, (1) and (2) are generally different. We consider sufficient conditions for
the equality of these two values. In order to show sufficient conditions, we introduce
subcomplete system as follows.

Definition 12. An FCS F is said to be subcomplete if it satisfies
TeF,SCT = SeF.

A subcomplete FCS is simply written as SCS.

Lemma 4. If v € T'V is superadditive and F is a PS and an SCS, then for any
TcF

Proof. Since (N, F) is an SCS and v7 (S) = v(S) for S € F, we have
dp(vF) = Z(_l)\T\fISI F(s Z DITI=181y(8) = dp(v). 0

SCT SCT

Theorem 2. Let ¢ be a W-extension of a cooperative game v € I'V and F(F)
be the FFCS corresponding to an FCS F. If v is superadditive, £, is strongly
superadditive and F is an SCS and a PS, then

gv}— = (gv)F(]—') .

Proof. Since F is an SCS, T C I; and I; € F, we have T € F. Then, from (1),
we have

l
fv.r(S) = Z Z dT( guT 5|T Z Z guT S\T) (3)

l
(&) (s) = Z dp (0)ur (s)7) = Eu7 (8)- U



Cooperative Fuzzy Games Extended from Ordinary Cooperative Games. . . 473

ACKNOWLEDGMENT

The authors are greatly indebted to the referees for their valuable suggestions for improve-
ment of this paper.

This research is partially supported by the Japan Society for the Promotion of Science
under the Grant-in-Aid for Scientific Research No. 16510114.

(Received December 30, 2005.)

REFERENCES

[1] E. Algaba, J. M. Bilbao, and J. Lopez: A unified approach to restricted games. Theory
and Decision 50 (2001), 333-345.

[2] J.P. Aubin: Mathematical Methods of Game and Economic Theory. North-Holland,
Amsterdam 1979.

[3] J.M. Bilbao: Cooperative Games on Combinatorial Structures. Kluwer Academic Pub-
lishers, Boston 2000.

[4] R. Branzei: Convex fuzzy games and partition monotonic allocation schema. Fuzzy
Sets and Systems 139 (2003), 267-281.

[5] L. Lovész: Submodular functions and convexity. In: Mathematical Programming: The
State of the Art (A. Bachem et al., eds.), Springer—Verlag, Berlin 1983, pp. 235-257.

[6] M. Mares: Fuzzy Cooperative Games. Physica—Verlag, Heidelberg 2001.

[7] A. Moritani, T. Tanino, K. Kuroki, and K. Tatsumi: Cooperative fuzzy games with
restrictions on coalitions. In: Proc. Third Internat. Conference on Nonlinear Analysis
and Convex Analysis 2004, pp. 323-345.

[8] I. Nishizaki and M. Sakawa: Fuzzy and Multiobjective Games for Conflict Resolution.
Physical-Verlag, Heidelberg 2001.

[9] G. Owen: Multilinear extensions of games. Management Sci. 18 (1972), 64-79.

[10] T. Tanino: Cooperative fuzzy games as extensions of ordinary cooperative games.
In: Proc. 7th Czech—Japan Seminar on Data Analysis and Decision Making under
Uncertainty (H. Noguchi, H. Ishii, M. Inuiguchi, eds.), Awaji Yumebutai ICC 2004,
pp. 26-31.

Atsushi Moritani, Tetsuzo Tanino, and Keiji Tatsumi, Department of Electrical, Elec-
tronic and Information Engineering, Graduate School of Engineering, Osaka University,
Osaka 565-0871. Japan.

e-mails: moritani@sa.eie.eng.osaka-u.ac.jp, tanino,tatsumi@eei.eng.osaka-u.ac.jp



	INTRODUCTION
	COOPERATIVE GAMES WITH RESTRICTIONS ON COALITIONS
	COOPERATIVE FUZZY GAMES WITH RESTRICTION ON COALITIONS
	COOPERATIVE FUZZY GAMES AS EXTENSIONS OF ORDINARY COOPERATIVE GAMES
	COOPERATIVE FUZZY GAMES EXTENDED FROM COOPERATIVEGAMES UNDER RESTRICTIONS ON COALITIONS

