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Abstract. In this paper the notion of random n-persons game is defined. The most important
problem of such games is the existence of Random Nash Equilibrium (RNE) which is defined in
section 4. Since not every random game has RNE, we will consider here a subclass of random games
called admissible random games. Finally, using a generalized version of Kakutani’s theorem it is
proved that for any admissible random game there exists a RNE.
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1. INTRODUCTION

The game theory is a wide part of the whole mathematics and it interacts with
all main currents. Certainly, J.Nash and his game equilibrium concept had a strong
impact on game theory development [13]. This concept had much progress over the
years and was modified in many ways f.e. see [2], [8], [11], [12].

As it is well known, equilibrium is a fixed point of a smart defined mapping (mul-
tivalued mapping). That is why, fixed point theorems are widely used in searching
for the equilibria (compare f.e. [6]).

In our paper we are focused on n-person random games which are strongly linked
with topology and fixed point theory. We improve the Nash Equilibrium by adding
some randomness implemented by the random space 2. We prove that a subclass
of games have a Random Nash Equilibrium; however it does not have to be true
generally.

The notion of Random Nash Equilibrium was considered in [3] and [16] but this
equilibrium has nothing in common with that considered in this paper. Moreover, sto-
chastic games are connected with randomness; however, these problems are different
then studied in our paper, see [9],[14].

To the best of author’s knowledge, there were not considered any similar games
with Random Nash equilibrium.
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2. TOPOLOGICAL BACKGROUND

If it is not indicated otherwise, we assume that all spaces are compact metric spaces
and all single-valued mappings are continuous. We would like to recall some needful
definitions.

Definition 2.1. A space X is called contractible, if it is homotopically equivalent to
the one-point space {p}; i.e. the following conditions are satisfied:

for the function f : X — {p} and some function g : {p} = X

e go f ~idy,
o fogr~idyy,
where f ~ g, if there exists the homotopy linking f and g.
Definition 2.2. We shall say X is an absolute retract space, provided for any space
Y and for any embedding i : X — Y, a set h(X) is a retract of Y. We shall write
X e AR.
Note that every AR-space is contractible. The converse theorem is not true; for
example we propose the comb space (see [5]).
The following two facts are evident(see [5],[7]): the finite Cartesian product of
contractible sets (AR-sets) is a contractible set (AR-set respectively).
We shall consider the notion of multivalued (set-valued) mappings.
Definition 2.3. Let X and Y be two spaces. We say that ¢ is the multivalued
mapping (sign. ¢ : X — Y), if for every = € X, the set p(z) is a non-empty, compact
subset of Y. With any multivalued mapping ¢, we associate the graph I', C X x Y
which fulfils: (z,y) € T'y, if and only if y € p(x).
In order to avoid misunderstandings we recall the definition of upper semicontinous
mapping:
Definition 2.4. A multivalued mapping ¢ : X — Y is called upper semicontinous,
if for every open subset U C Y, the set

e N U)={z €X; p(x) CU}

is an open subset of X (sign. usc.).
Notice that a multivalued mapping ¢ : X — Y is usc. if and only if the graph I',
of ¢ is a closed subset of X x Y; however, it is not true for arbitrary metric spaces.
We define:
Definition 2.5. We shall say an usc. mapping ¢ : X — Y has contractible values, if
for every point = € X the set ¢(x) is contractible.
Proposition 2.6. Let X = X3 X ... x X, and assume that ¢; : X — X; is usc. for
i€{1,...,n}. Then the mapping ¢ : X — X defined by:

o) == p1(x) X ... X pp(x)

18 USc.

If p;, i+ = 1,...,n are mappings with contractible values, then ¢ has also con-
tractible values. In further considerations we will need the following generalization of
a Kakutani theorem:
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Theorem 2.7. (Kakutani) [7][10] If X € AR and ¢ : X — X is an usc. with
contractible values, then ¢ has a fixed point, i.e. there exists x € X, such that x €
o(x).

For more details, see [5] or [7].

3. RANDOM OPERATORS

In further considerations we will assume that: X and Y are two compact spaces,
Q is a measurable space and ¢, :  x X — Y are two multivalued mappings (these
assumptions are analogous to section 2).

We are able to recall basic definitions connected with random operators:
Definition 3.1. A mapping ¢ is called a random operator provided ¢ is product
measurable, i.e. for any open subset U C Y, the set

¢ 1(U) = {(w, ) € 0,X; F(w,z) C U}

is a measurable subset of  x X (in X we consider o-field of Borel’s sets). Where a
mapping ¢ is called a random usc. operator if ¢ is a random operator and p(w, -) is
usc. for almost all parameters w € ().

Proposition 3.2. Let us assume that ¢ : Q x X —o Z and ¢ : 2 x X — Y are usc.,
random mappings. By product of two random mappings we understand a mapping
F:QxX—oYxZ given by F(w,z) = p(w,z) X ¢(w,z). We claim the mapping F
is an usc. random mapping.

Proposition 3.2 is a consequence of the properties of a counterimage of multivalued
mappings and the definition of measurability (compare [7][19.3 and 14.8] for random-
ness and continuity respectively).

Definition 3.3. A measurable function ¢ : @ — X is called a random fixed point of
1 Q x X —o X if for almost all w € Q, we have {(w) € P(w, ((w)).

Theorem 3.4. [1] Let ¢ : Q@ x X — X be a random mapping. If for almost all w € 2
the mapping p(w,-) has a fized point, then there exists a random fized point of .

Note that for an arbitrary metric space the above theorem is an open problem
(comp. [1]).

The following theorem is indispensable to prove the existence of a random Nash
equilibrium:

Theorem 3.5. [7] If a space X € AR and ¢ : Q x X —o X is random mapping with
contractible values, then ¢ has the random fixed point.

Since X is an AR-space by Theorem 2.7 we obtain that p(w, ) : X — X has a fixed
point. Hence Theorem 3.5 follows from Theorem 3.4 immediately.

For more details concerning random operators see [1].

4. RANDOM GAMES

This section contains the definition of random Nash equilibrium, which is non-
trivial property in class of random n-person game. Moreover, we proof that any
admissible games has got Random Nash Equilibrium. Note that similar games were
considered in [15]; however, the concept of random games was an improvement of
games considered in [4].



222 OSKAR GORNIEWICZ

We shall assume that Xj,...,X,, are compact AR-spaces and a space (€, pu) is
measure space with p as a measure. Moreover, we assume that for every i € {1,...,n}
F;,G; : 2 x X — X; are random multivalued mappings (we allow one exception, the
mapping G; may have empty values).

We put X =X, x...X,. It is well known (see[5]), that X is an AR-space as well.
Definition 4.1. By the random n-players game we understand the set:

K= {vav {Fi}zn:lv {Gz}?:l}

The random game is containing: the parameter space 2 - randomness of the game,
the strategy space X, the restriction of the strategy sets and the forbidden strategies
sets, for any player i, are given by F; and G; respectively. The mappings F;, G;
are dependent on random parameter w € €2 and strategy x € X. Then mappings
F;,G; : Q x X —o X, describe some subsets of X for any w and = we allow that
G;(w,z) can be an empty set. However, we demand that mapping F' fulfills:

x; € Fy(x) for every x = (x1,...,24,...,2,) € X

We interpret the game as follows: players are building 'some’ algorithm dependent
on random parameter w, which is randomized as the game starts. So the strategy set
is given by measurable function ¢ : 2 — X. For any w € ) we shall write

g(w) = (§1(w), e 7§ﬂ(w))>
where ¢; is an i-th coordinate function associated with <.
Definition 4.2. (Random Nash Equilibrium) A measurable function ¢ : Q — X is
called the Random Nash Equilibrium of the game « if following conditions are satisfied
(sign. RNE):

4.2.1 ¢(w) € Fi(w,((w)) for almost all w € Q and i € {1,...,n}

4.2.2 Fi(w,s(w)) N Gi(w,s(w)) =0 for almost allw € Q and i € {1,...,n}

Let us make an agreement for simplify notation: let x € X, y; € X;, then (x_;,y;) :=
(.’ﬂl, ey Li—1,Yiy Lit1y - - - ,ZL’n).

The existence of Random Nash Equilibrium for given random game is most impor-
tant question. It is easy to observe there are random games for which RNE do not
exists (it is enough to construct the game in which F;(w,s(w)) N Gi(w,s(w)) # B).
That is why the assumption of game admissibility looks reasonable:

Admissible games
Let f; : O x X —» R4 = [0,+00) for every i = {1,...,n}. We say that f; is payoff
function if only it fulfills:

a. Let x € X/ for every y; € G;(z) C X;, for almost all w € 2, we have
filw, (x—i,y:i)) > fi(w, ).

b. Let i € {1,...,n}, we put H; : Q x X —o X;, such that

Hi(W,'JJ) = {yz € Xz | for all zi € Fi(wax)’ fi(w7 (x—iayi)) > fi(wa (:17—2721))}

and we shall assume that H; is random usc. mapping with contractible values
for every i € {1,...,n}.
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Definition 4.4. Any game «, with payoff functions as above, we shall call admissible
game.

Finally we are able to prove the existence of RNE:
Theorem 4.5. Any admissible game x has a Random Nash Equilibrium.

Proof. Firstly, observe that if the game k is admissible, then the mapping H =
Hy x...x H,:QxX —oXisarandom usc. mapping with contractible-values so H
fulfils assumptions of Theorem 3.4.

By Theorem 3.4 we claim that there exists a random fixed point ¢ : © — X of
mapping H, i.e., ((w) € H(w,((w)) for almost all w € Q.

Then for every i € {1,...,n} and almost all w € , {;(w) € H;(w, ((w)) and

fi(‘% C(w)» > filw, (C(w)*i’ xi)’
for any z; € Fj(w,((w)) (compare condition b for payoff function).
To complete the proof it is enough to show that: G;(w,((w)) N Fj(w,((w)) = 0 for
almost all w € Q and i € {1,...,n}.
We assume to the contrary that:

i € Gi(w,((w)) N Fi(w,((w)),

for some w € Qand i € {1,...,n}.
Then by the first condition of payoff function, we get:

i, (C(w) =i, 9i)) > filw, ((w))-

However, from the following inequalities:

filw, C(w)) = fi(=, (((w)-i,yi)) > fi(w,((w)),
we obtain a contradiction, so G;(w, ((w)) N F;(w, ((w)) = 0.
Finally we checked that both conditions of RNE are fulfilled by ¢ so the mapping
¢ is a RNE of game k. O

5. CONCLUDING REMARKS

We owe several remarks to the reader:
Remark 5.1. In a deterministic game usually the strategy sets are assumed to be
compact convex (respectively multivalued mappings are usc. with compact convex
values). The reason for considering this kind of games is the original Ky Fan fixed
point theorem, proved in 1941 which was formulated for compact convex subsets of
the n-dimensional Euclidean space.
Remark 5.2. All results presented in section 4 remains true if we change strategy
sets to arbitrary separable absolute retracts and usc. mappings with compact values
to compact acyclic mappings (comp. [1],[7]).
Remark 5.3. Moreover, it is possible to consider arbitrary separable absolute neigh-
borhood retracts as the strategy sets, provided for almost all w € € the Lefschetz
number of the mapping H; : 2 x X — X; is different from zero for every i € {1,...,n}.
For proof compare [7].
Open problem 5.4. Is Theorem 3.5 true if strategy space is not separable metric
spaces ([7])?
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We will continue working on this theme in the near future.

REFERENCES

[1] J. Andres, L. Gérniewicz, Random topological degree and random differential inclusions, Topol.

2

3

Meth. Nonlinear Anal., 40(2013), no. 2., 337-358.

| E.J. Balder, On the existence of Cournot-Nash equilibrium in continuum games, J. Math. Econ-

omy, 32(1999), 207-223.

| 1. Barany, S. Vempala, A. Vetta, Nash equilibria in random games, Random Structures and

Algorithms, 31(2007), 391-405.

[4] B. Bogustawska-Kregiel, L. Gérniewicz, A. Kasprowicz, R. Skiba, Proba eliminacji wypuklosci

w problemach ekonomicznej rownowagi, Roczniki Naukowe WSB, 1(2007).

| K. Borsuk, Theory of Retracts, Polish Sci., 1967.
| I.L. Glicksberg, A further generalization of the Kakutani fized point theorem, with application

to Nash equilibrium points, Proc. Amer. Math. Soc., 3(1952), 170-174.

] L. Gérniewicz, Topological Fized Point Theory of Multivalued Mappings, Springer, 2006.
| A. Haurie, J. Krawczyk, G. Zaccour, Games and Dynamic Games, World Sci Pub. Co. Pte.

Ltd, 2012.

[9] A. Jakiewicz, A.S. Nowak, Stochastic games with unbounded payoffs: applications to robust

control in economics, Dyn Games Appl., 253(2011), no. 1, 253-279.

[10] S. Kakutani, A generalization of Brouwer’s fized point theorem, Duke Mathematical J., 8(1941),

457-459.

[11] E. Maskin, Nash Equilibrium and Welfare Optimality, Harvard University, 1998.
[12] R.B. Myerson, Refinements of the Nash equilibrium concept, Int. J. Game Theory, 73(1978),

no. 7, 73-80.

[13] J.F. Nash, Non-Cooperative Games, Annals of Mathematics, 54(1951), 286-295.
[14] A.S. Nowak, On stochastic games in economics, Math. Meth. Oper. Res., 66(2007), 513-530
[15] A. Wiszniewska-Matyszkiel, Belief distorted Nash equilibria: introduction of a new kind of

equilibrium in dynamic games with distorted information, Annals of Oper. Research, 243(2016),
147-177.

[16] N.C. Yannelis, A. Rustichini, Fquilibrium points of mon-cooperative random and Bayesian

games, In: Positive Operators, Riesz Spaces, and Economics. Studies in Economic Theory,
vol 2. Springer, Berlin, Heidelberg, 23-48.

Received: October 26, 2016; Accepted: November 28, 2016.



