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Abstract—This paper extends the framework of power indices
and proposes a notion of coalition power indices to evaluate
influence of each coalition in simple games. A coalition power
index is defined as a map that assigns a real number to
each pair of a simple game and a coalition in the game. The
blockability index is then defined as an example of coalition power
indices based on the blockability relations on simple games. It is
verified that the blockability index satisfies Dummy Coalition
and Coalition Symmetry axioms, which are generalized from
Dummy Player and Symmetry axioms. It is also shown that the
blockability index coincides with the Banzhaf index except their
constant coefficients on one-player coalitions.

Index Terms—game theory, simple game, blockability relation,
power index, coalition, group decision making.

I. INTRODUCTION

Group decision situations such as meetings and elections
are mathematically modeled as simple games [9], [10] in the
framework of the theory of cooperative games. A simple game
is defined as a special case of games in characteristic function
form [10], and represents a decision situation by specifying the
decision makers and the decision rule of the situation such as
majority and unanimity. The decision makers are described as
a finite set of players and the decision rule is described as a set
of winning coalitions, which are coalitions that have enough
power to control the decision as a whole.

It is very important for analysis of group decision situations
to compare influence of each coalition. If such comparison
becomes possible, we will be able to estimate what decision
will be made and which coalitions will form. It may also be
helpful information for players to make decisions.

Relations on the set of all coalitions are methods to enable
such comparison of coalition influence on simple games. The
blockability relations are proposed in [4] as another type of re-
lations than the desirability relations [3], [9]. The blockability
relations compare coalitions with respect to how much they
can make winning coalitions losing, that is, how blockable
they are, while the desirability relations compare coalitions
in terms of how close they are to be winning. Differences
between the blockability relations and the desirability relations
are investigated in [4], [S]. The blockability relation is always
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transitive, while the desirability relation is not, which are
proven in [4]. The blockability relation on a simple game is
complete if and only if the game is S-unanimous for a coalition
S as shown in [5], while the desirability relation on a simple
game is complete if the game is a weighted majority game as
presented in [3].

Power indices are methods to measure influence of players
on simple games by assigning real numbers to them. Many
types of power indices have been proposed. The most impor-
tant one is the Shapley-Shubik index [8]. It is a direct applica-
tion of the Shapley value [7], which was originally defined as a
solution to games in characteristic function form. Specifically,
the Shapley value is defined as expectation of each player’s
marginal contribution when each order of players arises with
equal probability in formation of the grand coalition, and then,
the Shapley-Shubik index is defined as the restriction of the
Shapley value to simple games to indicate the probability of
each player’s turning a losing coalition into winning. Shapley
[7] showed that the Shapley value is uniquely derived from
the four axioms that are desirable properties for a solution to
games in characteristic function form.

Another well-known power index is the Banzhaf index [1],
[6], which measures players’ probability of turning a losing
coalition into winning under the assumption that each coalition
forms with equal probability. In contrast to the case of the
Shapley-Shubik index, the Banzhaf value [6] is derived from
the Banzhaf index as its extension to games in characteris-
tic function form. Dubey and Shapley [2] characterized the
Banzhaf value as the unique value that satisfies another system
of four axioms.

As far as the authors know, power indices developed in all
the previous works are devoted to measure power of players. In
this context, they can be said player power indices. However,
as mentioned above, it is important to evaluate influence of
each coalition, as well as of each player. The aim of this
paper is to extend conventional player power indices to propose
the notion of coalition power indices, which assign to each
coalition a real number that indicates its power.

Then, the blockability index is defined as an example of
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coalition power indices based on the blockability relations. It
measures influence of coalition .S according to the concept of
the blockability of S, that is, how many winning coalitions
S can block in all winning coalitions in a simple game.
Some properties of the blockability index are investigated in
this paper. It is verified that the blockability index satisfies
the two axioms, which are generalized from axioms that
characterize the Shapley-Shubik index and the Banzhaf index.
It is also confirmed that the blockability index coincides with
the Banzhaf index except their constant coefficients on one-
player coalitions.

The structure of this paper is as follows: Section II presents
the framework of simple games, blockability relations and
power indices. In Section III, the concept of coalition power
indices is proposed and the definition and properties of the
blockability index is provided. Section IV is devoted for
concluding remarks.

II. FRAMEWORK

This section presents the framework that is employed in
this paper. Specifically, we see definitions of simple games
and other relevant notions in Section II-A, the definition of
the blockability relations in Section II-B, and the definitions
of two types of conventional player power indices, the Shapley-
Shubik index and the Banzhaf index, and their axiomatic
characterizations in Section II-C.

A. Simple Games

A simple game is defined as a special case of a game
in characteristic function form in the following way in the
framework of the theory of cooperative games:

Let N = {1,2,...,n} be aset of players. Each subset of N
is called a coalition and a coalition {iy,4s,...,%,} is often
denoted by i1ig - - iy, for simplicity. For example, {1,2,3}
is simply expressed by 123. Let 2"V denote the family of all
subsets of N and R denote the set of all real numbers.

Definition II.1 (Game in characteristic function form [10]). A
game in characteristic function form is a pair (N,v), where
N is a finite set of players and v : 2V — R is a characteristic
function where v(()) = 0.

The number v(S) is interpreted as the payoff that coalition
S can obtain by cooperation of members in S. Note that a
game in characteristic function form is sometimes denoted by
just v, instead of (N,v), when the set N of players is clear.

Definition IL2 (Simple game [9], [10]). A game (V,v) in

characteristic function form is said to be a simple game when
it satisfies the following conditions:

1) v(S) € {0,1} forall SC N

2) v(@) =0, v(N)=1

3) For S,T C N, if S C T, then v(S) < v(T)
monotonicity)

(called

The first condition divides coalitions into two types: 2V =
W(v) U L(v), where W(v) = {S € N | v(S) = 1} and
L(v) = {S C N | v(S) = 0}. A coalition in W (v) is called

a winning coalition, and in L(v) a losing coalition. Because
giving a characteristic function v is equivalent to giving a set of
winning coalitions W (v), a simple game is sometimes defined
as a pair (N, W (v)) of a set N of players and a family W (v)
of winning coalitions.

Example IL.1. Let N = {1, 2, 3}. For a characteristic function
v: 2N — {0,1} such that W(v) = {S C N | v(S) = 1}
= {12,13, 23,123}, the pair (N,v) form a simple game. For
v 2NV — {0,1} such that W (v') = {123}, (N,v') is another
example of simple games. Simple games (N,v) and (N,v’)
represent three-player decision situations with the majority and
the unanimous rule, respectively.

Two special types of simple games are identified by the
concepts of properness and S-unanimity for a coalition S. In a
proper simple game, the complement of a winning coalition is
always losing. In an S-unanimous simple game, every winning
coalition includes S. Each member of S is a vetoer.

Definition IL.3 (properness). A simple game (N, v) is said to
be proper, if and only if it is satisfied that for all T C N, if
v(T) =1 then v(N\T) = 0.

Definition I1.4 (S-unanimity). Consider a simple game (N, v)
and a coalition S C N. (N,v) is said to be S-unanimous, if
and only if it is satisfied that v(T') = 1 if and only if 7D S.

B. Blockability Relations

The blockability relation [4], [5] on a simple game is
defined as a binary relation on the set 2V of all coalitions
in N. Let W(v) = {S C N | v(S) = 1} be the set of all
winning coalitions of simple game (N, v).

Definition ILI.5 (Blockability relation [4]). Consider a simple
game (N, v). For coalitions S and S’, S = S’ is defined as:
for all T € W (v), if T\S’ ¢ W(v) then T\S ¢ W (v). =% is
called the blockability relation on (N, v).

This definition is interpreted as follows: coalition S is said
to be equally or more blockable than coalition S’ when it
is satisfied that for all winning coalitions 7', if S’ can block
T, that is, S’ can make T losing by deviating from T, then
coalition S can also block T'.

The next proposition shows that S =? S’ is equivalent to
B(S) D B(S'), where B(.S) is the set of all winning coalitions
that are blocked by coalition S. This notation of B(S) is
employed for the definition of the blockability index in Section
II-A

Proposition IL.1 ([5]). Consider a simple game (N,v) and
the blockability relation =* on (N,v). Then, it is satisfied
that for all coalitions S and S', S =Y S’ is equivalent to
B(S) > B(S'), where for S C N,

B(S)={T c N |v(T)=1and v(T\S) = 0}.

Completeness of a relation is an important property for a
better comparison. In [5], the completeness of the blockability
relation on a simple game is characterized with S-unanimity
of the game for a coalition S.
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Definition I1.6 (Completeness of blockability relations). The
blockability relation = on a simple game (N, v) is said to be
complete, if and only if for all coalitions S and S’, S =° S’
or S’ >" S holds.

Proposition IL2 ((5]). The blockability relation = on a simple
game (N, v) is complete, if and only if (N,v) is S-unanimous
for a coalition S.

C. Power Indices

A power index is defined as the restriction of a value on
games in characteristic function form to simple games. Power
indices and values are methods to evaluate each player by
assigning to him a real number whose magnitude represents his
power in the decision situation. In the succeeding arguments
in this paper, let the set N = {1,2,...,n} of players be fixed
and a game (N, v) in characteristic function form (including
the case of a simple game) be denoted simply by v.

Definition IL7 (Value). Let GV be the set of all games v
in characteristic function form on N. A value on GV is a
map ¢ : GY — R™, v (01(v),92(v), ..., @n(v)). The ith
component ¢;(v) is called the value of player ¢ in v.

Definition IL.8 (Power index). Let SGN be the set of all
simple games v on N. A power index on SGV is a map
w: SGN — R™, v — (p1(v),p2(v),...,9n(v)). The ith
component ¢;(v) is called the power index of player i in v.

Many power indices have been proposed based on various
ways of thinking. This subsection presents, among others, the
Shapley-Shubik index and the Banzhaf index, which are in
most important power indices.

The Shapley-Shubik index [8] is defined as the restriction
of the Shapley value [7].

Definition I1.9 (Shapley value [7]). The Shapley value is the
value ¢ : GN — R™, v — (¢1(v), ¢2(v), ..., b, (v)) where
foralli e N,

s—1)!

sl(n —
Z ( n!

SCN,i¢s

¢i(v) = [v(SU{i}) —v(9)].

Here, s is the number of members in S.

The Shapley value ¢;(v) of player ¢ in game v is interpreted
as expectation of ¢’s marginal contribution v(S U {i}) — v(S)
to the payoff v(IN) of grand coalition N when each order of
n players has equal probability with respect to formation of
the grand coalition.

Definition I1.10 (Shapley-Shubik index [8]). The Shapley-
Shubik index is the power index ¢ : SGN — R", v
(1(v), P2(v), ..., ¢n(v)) where for all i € N,

sly= Y Hreeslh

v(8)=0,
v(SU{i})=1

The Shapley value, and consequently the Shapley-Shubik
index, are characterized as the unique value and the

unique power index, respectively, that satisfy the follow-
ing axioms. Consider a value ¢ : GN - R", v —
($1(v), P2(v), ..., dn(v)) and take v € GV arbitrary.

Axiom IL1 (Efficiency [7]). > ¢i(v) = v(N).

ieN
Axiom IL.2 (Dummy Player [7]). If i € N is a dummy player
in game v, that is, v(SU{i}) = v(S) for any coalition .5, then

Axiom IL.3 (Symmetry [7]). If player ¢ and j are symmetric
in game v, that is, v(S U {i}) = v(S U{j}) for any coalition
S such that 4,5 ¢ S, then ¢;(v) = ¢;(v).

Axiom IL4 (Additivity [7]). For all games vi,v2 € Gy,
d(v1+v2) = ¢(v1)+P(v2), where the game vy 4 vs is defined
as: (v1 +v2)(S) = v1(S) +v2(S) forall S C N.

Efficiency axiom means that players share all the obtained
payoff v(IN). Dummy Player axiom says that the value for a
player who makes no contribution should be zero. Symmetry
axiom guarantees the players in the same situations with
respect to the function v should have the same value. Additivity
is the axiom that guarantees linearity of the value.

Theorem II.1 (Shapley [7]). The Shapley value is the unique
value that satisfies Efficiency, Dummy Player, Symmetry and
Additivity axioms.

In contrast to the case in which the Shapley-Shubik index
is derived from the Shapley value, the Banzhaf index [1], [6]
is first defined and then the Banzhaf value [6] is defined as an
extension of it.

Definition I1.11 (Swing [1]). Consider a simple game v and
take ¢ € N and S C N\{¢}. The pair of coalitions (SU{i}, S)
is said to be a swing for player ¢ if and only if v(SU{i}) =1
and v(S) = 0. The player i is called a swinger. The number
of swings for ¢ in game v is denoted by n;(v).

Dividing 7;(v) by 27—, the number of all possible pairs,
we obtain the Banzhaf index.

Definition I1.12 (Banzhaf index [6]). The Banzhaf index is the
power index 3 : SGN — R"™, v — (B1(v), B2(v), ..., Bn(v))
where for all 7 € NV,

ni(v)
ﬁl(v) = 2?1—1 :

Note that what Banzhaf [1] originally defined as player
i’s voting power was simply 7;(v). The Banzhaf index is
interpreted as expectation of player ¢ to be a swinger, when
every coalition is equally probable.

Definition I1.13 (Banzhaf value [6]). The Banzhaf value is the
value B : GYN — R", v — (81(v), B2(v),. .., Bn(v)) where
for all i € N,

1
ﬁz(v) = on—1

ST s u{i}) —u(9)].

SCN,i¢sS

1575



Dubey and Shapley [2] characterized the uniqueness of the
Banzhaf index and Banzhaf value with another system of four
axioms including Symmetry and Dummy Player axioms.

III. COALITION POWER INDICES

This section presents the notion of a coalition power index
(CPI) on simple games, which is extended from the conven-
tional framework of a player power index (PPI) to evaluates
each coalition’s power. In Section III-A, the blockability index
is defined as an example of CPIs based on the blockability
relations. In Section III-B, properties of the blockability index
are investigated. It is proven that the blockability index satisfies
Dummy Coalition and Coalition Symmetry axioms, which are
generalized from Dummy Player and Symmetry axioms. It also
turns out that the blockability index coincides with the Banzhaf
index except their constant coefficients when it is restricted to
one-player coalitions.

A CPI on simple games is defined as a map that assigns a
real number to each pair of a simple game and a coalition of
the game.

Definition III.1 (Coalition power index). A coalition power
index (CPI) is a map ¢ : SGN x 2V — R.

We usually write cg(v) instead of ¢((v, S)) with v € SGV
and S € 2V, and we call cg(v) the power index of coalition
S in simple game v.

A. Blockability Index

Consider a simple game v, and let W(v) = {S C N |
v(S) = 1} be the set of all winning coalitions in v. For a
coalition S, B(S) ={T C N | v(T) =1 and v(T\S) = 0} is
the set of all winning coalitions that are blocked by coalition
S, as seen in section II-B. It is natural to say that the larger the
number |B(S)| of winning coalitions that S can block is, the
more “blocking power” coalition S have as a whole. Based on
this point of view, we define the blockability index as follows:

Definition IIL.2 (Blockability index). The blockability index
isa CPI b: SGN x 2V — R where for S C N,
; 1B(S)|
bS (’U) = .
W (v)|

The blockability index of coalition S indicates the ratio
of the number of winning coalitions that S can block to the
number of all winning coalitions. In fact, for any simple game
v and any coalition S, 0 < i)s(v) < 1 holds. If the game v is
proper, we have that ET(U) =1 for every winning coalition 7T’
since a winning coalition can block all the winning coalitions
in proper games.

Example IIL.1. Consider a proper simple game (NN, v) where
N ={1,2,3,4} and

W(v) = {12,123,124,234,1234}.
(L(v) = {0,1,2,3,4,13,14,23,24, 34, 134})

To calculate the blockability index Es(v) of all coalitions S,
we first find out B(.S) for all coalitions S:

{234} for S = 3,4, 34,
B(S) = { {12,123,124} for S =1, and
W (v) otherwise.

From this, we obtain the result:

0.2 for S =3,4,34,
0.6 for S =1, and
1 otherwise.

bs(v) =

B. Properties of Blockability Index

Referring to the axiomatic characterizations of the Shapley-
Shubik index and the Banzhaf index seen in Section II-C,
we generalize Dummy Player and Symmetry axioms to de-
fine Dummy Coalition and Coalition Symmetry axioms. It is
verified that the blockability index satisfies both of the two
generalized axioms.

Consider a CPI ¢ : SGN x 2V — R and take v € SGV
arbitrary.

Axiom IIL.1 (Dummy Coalition). If coalition D is a dummy
coalition in simple game v, that is, v(S U D) = v(S) for any
coalition S, then ¢p(v) = 0.

Axiom IIL.2 (Coalition Symmetry). If coalitions 7" and 7" are
symmetric in simple game v, that is, there exists a bijection
f T — T’ such that for all ¢ € T players ¢ and f(i) are
symmetric in v, then c7(v) = e (v).

Note that a coalition becomes a dummy coalition if and
only if every player in the coalition is a dummy player, which
is shown in the next proposition:

Proposition IIL1. For all v € SGY, it is satisfied that a
coalition D is a dummy coalition if and only if every player
i € D is a dummy player.

Proof: Assume that D is a dummy coalition, that is, for
all S € N, v(SUD) = v(S). Take i« € D. We have that
v(SUD) > v(SU{i}) > v(S) from monotonicity. Now since
v(S'U D) = v(S), we have that v(S U {i}) = v(S), which
implies ¢ is a dummy player.

Assume that every player i; € D = {iy,i2,...,1q4} is a
dummy player and take S C N arbitrary. We have that

U(SUD)
— (U D\ U {in}) = o(S U (D\{ir})
% U(S @] (D\{il,ig}) @] {22}) = U(S @] (D\{il, ’LQ}))

=v(SU (D\{i1, iz, ... iq}) U {ia})
v(S U (D\{i1,i2,...,ia}))
= v(5),
which implies that D is a dummy coalition. 0

To prove that the blockability index satisfies Coalition
Symmetry axioms, the following sequence of four lemmas is
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needed. Let (N,v) be a simple game and W = {S C N |
v(S) = 1} be the set of all winning coalitions in (N, v).

Lemma IIL1. Let i,j € N be such players that i and j are
symmetric. For the transposition 7 = (i j), S € W if and
only if 7(S) e W.

Proof: Assume S € W, that is, v(S) = 1. We have four
cases.
1) ie Sand j € S:
v(7(S5)) = v(5) =1
2)ieSandj¢Ss:
o(7(9)) = v((S\{i}) U {7} = v(S\{i}) u{i}) =
v(S)=1
3) i¢ Sand j € S:
o(7(9)) = v((S\{7}H) U {i}) = o((S\{5}) L {i}) =
v(S)=1
4)i¢ Sand j¢S:
v(7(S)) = v(5) =1
In all cases, we have v(7(S)) = 1, which means 7(S) € W.
Next, assume 7(S) € W. Taking the same procedure given
above, we have 7(7(S)) € W, which implies S € W. O

Lemma IIL2. Let 7 : N — N be such a permutation that
for any i € N, i and (i) are symmetric. Then m7(W) = W,
where m(W) = {n(S) | S € W}.

Proof: For some positive integer k, the permutation 7
can be written as a product m = 179 - - - T3, of k transpositions
7= "(ii 51) (1=1,2,...,k) that transpose symmetric players
1; and j;, which is proven as follows:

Define a binary relation R on N as: ¢Rj if and only if
¢ and j are symmetric. We can easily verify that R is an
equivalence relation on NN. Hence, for some positive integer
m, N is divided into a partition N = C; UCyU---UC,, with
m equivalence classes Cp, (p = 1,2,...,m) by the relation
R. Then 7 is closed on every Cp, that is, 7(C)) = C), by the
definitions of = and R, and is described as m = my7mo - - - Ty,
where 7, is such the permutation that maps players in C,, with
m, and fixes players not in C:

if i € C),
i otherwise.

From a theorem in algebra, the restriction 7rp\cp of m, to C)p
can be written as a product of transpositions in C,,. Because
every two players in C, are symmetric, all of those transposi-
tions in C), transpose symmetric players. Consequently, each
m, can be written as a product of transpositions all of which
transpose symmetric players, and thus, so can 7.

Now prove that 7(WW) = W. For S C N, by using Lemma
III.1 repeatedly, it is satisfied that

SeW <= n(S)ew
<~ TQTl(S)GW

<':> Tk;"'TQTl(S) ceW
= 1 (S)eW.

Note that 7' = (mm-7)™ ' = 7t nply! =

Tk -+ - T2m1. Since 771(S) € W is equivalent to 7(7~1(S))
S € w(W), it is satisfied that S € W if and only if S € 7(
and thus, 7(W) = W.

~—

s

O

Lemma IIL.3. For a permutation w: N — N and coalitions
S, T C N, n(S\T) = w(S)\m(T).

Proof: For all i € N, it is satisfied that
i€m(S\T) <= 7 (i) € S\T
= 7 '()eSandn (i) ¢ T
<~ ien(S)and i ¢ n(T)
— i€ n(S)\n(T).
Therefore, 7(S\T) = 7(S)\#(T) holds. O

Lemma IIL4. Let T, T C N be such coalitions that T and
T’ are symmetric. Then |B(T)| = |B(T")|.

Proof: Let f : T — T’ be such a bijection that for
all ¢ € T, player 7 and player f(i) are symmetric. Here we
construct another bijection g : T — T” from f, according to
the following four cases:

1) For i € T\T' such that f(¢) € T'\T}

we define g(i) = f(¢). Then players ¢ and g(i) are

symmetric.

2) For ¢ € T\T’ such that f(i) € T' N T,

because f is a injection and 7" N T is a finite set, there

exist a positive integer k such that f*(i) € T'\T and

@) e T"'NT for m = 1,2,...k — 1. We define

g(i) = f*(i). Then players i and g(7) are symmetric from

transitivity of symmetric property of two players.

3) For i € TNT’ such that f(i) € T'\T}

because the inverse f~' : T/ — T of f is a injection

and 7" N T is a finite set, there exist a positive integer

' such that f~% (i) € T\T' and f~™ (i) € T'NT

for m’ =1,2,... K — 1. We define g(i) = f~* =D ().

Then players ¢ and g(i) are symmetric from transitivity

of symmetric property of two players.

4) For i € TNT' such that f(i) e T' N T,
we define g(i) = f(¢). Then players ¢ and g(i) are
symmetric.
Defined as above, g : T' — T" is such a bijection that 7 and

g(i) are symmetric for all ¢ € T', and that induces two bijective
restrictions:

gl : T\T" - T'\T and
glror :TNT —TNT.
Using the map g : T — T”, we define a permutation 7 :
N — N as
g(i) ifieT,
g (@) ifieT\T,
i

otherwise.

(i) =

Then it is satisfied that for all ¢ € N, ¢ and 7 (¢) are symmetric,
and that 7(T) =T".
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Now we have that for all S € W,

S e B(T)

— S\T¢W

> m(S\T) ¢ =(W)

— w(S\n(T) ¢ 7(W) (from Lemma III.3)

— w(S)\n(T) ¢ W (from Lemma III.2)

— m(S\T' ¢ W

= n(S) € B(T").
Therefore, it is satisfied that B(T") = {w(S) | S € B(T)},
which implies |B(T)| = |B(T")|. d

Now we have the next theorem.

Theorem III.1. The blockability index b satisfies Dummy
Coalition and Coalition Symmetry axioms.

Proof: Let v € SGV be a simple game and D be a
dummy coalition. To verify B(D) = 0, assume B(D) # (.
Then there exists a winning coalition S € W(v) such that
v(S) =1 and v(S\D) = 0. From monotonicity, it is satisfied
that v(S) < v(S U D), which implies v(S U D) = 1. Since
SUD = (S\D)UD, v((S\D)U D) =1 holds. For coalition
S\D, it is satisfied that v(S\D) = 0 and v((S\D)U D) =1,
which contradicts that D is a dummy coalition. Therefore, we
have that B(D) = () and

Py B
bD(U) = W =0.

Hence, the blockability index b satisfies Dummy Coalition
axiom.

Let T, T C N be such coalitions that 7' and 7" are
symmetric. Since |B(T)| = |B(T")| from Lemma IIL4, we
have that

/
ooy — B BT
(W) [W(v)|

= ZAJTI(U).

Hence, the blockability index b satisfies Coalition Symmetry
axiom. 0

Finally, we consider the relationship between the blocka-
bility index and the Banzhaf index. Although they seem to be
defined in completely different ways, they coincide except their
constant coefficients when the blockability index is restricted
to one-player coalitions and viewed as a PPL

Theorem IIL.2. For all v € SGY and all i € N,

Bi(v)

n—1
W ()]
Proof: Tracing back to the original definitions of the
blockability index and the Banzhaf index, we have that
: [B({i})] ni(v)
iy (v) W) Bi(v) 1

To prove the theorem, we should verify that |B({i})| = n;(v).
It is satisfied that for all S C N, S € B({i}) if and only if
v(S) =1 and v(S\{i}) = 0, which is equivalent to that the

b{i} (v) =

pair (S, S\{i}) is a swing for player i. Thus, the number 7; (v)
of swings for ¢ equals to |B({i})|. O

IV. CONCLUSION

As a method to evaluate coalition influence in a simple
game, the notion of a coalition power index (CPI) was pro-
posed in this paper (Definition III.1). A CPI was defined as
a map that assigns a real number to each pair of a simple
game and a coalition in the game. The blockability index
was then defined as an example of coalition power indices,
based on the blockability relation on a simple game (Definition
II1.2). It measures power of each coalition with respect to
how many winning coalitions it can turn losing by deviation.
Some properties of the blockability index were investigated
(Theorems III.1 and IIL.2). It turned out that the blockability
index satisfies Dummy Coalition and Coalition Symmetry
axioms and that the blockability index coincides with the
Banzhaf index except their constant coefficients on one-player
coalitions.

One of the most important topics for future research op-
portunities is to provide an axiomatic characterization of the
blockability index. It is desired to identify a system of axioms
that characterizes the blockability index as the unique CPI that
satisfies the axioms. Another topic is to apply the blockability
index to analysis of group decisions in reality. Voting situations
in national and regional parliaments, for example, are suitably
modeled as simple games. The blockability index can be an
effective tool to evaluate each coalition of parties.

REFERENCES

[1] J. F. Banzhaf, “Weighted voting doesn’t work: a mathematical analysis,”
Rutgers Law Review, vol. 19, pp. 317-343, 1965

[2] P. Dubey and L. S. Shapley, “Mathematical Properties of the Banzhaf
Power Index,” Mathematics of Operations Research, vol. 4, pp. 99-131,
1979.

[3] E. Einy, “The desirability relation of simple games,” Mathematical Social
Sciences, vol. 10 pp. 155-168, 1985.

[4] K. Ishikawa and T. Inohara, “A method to compare influence of coalitions
on group decision other than desirability relation,” Applied Mathematics
and Computation, vol. 188, no. 1, pp. 838-849, 2007.

[5] M. Kitamura and T. Inohara, “A characterization of the completeness of
blockability relation with respect to unanimity,” Applied Mathematics
and Computation, vol. 197, pp. 715-718, 2008.

[6] G. Owen, “Multilinear extensions and the Banzhaf value,” Naval Re-
search Logistics Quarterly, vol. 22, pp. 741-750, 1975.

[71 L. S. Shapley, “A value for n-person games,” in: H. W. Kuhn and A. W.
Tucker (Eds.), Contributions to the Theory of Games vol. II, Princeton,
NJ: Princeton University Press, pp. 307-317, 1953.

[8] L. S. Shapley and M. Shubik, “A method for evaluating the distribution
of power in a committee system,” American Political Science Review,
vol. 48, pp. 787-792, 1954.

[9]1 A. D. Taylor and W. S. Zwicker, Simple Games: Desirability Relation,
Trading, Pseudoweightings. Princeton, NJ: Princeton University Press,
1999.

[10] J. von Neumann and O. Morgenstern, Theory of Games and Economic
Behavior (Sixtieth Anniversary Edition). Princeton, NJ: Princeton Uni-
versity Press, 2004.

1578




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


