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The nucleolus and kernel of veto-rich transferable
utility games

By
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Abstract

The process of computing the nucleolus of arbitrary transferable utility games
is notoriously hard. A number of papers have appeared in which the nucleolus is
computed by an algorithm in which either one or a huge number of huge linear
programs have to be solved.

We show that on the class of veto-rich games, the nucleolus is the unique
kernel element. Veto-rich games are games in which one of the players is needed
by coalitions in order to obtain a positive payoff. We then provide a fast algorithm
which does not use linear programming techniques to compute the nucleolus on
these games.

Furthermore, we provide several examples of economic situations which belong
to the class of veto-rich games and which are treated in the literature.
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1 Introduction

A Transferable Utility (TU) game (N, v) as introduced by Von Neumann and Morgen-
stern (1944) consists of a finite set N of players, and a characteristic function v: 21`' -~ R,
satisfying v(~) - 0. The aim of this paper is the study of TU-games controlled by a
veto player. A vefo player in a non-negative TU-game (N,v) is a player i E N that is
necessary to obtain a positive payoff, i.e. v(S) - 0 for all coalitions S not containing
player i. A TU-game (N,v) is a veto-rich game if it is non-negative, it has at least one
veto player i, and v(N) ~ v({i}). The last inequality insures that veto-rich games have
imputations. The class VGN of veto-rich games with fixed player set N and a fixed veto
player i is a. convex cone in t.he class of all TL1-games, that. is, if v and 2o are (veto-rich)
games with veto player i, then so is av -~ Qw for all non-negative numbers a and Q.

Subclasses of the class of veto-rich gatnes have been studied by different authors : Big
Boss games by Mtzto, Nakayama, Potters, and Tijs (1988) and Clan games by Potters,
Poos, Tijs, and Muto (1989). In these papers many economic illustrations are presented.
One important difference between these classes and the class of veto-rich games is that
veto-rich games do not have to be monotonic, which allows one to model more economic
situations.

Other economic illustrations containing a veto agent can be found in different circum-
stances. A market with increasing returns to scale, where the agents are one monopolist
and rz - 1 consumers has been studied by Sorenson, Tschirhart, and Whinston (1978).
An information good market with one possessor of information and many demanders
has been studied by Muto, Potters, and Tijs (1989). A variant of this market, where
demanders compete, which destroys the monotonicity of the games of Muto, Potters and
Tijs (1989), is considered in Arin (1992). Different types of auctions have been modeled
as a veto-rich gazne, see Schotter (1974) and Graham, Marshall, and Richard (1990).
Also, production economies with a landowner and landless peasants (cf. Shapley and
Shubik (1967)) can be modeled as games with a veto player. Chetty, Dasgupta, and
Raghavan (1970) computed the nucleolus of these games.

In the present paper we exploit the special properties of veto-rich games to compute
the nucleolus, introduced by Schmeidler (1969) and the kernel, introduced by Davis and
Maschler (1965). The nucleolus was introduced as the unique imputation that lexico-
graphically minimizes the vector of non-increasingly ordered excesses over the set of
imputations. Peleg [see Kopelowitz (1967)] suggested a way to compute the nucleolus.
It is a"translation" of the definition of the nucleolus into a sequence of linear programs.
Theoretically, the sequence can have length 2", but usually, it terminates long before
that. Kolilberg (1972) developed another method to locate the nucleolus. His approach
involves solving a single, but extremely large linear program (O(n) variables and 2"!
constraints for a n-person game). Moreover, the coefficients appearing in the constraints
have a very wide range, causing serious numerical difficulties even for four players. In
Owen's (1974) itnproved version one has to solve a single linear program with O(2")
variables and 4" constraints. Maschler, Peleg, and Shapley (1979) gave a constructive
definition of the nucleolus, in which the set of imputations under consideration is itera-
tively reduced until only oue imputation remains. This approach leads to O(4") linear
programs, each with O(n) variables and O(2") constraints including only coefficients of
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-1,0 or 1. Sankaran (1991) proposed a similar procedure, with only D(2") iterations.
These formulations are numerically stabler than the approach of Kohlberg and Owen,
but the number of linear programs is enormous.

On spe.cial classes of games, it may be possible to take advantage of the specific
structure of the games to compute the nuclenlus using a more efficient algorithm. For
example, Solymosi and Raghavan (1994) propose an algorithm for computing the nucle-
olus of assignment games. In these games, there are two types of players. If there are m
players of the first type, n players of the second type, and m- min{m, n}, then Solymosi
and Raghavan's algorithm computes the nucleolus in at most m(m -}- 3)~2 steps, each
requiring at most O(na.n) elementary operations. They apply graph-related teclmiques
instead of linear programming.

Granot and Huberman (1984) pruved LLat fur tninimurn wst spanning tree games
the size of the linear programs in the algorithm of Maschler, Peleg, and Shapley can
be reduced : the coalitions whose complement is not connected in the tree constructed
for the grand coalition are not relevant for the computation of the nucleolus. Moreover
they provide a geometric characterization of the nucleolus, which they exploit to give a
sequence of vectors that converges to the nucleolus.

Granot, Maschler, Owen and Zhu (1994) study the kernel and nucleolus of standard
tree games. These games are convex, so the kernel and nucleolus coincide. They give an
algorithm that gives the nucleolus in n steps in a tree game with n players.

Huberman (1980) proved that the nucleolus of an arbitrary game only depends on
so-called essential coalitions if the core is non-empty. In minimum cost spanning tree

games, these are exactly the coalitions that are used by Granot and Huberman. Derks
and Kuipers (1992) use this to find an O(nc2) algorithm for computing the nucleolus of
a game with a particular connectedness property, that has a non-empty core. Here, c
is the number of connected coalitions. A veto-rich game can be viewed as having 2"-r
connected coalitions, so their algorithm is O(n4"-t) on the class of veto-rich games.

An extensive overview of the research on the nucleolus is given in Maschler (1992).

This paper is organized as follows : we introduce all necessary concepts in a prelim-
inary section. Sectiou 3 contains the proof that the kernel of a veto-rich game contains
only the nucleolus. In section 4 we use this result to present an algorithm that com-

putes the nucleohts of an n-player game in at most n stages, each stage requiring taking
the minimum of not more than 2"-t real numbers obtained by 2 subtractions and one
division. [n each stage at least one coordinate of the nucleolus is computed. Section 5

coucludes with a short study of other solution concepts on veto-rich games : we show
that for arbitrary veto-rich games the nucleolus is not a population monotonic allocation
scheme in the sense of 5prumont (1990), nor do the Shapley value, r-value and nucleolus
coincide. As shown in Potters, Muto, and Tijs (1990), the bargaining set and the core

of a veto-rich game coincide if the core is non-empty.
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2 Preliminaries

We will sometimes refer to a game by its characteristic function if this does not create

any ambiguity. The set oj imputations I(N,v) of a TU-game (N,v) is defined as

1(N,v) :- {x E RN ~ x(N) - v(N) and x; ~ v({i}) for all i E N}.

The imputation set of an arbitrary game can be empty, but veto-rich games have a non-

e~npty imputation set. An inessential game (N,v) is a game with only one imputation

i.e. v(N) -~;ETrtl({i}), other games are essential.
If x E RN and S C N, we denote

x(S) :- ~ x;.
iES

For an imputation x E 1(N, v), define the excess of a coalition S C N at x as E(S, x) -

v(S) - x(.S) and let B(x) be the vector of all excesses at x arranged in non-increasing

order of magnitude. The lexicographic order ~~ between two vectors x and y is defined

by x~L y if there exists an index k such that x~ - y~ for all l G k and xk G yk, and the

weak lexicographic order -CL by x~~ y if x~L y or x- y.
5chmeidler (1969) introduced the nucleolus of a TU-game as the unique payoff that

lexicographically minimizes the vector of non-increasingly ordered excesses over the set

of imputations I(N,v). In formula :

{v(N,v)} -{x E I(N,v) ~ B(x) ~~ B(y) for all y E I(N,v)}.

The core of a TU-game (N,v) is the set

Core(N, v) :- {x E I(N, v) ~ x(S) 1 v(S) for all S C N}.

It is well known that the nucleolus v(N,v) lies in the core of the game (N,v), provided

that this core is nonempty.
For two players i, j of a TU-game (N, v) and an allocation x, define the complaint of

i against j at allocation x by

s;~(x) - niax{E(S,x) ~ i E S~ j}.

It is the maximal vahie of a coalition that contains i but not j. The idea captured by the

kernel is that if at aii imputation x, the complaint of a player against any other player is

less than the complaint of this other player against the first player, then the first player

should get less. Of course, the players cannot get less than their individual worths if x

is an imputation, so the kernel is defined as

K:(N,v) -{x E I(N,v) ~ b~i, j E N: s;~(x) ~ s~;(x) or x; - v({i})}.

The kernel of a game (N,v) always contains the nucleolus v(N,v).

We denote the cardinality of a coalition S by ~S~ and its complement N`S by S`.



3 Coincidence of kernel and nucleolus on the class
of veto-rich games

In this section, we concentrate upon the kernel of a veto-rich game and prove it consists
of only one imputation, which then has to be the nucleolus. The proof is based on the
crucial fact ihaí if i is a veto player and j another player in a veto-rich game (N,v),
then E(S,x) - -~kESxk G -x; - E({,7},x) for all imputations x and all coalitions S
containing player j but not the veto player i. Hence s~;(x) --x~.

Lemma 3.1 Let x lie in the kernel of the veto-rich game ( N, v). Then

x; - v({i}) ~ x~

for any veto player i and any player j.

Proof : Suppose an inputation x satisfies x; - v({i}) G x~. Then s;~(x) ~ v({i}) - x; ~
-x~ - s~;(x) and x~ ~ x; - v({i}) ~ 0, because x is an imputation. So x does not lie in
the kernel. o

Note that in an essential veto-rich game, any veto player i is allocated strictly more
than his individual worth v({i}) in a kernel element x. This is easily seen : by lemma 3.1,
x; - v({i}) is larger than or equal to x~ for any other player j and if i gets a payoff
of v({i}), then all other players get 0. But then v(N) - x(N) - v({i.}) -~~EN v({j}),
so the game is inessential. Hence, it holds that s;~(x) ~ sj;(x) for all other players j.

Second, if v({i}) ~ 0 in a veto-rich game (N,v) with veto player i, then this veto
player gets strictly more than any other player in a kernel element.

Third, if there are two or more veto players, their payoffs are equal in a kernel element.
Obviously, in this case, the individual worths of the veto players are zero. It can also
happen that though there is only one veto player, there is another player who gets the
same payoff as the veto player, as is shown by the following example :

Example 3.2 Let N-{0, 1,2}, let 0 be a veto player, and let v({0}) - 0, v({0, 1}) -
1- v({0,2}), v(N) - 3. Then the unique kernel element is the equal split (1, 1, 1).

The next lemma determines the unique kernel payoff of some players.

Lemma 3.3 If x lies in the kernel of the veto-rich game (N,v) and v(S) 1 v(N) for a
coalition S, then E(,S, x) ~ 0 and x~ - 0 for all players j in the complement of S.

Proof : Let j lie in the complement of S. If S contains no veto player, then 0- v(S) 1
v(N), which implies that the zero vector is the unique imputation. If S contains a veto
player i, then

s;;(x) ~ E(S, x) - v(S) - x(S) 1 v(N) - a(S). (3.1)

Because the imputation x is non-negative, v(N) - x(S) ~ v(N) - x(N) - 0. Combining
this with equation 3.1, we obtain -

s;i(x) ~ 0 1 -x~ - s~;(x). (3.2)

If x lies in the kernel, either inequality 3.2 is an equality, or x~ - v({j}) - 0. But if
inequality 3.2 is an equality, then x~ - 0 as well. ~
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Lemma 3.4 If x lies in the kernel of the veto-rich game (N, v) with veto player i, and
v(S) G v(N) for a coalition 5' containing veto player i, then E(S, x) G 0.

Proof : Suppose that E(S,x) ~ 0. For any j E N`S, coalition S can be used by the
veto player to complain against j. Now s;;(x) - -x; G 0, so either x; - v({j}) - 0,
or 0 1 s;;(x) ~ s;;(x) ~ 0, in which case s;;(x) - 0. But then x; - 0 as well.
So all players outside S are allocated 0. Then the excess of S equals v(S) - x(S) -
v(.S) - v(N) f x(N `S) - v(S) - v(N) G 0. This is a contradiction. t]

The next corollary asserts that in an essential veto-rich game the players whose payoff
was not determined in lemma 3.3 get a positive payoff in any kernel element.

Corollary 3.5 If x lies in the kernel of the veto-rich game (N, v) with veto player i, and
if for another player j, there is no coalition S C N`{j} with v(S) 1 v(N), then x; 1 0.

Proof : By lemma 3.1, if x; - v({i}) for a kernel element x, then the game has to be
inessential, so v({i}) - v(N), contradicting the hypothesis. Hence, x; 1 v({i}), which
implies s;;(x) ~ s;;(x) --x;. Now s;;(x) - E(S,x) for some coalition S containing
player i but not player j. By assumption, v(S) G v(N), so by lemma 3.4, the excess of
S is strictly negative and hence x; ~ 0. ~

The importance of this result lies in the fact that for a player j that has a positive
payoff in a kernel element, the complaint of j against a veto player i has to equal the
complaint of i against j. So the inequalities in the definition of the kernel can be replaced
by equalities, which makes the process of determining the kernel easier.

Before we give the main theorem of this section, we compute the kernel of a veto-rich
game that arises from an auction with an auctioneer who sells an indivisible object in
an auction with many bidders.

Example 3.6 Let N-{0,...,n} and let the auctioneer (player 0) valuate the object
at ao - 0, while this value is a; ~ 0 to the other players j E N. The worth v(S) of a
coalition .S is zero if this coalition does not contain the auctioneer, and v(S) - max{a; ~
j E S} otherwise.

Let a player with the highest valuation be called h and let a player with the highest
remaining valuation after h has been eliminated be called s. Suppose 0 G at, 1 a, ~ 0.
Now v({0, h}) - v(N), so lemma 3.3 implies that a kernel element x has to satisfy x; - 0
if j~{0, h}. If a, - ati, then also xti - 0, and the seller gets all, i.e. xo - ah. On
the other hand, if a, G ah, then there is no coalition S not containing player h with
v(.S) ? v(N), so by corollary 3.5, xh ~ 0. Remembering the remark after the corollary,
we obtain -xh - sho(x) - soh(x). Any coalition S containing the auctioneer but not
player h has excess E(S,x) - v(S) - xo, which is highest if player s is an element of S.
Hence soh(x) - E({O,s},x) - a, - xo, which implies

xh - xQ - a,.

Together with efficiency (xo ~- xh - v(N) - ah), this implies xo -(ah f a,)~2 and
xh - (ah - aa),i.
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So according to the kernel, the object is sold to the bidder with highest valuation and
the price is the average of the highest and second highest valuation.

Iu the example, the kernel is a singleton. That this is not a coincidence is shown in
the following theorem.
Theorem 3.7 The kernel of a veto-rich game (N,v) consists of a unique element.

Proof : Let x be a kernel element of the veto-rich game (N, v). By lemma 3.3, we
know that x~ - 0 for players j such that there exists a coalition S C N`{ j} with
v( S) ~ v(N). Denote Do the set of players whose payoffs are determined in this way.

Let i be a veto player of the game (N, v). Suppose that there are still players other
tlian veto player i whose payoffs have not yet been determined (if not, go to the last
paragraph). Then from the remark after corollary 3.5, we know s;~(x) - s~;(x) --x~ for
all players j~ i whose payoffs are not yet determined. We now iteratively, in at most ~N~
stages, determine more and more coordinates of x, until all coordinates are determined.
As x was chosen arbitrarily in the kernel, this proves that the kernel contains only one
element, x.

Consider a stage t 1 1. Let the set D~-t consist of the players whose payoffs have
been uniquely determined before stage t. If there are still players other than the veto
player í whose payoffs remain to be determined, consider the set of coalitions admissible
at stage t

,A~ -{S C N ~ i E S and there exists a player j E Dr-1 `S} (3.3)

and tlie subset of coalitions with maximal excess

~t~l~ :- argmax{E(S,x) ~ S is admissible at stage t} (3.4)

and the coalition
S~ - n{S ~ S E ~Ns}.

Furthermore, denote pi :- -E(S, x) for an S E ~li.
By construction, for a player j E Di-„ there exists no coalition containing player i

but not player j with excess higher than -p~. Furthermore, if j E DS-1 `S~, there exists

a coalition ,S E~l~ not containing player j. Hence, E(S, x) - s;~(x) --pt. Vice versa,

for a coalition S E~t~, there exists a player in .S` that has not yet been allocated, and

for any such player j, there exists no coalition containing player i but not player j, with
excess higher than E(S,x), so s;~(x) - E(S,x). Hence by using the coalitions S E~fe,
we can exactly determine the complaints of player i against the players j E Di-1 `S~.

Now take S E~tt. Then -x~ - s~;(x) - s;~(z) - E(S, x) - -pi for any j E Di-~ `S.

So all players outside S~ whose payoffs were not yet determined have the same payoff pi.

We still have to prove that this payoff pi is independent of the allocation x. Now for

S E r1~1 ~,

-Pi - E(S, x)
- v(S) - x(S)
- v(.S) - v(N) f x(N `S)
- v(S) - v(N) -b x(Da-i ~ S) f x(Di-~ ~ S)

- v(S) - v(N) - ~ x(Da-i `S) f ~Di-i ` S~ ' ps,



where - follows because all players in Di-~ `S are allocated p,. Hence,

v(N) - v(S) - x(D,-, `S)
r~ - ID`-1 `SI } 1 ,

which is independent of the choice of kernel element x, because x(Dt-, `S) was uniquely
determined by the previous stages. Note that p~ - -E(S,x) ~ p~-,, because S is
admissible at stage t.

If the payoffs of all players other than veto player i have been uniquely determined,
then efficiency implies x; - v(N) - x(N `{i}), so the payoff of player i is then also
uniquely determined. ~

Corollary 3.8 Let (N, v) be a veto-rich game. Then IC(N, v) -{v(N, v)}.

Proof : The nucleolus lies iii the kernel, which consists of a unique element. o

It has to be noted that although we have singled out a veto player in the proof of
theoretn 3.7,the kernelisindependent of which veto player has been singled out.

4 Computing the nucleolus of veto-rich games

The proof of theorem 3.7 gives insight in the structure of the kernel~nucleolus, and
suggests an algorithm to compute the nucleolus of a veto-rich game with a veto player i.

The idea is as follows : begin by assigning zero to those players j such that there is
a coalition S not containing j, that satisfies v(S) ~ v(N). Call the set of these players
Ao.

Then iteratively, at each step t, look for the coalitions S containing i, that still have
players in their complement whose payoffs have not yet been assigned. Among these

admissible coalitions, select those coalitions that minimize the amount

v(N) - v(S) - x(A,-, `S)

~Ai-i~ t 1

The idea is that for any such minimizing coalition S, the amount v(N) - v(.S) - a(A~-1)
remains to be divided, and dividing it equally between the not yet allocated players

outside .S and the coalition .S itself, will equate the complaints of the veto player i against

the players outside S that have just been allocated and the complaints of those players
against player i. Let Ai equal the set of players whose payoffs have been determined in

step t or earlier.
When all other players have been assigned payoffs in this way, the veto player i obtains

the rest. We now give a more formal description.
Algorithm 4.1 (Nucleolus for veto-rich games)

iiaput : a veto-rich game (N,v) with a veto player i
output : an allocation x (the nucleolus of the game)
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0. Start with the stage t- 0. Define the set of people whose payoff is alloca,ted in
stage 0 :

,40 -{j E N ~ 3S C N~{j} : v(S) ~ v(N)}.

Put qo - 0 and allocate x~ - qo - 0 for all j E Ao.

1. While there is a player that i s not the veto player i and whose payoff has not been
allocated, do steps li to liv

i) Putt:-t~-1.

ii) Given the set Ai-~ of players whose payoffs have been allocated before stage t,
call a coalition S admissible at stage t if S contains the veto player i and there
remain players in N`S to be allocated. For all admissible coalitions S, define

v(N) - v(S) - x(At-, `S)
a~(s) :-

~Ai-i `SI f 1
. (4.1)

iii) Define the payoff obtained by players whose payoff is allocated at stage t

q~ :- min{qi(S) ~ S admissible at stage t},

the set of players who are not going to be allocated during this stage

S~ :- nargmin{qi(S) ~ S admissible at stage t}

and the set of players allocated at or before stage t

Ai :- Ai-i U Si - Ai-i U(Ai-~ `Se).

iv) Allocate x~ - qt for all j E At `A~-, - Ai-1 `St.

2. Allocate x; - v(N) - x(N `{i}) to veto player i.

3. Define x- x(N,v) as the vector with coordinates (x~)jEN.

In each stage (except maybe in stage 0), at least one player is allocated, so at the
latest after stage ~N~, each player has been allocated a payoff. Before we prove that the
algorithm yields the nucleolus, we need a lemma.

Lemma 4.2 If the algorithm allocated a payoff to player k before player j, then xk C x~.

Proof : Let (N, v) be a veto-rich game with veto player i. First, let us prove qi 1 q~-t

for all stages t~ 0. Let t- 1 and let S be a coalition. If v(S) ? v(N), then all players

outside S were allocated 0 in stage 0, so coalition S is not admissible at stage 1. So any
coalition S admissible at stage 1 satisfies v(S) G v(N), which implies

v(N) - v(S)
4i(S) - ~Aó `S~ f 1

~ 0.
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Hence
9i - min qi(S) 1 min 4i(S) 1 ~- 40.SEA, - S:v(S)-v(N)GO

Let t 1 1 and suppose there remain players to be allocated at stage t. Let S be an
ad~nissible coalition. Then at stage t - 1, coalition S was admissible too, but was not
used to determine q~-1, so

v(N) - v(S) - x(A,-~ `S)
9~-i c 4i-i(S) - IA~-2 `SI } 1 ~

hence

v(N) - v(S) - x(Aa-z `S) ~(~Ai-s `S~ f 1) ~ 9a-i
- (~Ai-i `S~ f ((Aa-i `Ai-z) `s~ -F- 1)' 9o-i.

Now zk - q~-I for k E(At-1 `Ar-z) `S, so transferring (~(Ai-1 `As-z) ` S~) ' 4e-i -
z((Ai-i `A~-2) ` S) to the left-hand side, we obtain

v(N) - v( S) - x(At-~ `S) - v(N) - v(s) - x(Ai-s `S) - x((A~-~ ` Ai-s) `S)

~ (IA~-~ `SI -~ 1)q~-~,
which implies that

v(N) - v(S) - z(A~-, `S)
4t(S) -

I Aé i `-S~ -F 1 ~ 9t-i.

Hence also q~ ~ q~-~, as qi is the minimum of qi(S) over all admissible coalitions S.
Fiually, we prove that veto player i has a larger payoff than the other players. If all

other players are allocated payoffs at stage 0, then they all get the same payoff zero,

which is not more than i's payoff. If not all other players are allocated zero, then in the

stage t where the payoff of the last player j other than i is allocated, coalition {i} is

adinissible. Then

xi - 9~ G 4i({i}) -
v(N) - v({i}) - z(As-i) ~ y(N) -~x(A~-t)

~Ai-i `{i}~ f 1 - IAt-i~

The last fraction is what the not yet allocated players would get if v(N) -x(Ai-i) were
divided equally. They are getting less from the algorithm, so player i must get more

from the algorithm, hence x; 1 z~. By the first part of this proof, j gets as least as much

as the other players ( except i), so i gets more than any other player. Together with the

first part of the proof, this proves the lemma. ~

Theorem 4.3 Tlie allocation z defined in the algorithm is the nucleolus.

Proof : This theorem can be proved directly using Kohlberg's (1971) characterization

of the nucleolus, but we prove the theorem by proving that the allocation is the unique

keruel element. Let i be a veto player of the game (N, v) and apply the algorithm to

(N,v), with i as the special veto player.
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First, the algorithm allocates a zero payoff to any player j such that there exists a
coalition S that does not contain player j and that satisfies v(S) ~ v(N). So the set of
players Aa that are allocated a payoff of zero in the first stage of the algorithm, coincides
with the set of people Do whose payoff is determined to be zero in the first step of
theorem 3.7.

Suppose that up to stage t-1, exactly those players have been allocated whose payoffs
are determined in theorem 3.7 and that these players have exactly been allocated their
kernel payoffs. Then a coalition is admissible in stage t of the algorithm if and only if it
is admissible in the same stage of theorem 3.7.

Because A~-1 - Di-~, equation 3.5 implies that pi - qi(S) - qi for all coalitions
S E Mi. It remains to bc provcd that if T is admissible at stage t and E(T, v) G-p~ -
max{E(U,v) ~ U admissible at stage t}, then qt(T) ~ pi. For this, take a coalition T
admissible at stage t such that E(T, v) G-pi. Rewriting the excess of T, we obtain
-p~ 1 v(T)-v(N) fx(At-, `T)~-x(Ai-, ` T). By lemma 4.2, we know that any players j
that have not yet been allocated will be allocated payoffs that are larger than or equal

to qi - p~ by the algorithm. Hence -p~ 1 v(T) - v(N) f x(At-1 `T) f pt . ~A~-, `T~,
which implies

v(T) - v(N) f x(A~-, `T) -
Pt G

~Ai-i `T~ t 1
- 4i(T).

So q~(T) attains its minimum qi - pt only at those admissible coalitions that have
minimal excess amongst the admissible coalitions. But then exactly those players whose
payoffs were determined in this stage in theorem 3.7 will be allocated in this stage of the
algorithm and furthermore, they are allocated their kernel payoff p~, which is positive.

So the players other than the veto player i are allocated their kernel payoffs. And in
step 2, player i is allocated the remainder, which is exactly player i's kernel payoff. ~

Note that if there are more than one veto players in a game, the veto players that are
not singled out by the algorithm get the same payoff as the veto player i that is singled

out, so tlieir payoff is allocated in the last iteration of step 1: any players allocated
at a later iteration would have to get strictly more by the proof of lemma 4.2, which is
impossible by lennna 3.1.

5 Other solutions of veto-rich games

We now turn our attention to other solution concepts.
Proposition 5.1 For a veto-rich game (N,v), the following are equivalent :

1. Core(v) ~ 0

2. v is N-monotonic, i.e. v(S) G v(N) for all S C N.

Proof : As v({i}) ~ 0 for all players i E N, it is clear that `v(S) G v(N) for all
coalitions S' is a necessary condition for the game to have a non-empty core. That it is
also sufficient is shown by the next allocation x: let i be a veto playet, let x~ - 0 for
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j ~ i and let x; - v(N). Then x(S) - v(N) ~ v(S) if i E S and x(S) - 0- v(S) if
i~ S. Hence x E Core(v). o

Furthermore, if the core of a veto-rich game is not empty, it coincides with the bargaining
set JV1~({N}), as defined in Aumann and Maschler (1964). This is a result credited to
Maschler in Potters, Muto, and Tijs (1990).

Note that our aigorïthm computes the nucleolus of a veto-rich game even if the core
of the game is empty. When the core of a game is non-empty, it is known that the
nucleolus coincides with the prenucleolus. It would seem that a slight modification of
our algorithm could yield the prenucleolus of a non-balanced game, but the obvious
modification of eliminating step 0 of the algorithm does not yield the prenucleolus.

Furthennore, for general veto-rich games, the nucleolus does not have to coincide with
the r-value, nor with the Shapley value. This can be seen in the following games.

Example 5.2 Let N-{0,1}, let v({0}) - 10, v({1}) - 0 and v({0,1}) - 5. Here
v(N, v) - (5, 0), the Shapley value is ~(N, v) - (7.5, -2.5) and the r-value does not
even exist, because the game is not quasi-balanced.

Even if we restrict ourselves to quasi-balanced games the r-value and nucleolus do not
coincide.

Example 5.3 Let N-{0, 1, 2}, let v({0}) - 1, v({0, 1}) - 2- v({0,2}), v({0, 1, 2}) -
6 and let the values of the other coalitions equal zero. Then v(N, v) -(8, 5, 5)~3,
r(N, v) -(38, 20, 20)~13 and ~(N, v) -(3, 1.5, 1.5).

Muto, Nakayama, Potters, and Tijs (1988) proved that on the subclass of Big Boss
games, the nucleolus coincides with the r-value and moreover that if the game is a convex
Big Boss game, then the Shapley value coincides with the nucleolus as well.

Sprutnont (1990) introduced population monotonic allocation schemes (PMAS). A
PMAS of a game (N, v) is a collection x-{x~s ~ j E S C N} that satisfies the following
two conditions

~ xs(S) :- ~;ES x;s - v(S) for all S C N.

~ x;sCx;rif j ESCT.

A game (N, v) is called totally balanced if all its subgames (S, vs)scN have core elements.
Here the subgame ( S,vs) is defined by vs(T) - v(T) for all T C S. Sprumont (1990)
proves that a TU-game (N,v) that has a PMAS x is totally balanced. For example,
xs -(x~s)tes is a core element of the subgame ( S, vs) for every coalition S.

For a veto-rich game ( N, v) total balancedness is equivalent to monotonicity, i.e.
v(T) C v(S) if T C S. Moreover, a monotonic veto-rich game has a PMAS : choose a
veto player i and assign x;s - v(S) if S contains i and x;s - 0 for all other players j

and all coalitions S containing j. So we have the following theorem.

Theorern 5.4 The following are equivalent for a veto-rich game (N,v) :

~ (N, v) has a PMAS.

~ (N, v) is totally balanced.
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~ (N, v) is monotonic.

The (extended) nucleolus of a game (N, v) is a PMAS if the set {v~s ~ j E S C N}
fonns a PMAS, where v~s - v~(S, vs) is the coordinate of player j in the nucleolus of the
subgame (S, vs). The next example shows that there exist veto-rich games which have
a PMAS, in which the extended nucieoius is not a PMAS.

Example 5.5 Consider the game ({0,1,2},v), defined by v({0,1}) - v({0,2}) -
v(N) - 2, and v(S) - 0 for all other coalitions S. This game is monotonic, so it
has a PMAS, but the extended nucleolus is not a PMAS, because it violates the second
condition for a PMAS : v{o,i} -(1, 1, -), v{o,s} -(1, -,1), while vN -(2, 0, 0).

Two solutions that are related to the nucleolus and the kernel are the per capita
nucleolus and the per capita kernel. They are based on the per capita excesses of coali-
tions instead of the usual excesses. The per capita excess of a coalition is defined as the
quotient of the excess of the coalition and the number of elements of the coalition. It
can be shown along similar lines as the proof of theorem 3.7 that the per capita kernel
of a veto-rich game contains only the per capita nucleolus. In the per capita kernel, the
coalition used by a player j to complain against a veto player is the coalition consisting of
j and all players that have a smaller payoff than j. Up to now, no algorithm generating
the per capita nucleolus has been found.
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Reynierse, and Oscar Volij for helpful comments.

References

Arin J(1992) A study of Information Markets in a game theoretic framework, document
(in Spanish) of the Instututo de Economia Publica, Basque University at Lejona,
Spain.

Aumann RJ and Maschler M(1964) The bargaining set for cooperative games, in : M
Dresher, LS Shapley, and AW Tucker, eds., Advances in game theory, Princeton
University Press, Princeton, pp. 443-476.

Chetty VK, Dasgupta D, and Raghavan TES (1970) Power distribution of profits,
Discussion Paper 139, Indian Statistical Institute, Delhi Campus.

Davis M and Maschler M(1965) The kernel of a cooperative game, Naval Research
Logistics Quart. 12 : 223-259.

Derks J and Kuipers J(1992) On the core and nucleolus of Routing games, Report M
92-07, Llniversity of Limburg, The Netherlands.

Graham M, Marshall RC, and Richard JF (1990) Differential payments within a bidder
coalition and the Shapley value, Amer. Econ. Review 80 : 493-510.



14

(.;ranot D and Huberman G(1984) On the core and nucleolus of Minimum Cost Span-
uing Tree games, Mathematical programmivag 29 : 323-347.

Grauot D, Maschler M, Owen G, and Zhu W R(1994) The kernel~nucleolus of a standard
tree game, Research naemorandum, the Hebrew University of Jeruzalem.

Huberman G(1980) The nucleolus and the essential coalitions, in : Analysis and op-
tirnization of systenas, Proceedings of the Fourth International Conference, Ver-
sailles, 1980, Lecture notes in Control and Information Sciences 28, Springer,
Berlin, pp. 416-422.

Kohlberg E(1971) On the nucleolus of a characteristic function gatne, .SIAM J. Appl.
Mnth. 20 : fil-66.

Kohlbnrg E(1972) The nucleolus as solution of a minimizatiou problem, .SIAM J. Appl.
Math. 23 : :34-:39.

Kopelowitz A(1967) Computation of the ke.rnels of simple games and the nucleolus of
ta-person gatnes, Research Memoraradum 31, Research Program in Game Theory
and Mathematical Economics, The Hebrew University of Jerusalem.

Maschler M(1992) The bargaining set, kernel, and nucleolus, in : R.l Aumann and S
Hart, eds., Handbook of game theory with economic applications 1, Handbooks in
ecouomics 11, Elsevier Science Publishers, Amsterdam, pp. 591-667.

Maschler, Peleg, and Shapley (1979) Geometric properties of the kernel, nucleolus, and
related solution concepts, Mathematics of Operatioris Research 4: 303-338.

Muto S, Nakayama M, Potters J, and Tijs S(1988) On Big Boss games, The Economic
,Studies Quarterly 39 : :303-321.

Muto S, Potters .1, and Tijs S(1989) Infonnation Market games, Intern. J. of Game
Th. 18 : '209-226.

Neumann J von and Morgenstern O(1944) Theory of games and economic behavior,
Princeton University Press, Princeton.

Owen C~ (1974) A note on the nucleolus, Interta. J. of Came Th. 3: 101-103.

Potters .1, Muto S, and Tijs S(1990) Bargaining set and kernel for Big Boss games,
Mcthods of Opcratiotes Rcsearrh 60 ::3'19-:3:35.

Potters .1, Poos R, Tijs S, and Muto S(1989) Clan games, Games and Economic Bc-
hanior 1 : `275-'19:3.

Sattkaran .1K (1991) On finding the nucleolus of an n-person cooperative game, ~ntern.
J. of Camc Th. 19 : 329-338.

Shapley LS and Shubik M(1967) Ownership and the production function, Quarterly J.
of Econ. 81 : 88-111.



15

Schmeidler D(1969 ) The nucleolus of a characteristic function game, SIAM J. of Applied
Maihematics 17 : 1163-1170.

Schotter A(1974) Auctioning Bóhm-Bawerk's horses, lntern. J. of Game Th. 3: 195-
215.

Sorenson J, Tschirhart J, and Whinston A(1978) A theory of pricing under decreasing
costs, Amer. Econ. Review 68 : 614-624.

Solytnosi T and Raghavan TES (1994) An algorithm for finding the nucleolus of assign-
ment games, to appear in Intern. J. of Came Th.

Sprumont Y(1990) Populat.ion monotonic allocation schemes for cooperative games
with transferable utility, Cames and Econ. Behavior 2: 378-394.



Discussion Paper Series, CentER, Tilburg University, The Netherlands:

(For previous papers please consult previous discussion papers.)

No. Autbor(s)

9330 H. Huizinga

9331 H. Huizinga

9332 V. Feltkamp, A. Koster,
A. van den Nouweland,
P. Borm and S. Tijs

9333 B. Lauterbach and
U. Ben-Zion

9334 B. Melenberg and
A. van Scest

9335 A.L. Bovenberg and
F. van der Ploeg

9336 E. Schaling

9337 G.-J.Otten

9338 M. Gradstein

9339 W. Giith and H. Kliemt

9340 T.C. To

9341 A. Demirgup-Kunt and
H. Huizinga

9342 G.J. Almekinders

9343 E.R. van Dam and
W.H. Haemers

9344 H. Cazlsson and
S. Dasgupta

9345 F. van der Ploeg and
A.L. Bovenberg

9346 J.P.C. Blanc and
R.D. van der Mei

9347 J.P.C. Blanc

Title

The Welfare Effects of Individual Retirement Accounts

Time Preference and Intemational Tax Competition

Linear Production with Transport of Products, Resources and
Technology

Panic Behavior and the Performance of Circuit Breakers:
Empirical Evídence

Semi-parametric Estimation of the Sample Selection Model

Green Policies and Public Finance in a Small Open Economy

On the Economic Independence of the Central Bank and the
Persistence of Inflation

Characterizations of a Game Theoretical Cost Allocation
Method

Provision of Public Goods With Incomplete Information:
Decentralization vs. Central Planning

Competition or Co-operation

Export Subsidies and Oligopoly with Switching Costs

Barriers to Portfolio Investments in Emerging Stock Markets

Theories on the Scope for Foreign Exchange Market Intervention

Eigenvalues and the Diameter of Graphs

Noise-Proof Equilibria in Signaling Games

Environmental Policy, Public Goods and the Marginal Cost
of Public Funds

The Power-series Algorithm Applied to Polling Systems with
a Dortnant Server

Performance Analysis and Optimiistion with the Power-
series Algorithm



No. Author(s)

9348 R.M.W.J. Beetsma and
F. van der Plceg

9349 A. Simonovits

9350 R.C. Douven and
J.C. Engwerda

9351 F. Vella and
M. Verbeek

9352 C. Meghir and
G. Weber

9353 V. Feltkamp

9354 R.J. de Groof and
M.A. van Tuijl

9355 Z. Yang

9356 E. van Damme and
S. Hurkens

9357 W. Giith and B. Peleg

9358 V. Bhaskar

9359 F. Vella and M. Verbeek

9360 W.B. van den Hout and
J.P.C. Blanc

9361 R. Heuts and
J. de Klein

9362 K: E. Wazneryd

9363 P.J.-J. Herings

9364 P.J.-J. Herings

9365 F. van der Plceg and
A. L. Bovenberg

9366 M. Pradhan

Title

Intramarginal Interventions, Bands and the Pattern of EMS
Exchange Rate Distributions

Intercohort Heterogeneity and Optimal Social Insurance Systems

Is There Room for Convergence in the E.C.?

Estimating and Interpreting Models with Endogenous
Treatment Effects: The Relationship Between Competing
Estimators of the Union Impact on Wages

Intertemporal Non-separability or Borrowing Restrictions? A
Disaggregate Analysis Using the US CEX Panel

Altemative Axiomatic Characterizations of the Shapley and
Banzhaf Values

Aspects of Goods Market Integration. A Two-Country-Two
-Sector Analysis

A Simplicial Algorithm for Computing Robust Stationary Points
of a Continuous Function on the Unit Simplex

Commitment Robust Equilibria and Endogenous Timing

On Ring Formation In Auctions

Neutral Stability In Asymmetric Evolutionary Games

Estimating and Testing Simultaneous Equation Panel Data
Models with Censored Endogenous Variables

The Power-Series Algorithm Extended to the BMAP~PHIl Queue

An (s,q) Inventory Model with Stochastic and [nterrelated Lead
Times

A Closer Look at Economic Psychology

On the Connectedness of the Set of Constrained Equilibria

A Note on "Macroeconomic Policy in a Two-Party System as a
Repeated Game"

Direct Crowding Out, Optimal Taxation and Pollution Abatement

Sector Participation in Labour Supply Models: Preferences or
Rationing?



No. Author(s)

9367 H.G. Bloemen and
A. Kapteyn

9368 M.R. Baye, D. Kovenock
and C.G. de Vries

9369 T. van de Klundert and
S. Smulders

9370 G. van der Laan and
D. Talman

9371 S. Muto

9372 S. Muto

9373 S. Smulders and
R. Gradus

9374 C. Fernandez,
J. Osiewalski and
M.F.J. Steel

9375 E. van Damme

9376 P.M. Kort

9377 A. L. Bovenberg
and F. van der Ploeg

9378 F. Thuijsman, B. Peleg,
M. Amitai 8c A. Shmida

9379 A. Lejour and H. Verbon

9380 C. Femandez,
J. Osiewalski and
M. Steel

9381 F. de Jong

9401 J.P.C. Kleijnen and
R.Y. Rubinstein

9402 F.C. Drost and
B.].M. Werker

9403 A. Kapteyn

Title

The Estimation of Utility Consistent Labor Supply Models by
Means of Simulated Scores

The Solution to the Tullock Rent-Seeking Game When R~ 2:
Mixed-Strategy Equilibria and Mean Dissipation Rates

The Welfare Consequences of Different Regimes of Oligopolistic
Competiticn ia a Growing Ecanomy with Firm-Specific
Knowledge

Intersection Theorems on the Simplotope

Altemating-Move Preplays and vN - M Stable Sets in Two
Person Strategic Form Games

Voters' Power in Indirect Voting Systems with Political Parties:
the Square Root Effect

Pollution Abatement and Long-term Growth

Marginal Equivalence in v-Spherical Models

Evolutionary Game Theory

Pollution Control and the Dynamics of the Firm: the Effects of
Market Based Instruments on Optimal Firm Investments

Optimal Taxation, Public Goods and Environmental Policy with
Involuntary Unemployment

Automata, Matching and Foraging Behavior of Bees

Capital Mobility and Social Insurance in an Integrated Market

The Continuous Multivariate Location-Scale Model Revisited: A
Tale of Robustness

Specification; Solution and Estimation ofa Discrete Time Target
Zone Model of EMS Exchange Rates

Monte Carlo Sampling and Variance Reduction Techniques

Closing the Garch Gap: Continuous Time Garch Modeling

The Measurement of Household Cost Functions: Revealed
Preference Versus Subjective Measures



No. Author(s)

9404 H.G. Blcemen

9405 P.W.J. De Bijl

9406 A. De Waegenaere

9407 A. van den Nouweland,
P. Borm,
W. van Golstein Brouwers,
R. Groot Bruinderink,
and S. Tijs

9408 A.L. Bovenberg and
F. van der Ploeg

9409 P. Smit

9410 J. Eichberger and
D. Kelsey

9411 N. Dagan, R. Serrano
and O. Volij

9412 H. Bester and
E. Petrakis

9413 G. Koop, J. Osiewalski
and M.F.J. Steel

9414 C. Kilby

9415 H. Bester

9416 J.J.G. Lemmen and
S.C.W. Eijffinger

9417 J. de la Horra and
C. Femandez

9418 D. Talman and Z. Yang

9419 H.J. Bierens

9420 G. van der Laan,
D. Talman and Z. Yang

9421 R. van den Brink and
R.P. Gilles

9422 A. van Scest

TiUe

Job Search, Search Intensity and Labour Market Transitions: An
Empirical Exercise

Moral Hazard and Noisy Information Disclosure

Redistribution of Rísk Through Incomplete Markets with Trading
Constraints

A Game Theoretic Approach to Problems in Telécommunication

Consequences of Environmental Tax Reform for Involuntary
Unemployment and Welfare

Arnoldi Type Methods for Eigenvalue Calculation: Theory and
Experiments

Non-additive Beliefs and Game Theory

A Non-cooperative View of Consistent Bankruptcy Rules

Coupons and Oligopolistic Price Discrimination

Bayesian Efficiency Analysis with a Flexible Form: The AIM
Cost Function

World Bank-Borrower Relations and Project Supervision

A Bargaining Model of Financial Intertnediation

The Price Approach to Financial Integration: Decomposing
European Money Market Interest Rate Differentials

Sensitivityto Prior Independence via Farlie-Gumbel-Morgenstem
Model

A Simplicial Algorithm for Computing Proper Nash Equilibria
of Finite Games

Nonparametric Cointegration Tests

Intersection Theorems on Polytopes

Ranking the Nodes in Directed and Weighted Directed Graphs

Youth Minimum Wage Rates: The Dutch Experience



No. Author(s) Title

9423 N. Dagan and O. Volij

9424 R. van den Brink and
P. Bortn

9425 P.H.M. Ruys and
R.P. Gilles

9426 T. Callan and
A. van Soest

9427 R.M.W.J. Beetsma
and F. van der Ploeg

9428 J.P.C. Kleijnen and
W. van Grcenendaal

9429 M. Pradhan and
A. van Scest

9430

9431

P.J.]. Herings

H.A. Keuzenkamp and
J.R. Magnus

9432

9433

C. Dang, D. Talman and
Z. Wang

R. van den Brink

9434 C. Veld

9435 V. Feltkamp, S. Tijs and
S. Muto

9436 G.-J. Otten, P. Borm,
B. Peleg and S. Tijs

9437 S. Hurkens

9438 J.-1. Herings, D. Talman,
and Z. Yang

Bilateral Comparisons and Consistent Fair Division Rules in the
Context of Bankruptcy Problems

Digraph Competitions and Cooperative Games

The Interdependence between Pmduction and Allocation

Family Labour Supply and Taxes in Ireland

Macroeconomic Stabilisation and Intervention Policy under an
Exchange Rate Band

Two-stage versus Sequential Sample-size Determination in
Regression Analysis of Simulation Experiments

Household Labour Supply in Urban Areas of a Developing
Country

Endogenously Determined Price Rigidities

On Tests and Significance in Econometrics

A Homotopy Approach to the Computation of Economic
Equilibria on the Unit Simplex

An Axiomatization of the Disjunctive Pertnission Value for
Games with a Permission Structure

Warrant Pricing: A Review of Empirical Research

Bird's Tree Allocations Revisited

The MC-value for Monotonic NTU-Games

Leaming by Forgetful Players: From Primitive Formations to
Persistent Retracts

The Computation of a Continuum of Constrained Equilibria

9439 E. Schaling and D. Smyth The Effects of Inflation on Growth and Fluctuations in Dynamic
Macroeconomic Models

9440 J. Arin and V. Feltkamp The Nucleolus and Kernel of Veto-rich Transferable Utility
Games



P.O. BOX 90153, 5000 LE TILBURG, THE NETHERLANDS
Bibliotheek K. U. Brabant~i ~ ~ ~~~~~ N ~ ~~ ~ r~umu


	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9
	page 10
	page 11
	page 12
	page 13
	page 14
	page 15
	page 16
	page 17
	page 18
	page 19
	page 20
	page 21
	page 22
	page 23
	page 24

