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Abstract A new allocation rule was proposed by splitting the original game
into a game between hyperlinks and games within them. A special case of
cooperative game on flower type hypergraphs is investigated. The proposed
allocation rule has been generalized for games with a communication struc-
ture represented by acyclic reduced hypergraphs and was illustrated by ex-
amples.
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1. Introduction

In a classical way for group N := 1, ...,n of agents the economic possibilities of each
subgroup are described by cooperative game (N, v), where N is a set of players and
v is a characteristic function. The characteristic function shows the power of each
coalition. In this paper, we assume the cooperative game with transferable utility
or TU-games.

Classically in this game, we assume that each subset of players can decide to
cooperate and the total payoff of this cooperation can be distributed among the
players. But in many practical situations, not all players can communicate with
each other due to some economic, technological or other reasons, thus some coali-
tions cannot be created. It is the class of TU-games with limited cooperation. The
communication structure can be introduced by an undirected graph. In this way,
just players who have a link between them can cooperate. These games were first
studied in (Myerson, 1977), he introduced games on a graph and characterized the
Shapley value (Shapley, 1953). Hereafter, games with communication structure have
received a lot of attention in cooperative game theory. In (Owen, 1986) were studied
games where the communication structure is a tree. The position value for games
where communication structure is given by a graph was introduced in (Meessen,
1988).

But generally, the communication structure can be given by a graph or hyper-
graph. For example, it can be some companies or sports teams. Cooperation between
two organizations is only possible if they have at least one member in both of them.

The TU-games on hypergraph were studied in (Nouweland, Borm and Tijs,
1992), they characterized the Myerson value and the position value for these games.
The third value, which is called degree value for the games with hypergraph commu-
nication structure was introduced in (Shan, Zhang and Shan, 2018). Many allocation
rules for TU-games with a hypergraph communication structure can be proposed
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based on some different interpretations. The Myerson value highlighting the role of
the players, the position value focuses on the role of communication.

In this paper, we introduced a new allocation rule for TU-games on the hyper-
graph.

2. Game on subclass of hypergraph

2.1. Preliminaries

In this section, we recall some notations and definitions about TU-games and hy-
pergraph.

TU-game is a pair (N, v). Characteristic function v : 2¥ — R and v()) = 0. We
will use |S| to show the cardinality of any S € N.

Hypergraph is a pair (N, ), # C {H € 2V ||H| > 2}. / is some set of subsets
of players N with cardinality more or equal two.

2.2. Definition of the game

Let N ={1,...,n—1,c} be a player set. Communication possibilities described by
hypergraph (N, ) In this part we will consider a special communication structure
which given by

A C{He2V||H|>2, HiNHy =c; j#kVH;, Hy, € #}.

The interpretation of this structure is there is just one player who included in all
hyperlinks and other players included just in one of them. The communication is
only possible between the players in hyperlinks. It can be also interpreted as the
central player has some companies with workers.An example of this hypergraph
shown in fig.1

Fig. 1. An example of this hypergraph.

Denote the numbers of hyperlink in communication structure by L. Also denote
the central-player by c. Let I; be a set of players which included in hyperlink H;
except player ¢ and U; - the set of their strategies. Also denote a strategy of simple-
player j as u?. A strategy of player c from his set of strategies we will denote by
u. € .. We define the payoff function of simple-player j in hyperlink H; in this
way

hj (Ulv ’U,C) = Kj (UU uC)
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where K; — payoff of player j which is defined on hyperlink which include player
j. The payoff function of central-player c:

he(Ur,Us, ..., Up,ue) = KXNUy ue) + K2(Ugyue) + - + KE(UL, ue)

2.3. Cooperation

Now consider the case when the players agree to cooperate. It means that they will
choose their strategies to maximize the sum of their payoffs

L

L
She=> " Kn(Usue)+ > KI(Uj, ue).

keN i=1 meH; j=1

We suppose transferable payoffs. Thus the main question is how to allocate the
total payoff between players. We will do it in three steps. On the first step, we
construct a new cooperative game where we consider hyperlinks as players. We will
create a characteristic function for all coalitions in this game. After that we solve
this game proposing some allocation rule, in this paper we use a solution with equal
excess. So we get the payoffs for all hyperlinks. The second step is to allocate this
payoff between the members in a hyperlink. To solve this problem we will use the
proportional solution. The last step is to find the total payoff for the central player.
It will be the sum of his payoffs from all hyperlinks.

First step For now we consider the game where the players are hyperlinks from the
given communication structure.The set of hyperlinks we will denote as H. S C H is
coalition from this set of hyperlinks. We define the characteristic function as follows:

VS) = Y Y KU i)+ >, Ki(Uiie),
it H;eS jerl; i H; €S
where . the solution of this maximization problem:

max max Z ZKj(Ui,Uc)‘f' Z Ki(Us ue) | =

Ue U;

it Hi¢gS jerli i H; ¢S
= > Y KO a)+ Y, KU,
i Hy¢S jerli i H; ¢S

and (71 the solution of:

H[ljaf Z ZKJ(U“&\C)—F Z Ké(Uuac) =

i H;eS jerl; i H; €S
= > D KiUnu)+ Y KiUi,ac)
i: H;€S jeT; i: H;€S

V(H) = maxmax Z Z K;(U;,ue) + Z K!{(Us,ue)

u U;
¢ ' \é H;eH jer; it Hie€H

We can interpret the values of characteristic in a following way. We suppose
that central player is maximizing the total payoff of players in hyperlinks which are
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not in S. Based on this, the central players®™s 4. strategy is chosen, assuming
that in the worst case the central player will play this strategy, players from S
seek to maximize their total payoff. Thus, we have determined the characteristic
function for all coalitions of the hyperlinks. The next step is to find the gains for
each hyperlink. For this, we use a solution with equal excess.

V(H) - 2. V(Hi)

&, = V(Hy) + T =1L

Second step After the previous step the payoffs for each hyperlink have been
received, the next step will be the distribution of this payoff between the players
in each hyperlink. At this step, we get L cooperative games, for each we define the
characteristic function for coalitions of players and the optimality principle. The
characteristic function in these games will be determined in accordance with the
approach described in (Neumann and Morgenstern, 1994). The idea is quite simple:
the characteristic function in this case shows the maximum gain that a coalition can
receive, provided that all other players play against it. As an optimality principle,
we take a proportional solution. Consider a game on the hyperlink H;. We denote
the set of players on hyperlink Hj;, including the central one, by N;. We assume
that v/(N;) = &g, Define the value of the characteristic function for each of the
simple players on this hyperlink H; as

/(i) = max min K;(U;,u.).
() = mae min (U )

for central-player on the same hyperlink

v!(c) = maxmin K7 (U;, u,).
ue U

Now we can define the payoff of each simple-player on the hyperlink H; as:

I O NI A O
&= 5w N = S am

kEN; kEN;

&h,-

The payoff of the central-player on the hyperlink H; we will define by

) o(N-) — vI(c)
S ST M ST MLL
kEN; kEN;

Third step We already defined the payoffs of all simple-players. The payoff of the
central-player is said to be equal a sum of his payoffs on each hyperlink.

This is the main idea of this work.
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2.4. Example

For better understanding we will use this solution on the example. Consider the co-
operative game with player set N = {1,2,3, 4, ¢} and hypergraph H; = {1,2, ¢}, Hy =
{3,4, ¢} which is shown on fig.2 .

For this example we consider that in each hyperlink players have bimatrix game
between each other. It means that for simple-player j in hyperlink H; payoff function
is

hi(Ussue) = K;(Usue) = Y Kj(u®,0f) + Kj(w,u),
ko €U \ud

and for central player the payoff function
hc(Ulu U27 ey UL7 Uc) = Kcl(U17uc) + KE(U27UC) + e + KCL(ULu Uc)

where

Ké(Ulqu) = Z Ki(ukauc)
k:ukeU;

H1 H2

Fig. 2. Communication structure

Define the bimatrix game for each pair of linked players. We write a bimatrix
2 x 2 for player i and j where 4 chooses the row and j chooses column. We consider
that all players have the set of strategies (A, B).

For players 1 and ¢

4\8 3\6

1\3 5\6
For players 2 and ¢

3\6 5\5

0\2 4\8
For players 1 and 2

6\8 6\0

4\3 0\6

For players 3 and c
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8\0 6\10

3\6 9\3
For players 4 and c

5\2 8\9

7\2 6\5
For players 3 and 4

0\1 10\4

7\0 3\8

209

First step. Firstly we find the value of characteristic function for all coalitions

of hyperlinks.
V(Hy) =Y K;(Uy,iie) + KUy, i),
JEI

where 1. the solution of this maximization problem:

Mmax max ZKj(UQ,UC>+K3(U2,UC) =

e jEI
= Z Kj(ﬁ%ac) +Kc2((727a0) =41
JjeIS

In this example 4. = B next we find (71 it is the solution of:

K, B)+ K} B | =
max er j (U1, B) + KX(U1, B) | =33

Thus V(H;) = 33
V(Hy) =Y K;(Us,iie) + K2(Us, k),
JE:

where . the solution of this maximization problem:

max max ;Kjwl,uc)w;wl,uc) -
J 1

=" K;(Uy, i) + K}(Uy, i) = 35
Je

In this example 4. = A next we find 172 it is the solution of:

_ 1 —
max ;KJ(UQ,AHKC(UQ,A) 31
J 2

Thus V (H) = 31
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VH) =maxmax | Y > Ki(U,u)+ > Ki(Usue)| =74

Ue U;
i HieH jel; i H;eH
Now we use the solution with equal excess to get payoffs for hyperlinks

V(H) = > V(H)

€, = V(H;) + iLe” . j=T1,L
€ = V(H)) + V(H) - (V(I;ﬁ) +V(Hz)) _ o0
§m, = V(Hz) + V() — (V(I;l) FVUH) _ g

Second step. Now we solve two cooperative game as an optimality principle

we will use proportional solution. For the game on hyperlink H; a characteristic
function for players 1,2 and ¢

v'(1) =max min K;(Uy,u.) = max min (K7 (u', u.) + K1 (u*, u?)) = 10.

ul u.JUp\ut ul  ue,u?

v (2) =max min K;(Uj,u.) = max miIll(Kg(u2,uc) + Kz(ul, u2)) = 6.

u?  u. | Ur\u? U2 ue,u

v'(c) = maxmin K} (Uy,u.) = max min (K} (u? u.) + K} (u',u.)) = 11

uc U Ue  ul,u?
vl(Nl) = §H1 =38

1
1 v (1) 1 _ 380
b =imree e’ M=%

1
2 _ v (2) 1 _ 228
O=mree e’ M=%
. vi(c) 418

8= o) —I—vl(c)vl(Nl) T

For the game on hyperlink Hs a characteristic function for players 3,4 and ¢

v*(3) =max min  K;(Us,u.) = max min (K3(u®, u.) + K3(u®,u?)) = 15.

ud  ue JU2\u3 ud  ue,ut

v*(4) =max min K;(Us,u,) = max min (K4(u4,uc) + Ky(u?,u?)) = 11.

ut u.JUz\ut u?  uc,ud

v*(c) = maxrrlljin K2(Uy,u.) = max I{liIlQ(K?(uS, ue) + K2(u* u.)) =8
Uc 2 Ue u,u

’UQ(NQ) = §H2 =36

_ v2(3) 510
&= agremran” V) =5
_ v2(4) 396
&= V1 (3) + v2(4) + v2(c) Vi) = 5
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- v () 288
&= v1(3)—|—v2(4)—|—v2(c)v2( 2) = 3

c

Third step. Now we sum the payoffs of central player from each hyperlink

288 418

L
Eo=) E =0 +E="+—
;C B VT

3. Generalization of the game

3.1. Preliminaries

In this part we consider the generalization of the previous game. Now we need to
refresh some information about hypergraph.

The reduction of hypergraph (N, ) is called hypergraph (N, jf’) which is
obtained from the original by removing all hyperlinks that are completely contained
in other hyperlinks. Hypergraph is called reduced if it is equivalent to its reduction,
that is, it does not have a hyperlink inside other hyperlinks.

A simple cycle with length s in hypergraph (N, H) is a sequence

(Ho,no, Hi, ..., Hs1,m1, Hy),

where Hy, ..., Hs different hyperlinks, hyperlink Hg coincides with Hy, ng, ..., ns_1
different vertexes, and n; € H; N H;1q foralli =10,...,s — 1.

A first definition of acyclicity for hypergraphs was given in Berge, 1989. A hy-
pergraph is acyclic if its incidence graph is acyclic.

3.2. Definition of the game

In this part, we will construct the game where communication structure defined by
acyclic reduced hypergraph (N, H). An interpretation of this communication struc-
ture can be that there are managers who work with companies and each company
has workers who work just on them.

Let N :={1,...,n—m,c1,...,cm} be a set of players. Denote the numbers of
hyperlinks in communication structure by L as before. The players which included
just in one hyperlink we will call simple-players, other will be called complex-players.
To construct the game we need to introduce new notations.

Let u’ is strategy of simple-player i from the set of his strategies {’. Also denote
as u% a strategy of complex-player j from the set of his strategies 1. The set of
simple-players strategies in hyperlink H; we will denote as U; and the set of complex-
players strategies in this hyperlink as Uf. The payoff function for simple-player j
in hyperlink H; denote as K’ (U;, Uf), and the payoff function for complex-player j
in hyperlink H; denote by K’ (U;, Uf). Now we can define the total payoff function
of each player. For all simple-players for example j which included in hyperlink the
payoff is equal to

h = KI(U;, UF)

the total payoff function of complex-player j we define as

p= Y KWL

icc;€H;
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3.3. Cooperation

Now we consider a cooperative game where the players agree to choose their strate-
gies together to maximize the total sum of theirs payoffs. The total sum is equal:

n—m m L L
SR =N KU, U+ Y Y K (ULUS)
i=1 i=1 i=1 jeH; i=1 jic;€H;

Firstly we consider the cooperative game where players are hyperlinks. We de-
fine a characteristic function for any coalition of hyperlinks, after that we use an
allocation rule and get payoff for each hyperlink. Next step is consider L cooper-
ative games and get payoff for each player. Finally we find a total payoffs for any
complex-player as a sum from his payoffs from each hyperlink in which he exist.

First step We consider the cooperative game with hyperlinks as players. To define
the characteristic function for all coalitions we need to introduce new notations.
Let I3 be a set of simple-players in hyperlink H;, I'Y is a set of complex-players
in hyperlink H;. Also denote a set of hyperlinks which include complex-player j as
B, . For any coalition S we will make a partition on each hyperlink in S of complex-
player set in this hyperlink. The set of strategies in hyperlink H; of complex-players
which included only in hyperlinks from the coalition S we denote as Uff others by
Ufn, Uff U Ufn = U{. The set of hyperlinks we denote as H. S C H is coalition
from this set of hyperlinks. Now we can define the characteristic function for all
coalitions of hyperlinks as follows

i 77, 77¢ TR ci(rr 7red 1y
V(S) = Z ZKJ(UivUi U )+ K7 (U, U7, U )
wH; €S jeI; ©wH;eSjerls

i

where Ufn the solution of this maximization problem:

s | 30 S KIWLUT)+ 3 3 KLU | =

©H; ¢S jET; ©:H; ¢S jeI's
=Y Y KU+ Y, Y KLU
©wH; ¢S jeT; :H; ¢S jeI'Y

and U; and ﬁff the solution of:

. f o~.n A Ff o~
max max E E K\ (U;, U ,Uf ) + K7 (U, U, UE) | =
Ui Y \i:H;eS jer; i:H;€S jers
L~ ~ f A~ n ci = ~ f ~.n
= E E K)(U;, U ,U7 ) + E E K. (U;, U, UF)
iH;,eSjerl; ©wH;eS jerI's

for the grand coalition we have:

V(H):n[l]z}xnbax SO KIULUS) A+ Y. Y ET(ULUY)

’ ©H;€H jET; iH;€H jEIF
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As allocation rule here we use Shapley value. Notice that in this step we can use
any allocation rule from classic cooperative theory.

Z:|&ww&F%4MunHo—w&>

SCH\H;

Second step From the previous step we get payoffs for each hyperlink in our
hypergraph. Now we consider a cooperative game on each hyperlink with players
which included in it. It means that now we have L independent cooperative games.
As an optimality principle we use proportional solution. We denote the set of play-
ers on hyperlink H; by N;. Assume that v/(N;) = ¢p,. Define the value of the
characteristic function for each simple players on hyperlink H; as

I (i) = in  K'(U;,Uf).
v’ (i) max . Gan, U;,U5)

for complex-player i on the same hyperlink

I(e;) = i (U, U
v/ (ei) = max oy, K (U U5

Now we can define the payoff of each simple-player on the hyperlink H; as:

) o)
S ST MR STy
kEN; kEN;

The payoff of complex-player i on the hyperlink H; we will define by

jfvj(ici)vj N Ve)
= wm N = S

kEN; kEN;

PH; -

Third step Now we get total payoffs for each simple-player. The total payoff for
each complex-player is the sum of his payoffs from each hyperlink in which it is

included. ‘
Eoo= Y. &

j:H;€Be,
3.4. Example

Consider the cooperative game with player set N = {1,2,3,4,c¢1,c2} and hyper-
graph Hy ={1,2,¢1}, Hy = {3, ¢1,c2}, H3 = {c2,4} which is shown on fig.3.

For this example we consider that in each hyperlink players have bimatrix game
between each other. It means that for simple-player 4 in hyperlink H; payoff function
is

h'(U;,Uf) = K'(U;,Us) = Z Ki(u®,u') + Z K'(u',u),
kukeU;\ut kuck €US

and for central player the payoff function

p= Y KWL

icc;€H;
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H1 H2

=

Fig. 3. Communication structure

where

Ki(U;,U5) = E Ke (uF, u E K (u® u)
k:ukeU; k:uck GUJ.C\uCi

Define the bimatrix game for each pair of linked players. We will write a bimatrix
2 x 2 for player i and j where 4 chooses the row and j chooses column. We consider
that all players have a set of strategies (4, B).

For players 1 and ¢;

4\8 3\6

1\3 5\6
For players 2 and ¢;

3\6 5\5

0\2 4\8
For players 1 and 2

6\8 6\0

4\3 0\6
For players 3 and c¢;

8\0 6\10

3\6 9\3
For players ¢ and ¢;

5\2 8\9

7\2 6\5

For players 3 and c5
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0\110\4
7\0 3\8

(3529

First step. Firstly we will find the value of the characteristic function for all
coalitions of hyperlinks. In coalition S = {H;}, U¢" = Uf = (u$) then the value of
characteristic function of this coalition is equal

For players 4 and cy

V(H) =Y KU, UF) + Y K (U, UF)

jeIn JEIY
max max Z ZKj(Ui,Ufn)-f- Z ZKiCj(Uiann) =
ugt U iH; ¢S jeT; i H; ¢S jeI'y
=Y S RGN+ Y S KT T) =50
i:H; ¢S jeT; :H; ¢S jeI'y

from this we get ﬁfﬂ =@*)=18

max ZKj(Ulann)"'ZKfj(Ulann) =

jen JEIY
=Y KU, U+ > KV (U, UF") = 33
jen jEIY

Thus we get V(H;) = 33.
In coalition S = {Hay}, U§" = Us = (u°',u?) then the value of characteristic
function of this coalition is equal

V(H)) = > KU, Us")+ > Ky (U2, Us")

JE: Jjery
max max Z ZKj(Ui,Ufn)—f' Z ZK?(Uianﬂ) =
b vi ©wH; ¢S jeTI; iH; ¢S jeI'y
=N Y K@Uy YN KOUL U =44
©wH; ¢S jerI; iH; ¢S jeI'y

from this we get US" = (@, 0?) = (A, B)

r%zzx Z Kj(UQ,Ufn)—l— Z ng(UZaUgn) =

JET: jerg

=Y KU, Us" )+ Y K (Ua,Us") =31

JET jerg
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Thus we get V(Hz) = 31.

In coalition S = {H3}, US" = US = (u°) then the value of characteristic
function of this coalition is equal

V(Hs) =Y K'(Us,U5")+ Y K (Us, Us")
JEIs Jjery

s | 30 S KIWLUT)+ 3 3 KPWOLUT) | =

iH; ¢S jETI; ©:H; ¢S jeI's
= X Y KWOU+ 3 Y KU =4
'LHIQSJEFZ i:HiQSjEFiC

from this we get US" = (a°?) = (B)

max | > KI(Us, U5")+ 3 Kgf(Ug,U?f")) =
JEI3 Jel'y
=Y KU + Y K (0, T05) =
JEI3 Jerys
Thus we get V(H3) = 9.

In coalition § = {Hy, Ha}, Uff =Uf = (u®),Us" = (u?), U§f = (u°") then the
value of characteristic function of this coalition is equal

V(S)=V({H, H}) = Y Y KU, U, U ) + K70, 07,087
iH;,eSjerl; wH;eS jerI's

k3

maxmax | 30 T KIULUS )+ Y0 Y KIULU) | =

K ©H; ¢S jeTI; wH; ¢S jel's
= Y Y K@U+ Y Y KLU =9
©wH; ¢S jeT; :H; ¢S jEI'Y

From this we get US" = (u?) = B

maxmax | Y > KU U U+ Y Y KPULUSL T | =

et ) . ) :
i ©wH; €S jET; i:H;€S jeI'f
L~ ~ f ~n ci o~ f ~.om
C C (& (&
= E E K\(U;, U, US )+ E E KU, U085 ) =174
©wH; €S jerl; i:HiGSjGFiC

Thus we get V({Hy, Ha}) = 74.

In coalition § = {H2, Hs}, U§f =Us = (u®),Us" = (u), U§f = (u®?) then the
value of characteristic function of this coalition is equal
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V(S) = V({Ha, Hs}) KU, U 0+ S S k90,08, UF
©wH; €S jer; ©:H;€S jel'y
max max Z ZKJ Ul,Uc Z Z K’ UZ,UC =
vi Ui ©wH; ¢S jeTI; ©:H; ¢S jeI'y
=¥ Ki(U;, 0" + Y Y KY U, U¢") =
wH; ¢S jerI; wH; ¢S jel's
From this we get US" = (u) = A
maxmax | > - K, v 0+ SN kP UF) | =
ug! Ui i:H; €S jET; i:H,€8 jeIe
SN N KLU U+ S KLU TF) = 40
iH; €S jET; i:H;€S jEI's

Thus we get V({Ha, Hs}) = 40.

In coalition S = {Hy, H3}, Uf" = U¢

@), Us" = Ug = (u°?) then the value

:(u

of characteristic function of this coalition is equal

V(ES) =V({H. Hs)) = Y S KU, 0+ YN K0, U, U
©wH; €S jeI; ©:H;€S jel'f
i, ue" S, Uty | =
max max .Z Z KU, U + .Z Z K (U, US")
i ©wH; ¢S jeTI; ©:H; ¢S jeI'y
S N KLU+ Y. Y KP(ULUE) =35
wH; ¢S jerI; wH; ¢S jeI'y
From this we get US" = (u®2) = B, and U¢" = (u) = B

. Ff ~.n
max max E E K)(U,;, U7 U
Uy * \&H;eS jer;
(77, 77¢f TR
E E K'(U;,Uf ,U;
©:H;€S jel;

Thus we get V({Hy, H3}) = 42.

Sy kP LU U

i:H, €S jery

SN KR (ULUE T = 42

i:H, €S jery

For the grand coalition H the value of characteristic function is equal

V(M) = maxmax
Uus U

i:H,eM jeI;

>, D KW

Us,) + =83

i:H;€H jEIT
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In this example at this step we will use the solution with equal excess as an
optimality principle.

V(H) = > V(Hi)

€, = V(H;) + iLE” , j=1,L
e, = V(i) + L0 = (V) EV(H” V) _ 363,
€, = V(Ha) + V(#) = (V(H) EV(H” + VI(Hs) _ 34.(3)
e, = V() + L = VU ZV(H” V) _ gy (3

Second step. Now we need to solve three cooperative game as an optimality

principle we will use proportional solution. For the game on hyperlink H; a char-
acteristic function for players 1,2 and ¢;

I(i) = in KYU;,US.
v’ (i) max B . U;,U5)
v/(c:) = max ch\ggrb U, K5 U 50,

v(1) = 10,01 (2) = 6,0 (¢;) = 11
v (N7) = &p, = 36.(3)

- vl (1) Loy 363.(3)
f = e oy’ M=
1 v (2) 1 _ @
& = V(1) +0l(2) + ol (er) (1) = 27

1 vi(er) ~399.(6)

C1

1 1 v (V1) =
(1) +v1(2) + vl (er) 27
For the game on hyperlink Hs a characteristic function for players 3, ¢; and ¢
v%(3) = 15,0%(c1) = 8,v%(¢c2) = 11
v*(N2) = &, = 34.(3)

2 _ v*(3) 2 _ ﬁ
& = v2(3) + v%(c2) —i—v?(cl)v (N2) = 34
2 v2(cr) 9 _274.(6)
Ee, = v2(3) + v%(co) + v2(01)v (N2) = 34
5 v%(cz) _ 377.(6)

cy T

2 2 2 v (Na) =

v2(3) + v2(c2) + v3(c1) 34

For the game on hyperlink Hs a characteristic function for players 4 and ¢
v¥(4) = 3,v%(c2) =5

v3(N3) = €, = 12.(3)
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3
3 v°(4) 3 37
= - N =
4T 1 v3(02)” (N3) 3
3
s e) 4 6L()
= " ‘< N _ 7
2 = u3(4) + v3(02)v (N3) 3

Third step. Now we need to sum the payoffs of players c¢; and ¢

. 399.(6)  274.(6)
_ _ ol 2 _
o= doog =gl +El = T
JjiH; €Becy
. 377.(6)  61.(6)
562 - ) Z 5g2 = 8022 +5032 = 34 8
Jj:H;EBe,
So we get the imputation
~363.(3) _ 218
b= b=
515 37
G=gpba=3g
s _ 399.(6) n 274.(6) ~377.(6)  61.(6)
a7 34 77 34 8
4. Conclusion

A cooperative game with a hypergraph communication structure is proposed. The
two-level cooperation in this class of games is considered. A new approach for the
definition of the characteristic function for coalitions of hyperlinks is introduced.
For a two-level cooperation structure, a new allocation rule is proposed. Examples
of hypergraph games are presented.
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