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! This problem does not appear in two
person zero sum games because for this
type of games the equilibrium could
not be unique, but the equilibrium
strategies are interchangeable and the
cquilibrium payoff is unique.

There is also a vast bibliography on
refinements of the Nash Equilibrium.
Some refinements reduce the multi-
plicity of equilibrium.

Constructing g-cyclic games with unique prefixed equilibrium

1 Introduction

The concept of equilibrium introduced by Nash (1951) is considered a landmark in
non-cooperative game theory. The set of Nash equilibrium points is non-empty for any
finite game if mixed strategies are allowed (Nash (1951)).

However in general there is a multiplicity of equilibrium. It is an important problem
to decide which equilibrium is taken as a solution of the game. If the players cannot
communicate each player might choose an equilibrium strategy and the resulting play
might not be an equilibrium’. Even if they can communicate, it still remains a serious
problem because the utilities can be quite different from one equilibrium point to another.
This problem does not arise if the equilibrium is unique

Many studies have been done on uniqueness of Nash equilibrium points. On one
hand it was studied some sufficient conditions to guarantee uniqueness (Gale y Nikaido
(1965))2. it has been also studied under what conditions it is possible to construct games
with predetermined unique equilibrium predetermined. Constructions of games with
prefixed unique equilibrium have been done for bimatrix games by Raghavan (1970). He
proved that, if the equilibrium points of a game are completely mixed then the matrix
of each player is square and the equilibrium is unique. Millham (1972) proved that a
necessary and sufficient condition for the existence of a game with unique prefixed
equilibrium points is that the equilibrium be completely mixed. Kreps (1974) gave
uniqueness conditions when the equilibrium point is not completely mixed. Heuer
(1979), extended and complemented these results and obtained the uniqueness of the
equilibrium point within the class of mixed strategies whose non zero components
are the same for all the players. Quintas (1988 a) b)) extended this result constructing
a wide family of bimatrix games with unique equilibrium point. Marchi and Quintas
(1987) also studied games with prefixed values and unique equilibrium points. Quintas,
Marchi, Giunta and Alaniz (1991) extended this construction for other family of games
with unique equilibrium points.

In this work we extend the above mentioned constructions, presenting a wide family
of g-cyclic n-person games with unique equilibrium. We give some definitions and
basic results in Section 2. We built the payoft matrices of a family of n-person games in
Section 3 and we prove the uniqueness of Nash Equilibrium in Section 4. We extend
the constructions of games with unique equilibrium when it is non-completely mixed
in Section 5. We also include some concluding remarks in Section 6.

2 Definitions and Previous Results

Here we give some definitions, notations and review some results which will be
used in this paper.

Definition 2.1 (Marchi - Quintas (1983)). Let [ ={,,5,,...... 5, A, Ay A},
be a finite n-person g-cyclic game in normal form, were X, is the set of pure strategies
for player i. Let A, be the utility function of player i, with i=1,..n. The definition of
the function A, is given by: A (U,, ..... NP ,0, ): B, @,,Uq(,)) with ©; €X; were the
function q is that: q(i) # 1 and |q'1(i ) | = 1 were|.| stands for the cardinality of
respective set .

In this work we consider games where:, q(i) = i+1 mod. n, we take j = q(i) and
each player has m strategies, thus ‘2/\ =m, fori=1,....,n

Definition 2.2: A mixed strategy for player i is a probability distribution over the pure
strategies ¥ = {Gf’cé, ,,,,,,,,, o }.Thatis avector: x; = (x,-(a§ IR ACS W ,xf(u;n)): Q(;,x’z, ...... x;'n)

were x! is the probability of player I uses his strategies of € 5, with t=12,....m.
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S. A. Alaniz and L. G. Quintas 9

Definition 2.3: Let be i, the set of mixed strategies for the playeri.

i=n .
X = (X1, XpyennX,) )€ H 2.i is a n-tuple of mixed strategies for the n players and we
i=1

denote (X;,_(,-},x, )= (X;, ....... X, X X,-’”,....,X,*,)

Definition 2.4 (Marchi - Quintas (1983)). The expected utility function E, for cach
player i, in the g-cyclic game is defined as follows:

E, (X)= F; (X,-, Xqi) ) where F, is the expected utility function of B,.

I=1 t=1

We will indistinctly denote it by: F; Q, X; ): F, (e,, X; ), where e, is a m-tuple with
one in the place r and zero in the other places.

ifand only if E;(x) = E;(xn-g,x;) for each x, e ¥.; and for each i=1,... ,n.

We will use the following characterization on Nash Equilibrium

Definition 2.6: The set of all the pure strategies, that are best reply against
X = (X;, Xpyenn X,y ) E Hi, ,is defined as follows:
t=1

Jj(xq(i)) = {U,’, eZ, ; F,-(cf’r, xj)ZFI-(O;,xqm) for each a; €5, with t= 1,2,4.4.,m}
We will use the following characterization of equilibrium points:

=1

equilibrium, if and only if, S(,) gJ,qu) , for each i = 1,2,....., n. where
S(x,)=1d €5, :x.>0with s=1,2..,m }is the support of the mixed strategy X..

we say each player has all the strategics active.

t=n - ~
Definition 2.8: Let x :(X1,X2 ....... Xn)e [[Z be a Nash Equilibrium of I'. We say
L .
thatv, v,....., v , where v, = E(x"), i=12,...,n., are expected values associated to

3 Construction of the payoff matrices of the players

We will present a general form of n-person q-cyclic games with prefixed equilibrium
points on the mixed extension.

We will construct the payoft matrices A, with i=1,2,...,n for each player i, and we
will study under what conditions on the expected utility function E; there is a unique
equilibrium.

Let us consider an arbitrary point, X = (X;,X,......X, )€ H 2

. =1 .
It is (SO ,xn)=( X x,’n) ZXC . ,x,f,)’ ....... 6(,‘ XD e, ,x,”n)) with
> xi=1foreachi=12,..,n, x{ >0 foreach t=1,2,....,mand i=12,..

”Fiqus, |S(x,;)|=m fori=12,..n.
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Constructing g-cyclic games with unique prefixed equilibrium

We choose arbitrary non zero values v, with i=1,.......,n. They will be the expected
payofts of the game

The construction extends that presented for bimatrix games by Quintas (1988 a)).
It consists in giving conditions in order that the region of the simplex }’; limited for a:
predetermined vertex, the above prefixed point x and some points chosen on the faces
of the simplex, have a unique maximizing hyperplane.

Thus, we take into consideration the prefixed point x; = (X,’ Xy X )e 2 ;and the
simplex s vertexes e, having one in the place s and zero in the other places.

We choose s points having the following form:
- - - -j =J

0,x

The point X;is onaface of simplex > ;,and we obtain it by extending the segment

s=17 s+17

X, = (X Xy X
-s

between e and x,, until it reaches the opposite face to the corresponding vertex.

This is made in order to obtain a polyhedral partition of the simplex 2.j» having as
extreme points: the m vertices of simplex >, the m points X; and the prefixed point
X, . (Marchi and Quintas (1987) studied characterizations of these points on some n-
person games).

The geometric idea laying behind the construction of the payoff matrixes consists
in analyzing which is the “maximizing hyperplane” in each subset of the simplex
partition. We want to have a unique “maximizing hyperplane” in each region (see
next figure when ‘ Zj‘ =3)

X j

i
Vit+&€g3

-s
In order to obtain x; we use the following equation:
-8
e, + /\s(xj—es): X;
' )
As the s-th component of X; is zero, then we have: 14 A Q(é - 1): 0

J
-s Xi

Thus A® =7 ! 7 >0, and it follows that: X =11 _ xJ > 0 foreach {29
- X
s 0 for each t=s
-s J J J J J
Thus: xj= Xi 7 ij’ ...... , XS”/.,O, Xs”j, ...... , ij
1-x! 1-x! 1-x1 1-x 1-x}

. . 1 0.
As 1-x]=>"x/ wehave: x 7l x x4, 0,X

-s
R Lol
tzs zxf

txs
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For each vertex e € > and for eachxj € 2; , by definition 2.6 we obtain:
G Xj)= Za;'f,' x| = Al X,
I=1
where A is the r-th row of the matrix A, of playeri and X j is the transposed of x,
On the hyperplane F, (r, X; ) we require the following properties:
® Itshould take the value v, on X; = (X,j,xé, ...... X,{1 )6 Zj, . That is:

I=m
N A i ATt
F,(r,xj)fza,, x| =A] xj=v,
1=1

Namely.

-s I=m .
F,[r, x,j:Zal’; X/ =v, +¢

1=1
I#s

17 = .

I _ 1

Then y jzarl—v,+ s
_Xs I=1

I#s

Now we introduce a bijective function f, in order to complete the definition of player
1 payoff matrix.

fj,. _'Z/.—)Z,, fj,(s)zr such that Fi(r;xj):vi

(where ris the index of the corresponding maximizing hyperplane)

This implies that:
F,(I‘, S): a;ls > at"é = Fl.(t,s) foreach te i;

Thus, by definition 2.4 we have: F,(rks)= a;fs and by theorem 1 we obtain:
Ji(e,)= ‘b (s )} In this way in each vertex of ; there is a unique maximizing hyperplane
and f; distributes the different hyperplanes on the different vertices.

We also prescribe that each t, such as f () #r, the £ (t)-hyperplane, “passes underneath”
the £ (s)-hyiperplane at each point x; . Moreover we ask it takes the values v; + gl

Thus, for each r ;é];(t).

l=m  _s 1 l=m .
Ul — i\ _ i
Zar/X/—1 ,-Zarlxl =V +&
=1 R
I#s
>
l=m s 1 =m
if _ Ui J
ar sy X = 1_ 5 Zaf,.,(s)/xl
I=1 — X5 1=
I#s
Thus for r=1,2,...,m in the point x; = (xf,xé, ........ ,X,’,}) we prescribe that all the
hyperplanes take the same value v, Thisis, for r=1,2,..n,
Uyl —
Danx/ =v,
=1

And for each t such that fj‘(t) #1

1 S o ,

Uyl Tyl | — !

A1 >ak X/ |—alx] |=v, +¢
1=1

1-x]

1

R. Bras. Eco. de Emp. 2010; 10(1): 7-18



12 Constructing g-cyclic games with unique prefixed equilibrium

Then, we have the following system:

I=m
Zauxl —

y vt --(f)i q

[(Za”xj ”x{}:v,+s,"
1-x] |\

Solving it, we have:

i+ij (1 x) for fi(s)=r

Remark 1:

" As 0 < x! <1 the coefficients are well defined.

* Asf(s) =r then & >v,.

® As f(s) # r; then al <v;.

These two inequalities agree with the geometric idea leading the whole
construction.

= The payoft matrix A is non singular, its determinant is:
s=m n-1
. . V.,
AL S,
s=1 .

And as 8; are arbitrary positives numbers, 2(1 - X; ) £'s > 0. Furthermore, v, is
not null, then det(4, )= 0. s

4 Existence and Uniqueness of Nash Equilibrium

i=n ~ .
We check here that the point X = (1, %p,eeex, Je [ | 20, with x/ > 0 fors=1,..,m, is
i=1

a Nash Equilibrium. It is so, because it fulfills the inclusions given, in Theorem 1

As all the hyperplanes of player i take the same value v, in the point x; , and taking

into account that Za x! =v,;then J,(x,)={,2.......n}= S(x,).
1=

Thus, the construction presented in the previous section guarantees the existence
of a completely mixed Nash Equilibrium (x, x,,......., x ) fora g- cyclic game I" with
payoff matrix A for player i.

Theorem 2: Given

1,1 1 2 2 2
(X1,X2, -------- vxn):( 19 Xgsuneene rxm)r 19 Xgyeneens er) -------------- .(Xf,XS, -------- ’Xr"n))

=m

with ZX; =1 for each i=12,...,n with x! >0 for each t=1,2,....,m and for each
. = . .

i=1,2,....,n; and values nonzero v,, v,,...,v,. And given the functions f,:5, 55
with j=i+1 mod.n and positives numbers E; withi=1, 2, ,....n.

There exists a g-cyclic game I' having (X, X,,......., X,) as a completely mixed Nash

Equilibrium with payoft values v, v,,...,v

n

R. Bras. Eco. de Emp. 2010; 10(1): 7-18



S. A. Alaniz and L. G. Quintas

We will prove that the family of games we constructed in the previous section has
(1, X3......x)e [ [ £¢ as unique Nash Equilibrium.

Given the[:i)ayoff matrices A, A,,.......,A_ for the corresponding players, we choose
functions f;and fulfilling that for cach ¢, r")e 55

If ®of,(r)=r" then @of,(r'")=r (1)

with @ %; — % resulting of the compositions of functions of the type /.

Remark 2:
= These conditions are similar to those given for Bimatrix games by Quintas (1988 b),

= In a 3-person game, player 1 plays with player 2, and condition (1) takes the
form:

For each (j , /”)E X2,
If ®@of, (j')=j"" then ®of, (j")=]'

In thiscase @ = f,of,.

® The functions f;(r)=r and ®()=r—-1 mod. m fulfill condition (1).

Moreover, if we choose positive number €; we have that:

S-x))e, >0 @

s=1
This implies that the payoff matrix of each player i is non singular.
We will use the following notation:
= (x/)’ is the transposed vector of X
= V=V, Vi v)lisa (mx1) matrix with v in all entries.

. A,—j is the j-th row of player i payoff matrix

Theorem 3:

Given a g-cyclic game I' constructed as in Theorem 2, having (x,, X,,....... ,X,) as
a completely mixed Nash Equilibrium, with non zero values v,, VooV, and given
functions];i fulfilling condition (1) and given positive numbers €] with i=1, 2, ,...,n
fulfilling condition (2) , then, (x, X,,....... , X,) is the unique Nash Equilibrium of  the
game I

Proof:

In order to prove the uniqueness, we assume that there exists another Nash
Equilibrium (y,y,....... ,y,) with values u, , thus we have the expected utilities
E(y,yy...ny) = u, for i=12,.n.

We will consider the following cases:

= Casel: (y,yp-eny,) is completely mixed
As it is a Nash Equilibrium it fulfills the systems:

Ai(Xj)t:Vi Ai(yj)t:(Ji
Multiplying each equation of system a) by u, , and multiplying each equation of system
b) v, and subtracting one system from the other we obtain:

Ai(ui X; = V.Y, )t: 0 being 0 the (mx1)-order ngll matrix.

The matrices A, are non singular, because v.# 0 and € ;, fulfills condition (2) (see remark

1), Thus the lineal homogeneous systems A (u, x, - v,y, )'= 0 has unique solution, namely
the trivial. u, X, =Vy,; = 0, It implies that, u, XS’ =v‘ys" with s=1,2,....... m.

. . s=m s=m
: J— J
Summing up over s we obtain ZU1XS = Z\/d/s
s=1 s=1

13
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14 Constructing g-cyclic games with unique prefixed equilibrium

As x and y, are probability vectors, then u, = v, , therefore: A(X) A, (y) thus
A, (x -y, )'=0and as A, is non singular then the system has unique solution X;-y;=0,
and thus x; =y, for each i=12,....n

= Case 2: The point (y, y,......., y,) fulfills that:

S(y,)=Skx,) withie {12,.... ,n}, excepting for someje {1.2,... n}, such that
s(y)= sb;) with j=i

We assume that y;= (y{ Voo Vi, ,y;ﬁ-wo) and f,;()=k
Let ke S(xj)—s(yj) ,

Aifaz(k)(yj)l =v, zyé _ z ‘5;67_’)(;)},;

sesh;)  ses(;)  Xs
Let reS(y;)

A’pm(yj):v/_ Syl- 8(7 X) N 525(1 XJ)

ses(y;) seS(y y X X/

Subtracting A,.ff'(r)(yj)‘ y Al.ff’(k)(yj)‘ we obtain:

o -y, 868, zse )[ Toi- 3 en))

sh) s oSG sis) X

That is:
A0 -AY 4 T ) S S )
f s=1 r s=1
- . s#r
We have: 28'5(1—x§)>0 y reS(yj)

s=1

A,.f" (r)(v/)t —A,.f" (k)(yj)t >0, implies that fj,-(k)eE J,-(yj) .

Thus (y, y,.e.. , ¥,) is an Equilibrium point, because: Sly;)c J,-(vj) (Theorem 1)
then f,(k)e S(,) , and in consequence ¥f,4)=0 ., but that is impossible because by
hypothesis, we had that S(y;) =S(x ), and thus (x p Xy ,X ) isa point completely mixed
Equilibrium, which implies that [S(y; )| =|S(x; )| =m

In consequence, S(y,)=S(x,) for all j=1,2,...., n and then by case 1, X, =y therefore
(X Xevnnnsy %) is unique equilibrium.

= Case 3: The point (y, y,....... , y,) fulfills that:
S(x;,)cS(y,) forall i=1,2..,n

Let ke S(x,)-S(y,). In this case, we suppose k =m  f,,_(k)=*k,

In case 2, we obtained y}f,[:_,)(k): 0, thus y™' 0.

Let je S(X,.41)-S(Vs1), by hypothesis we had S(y,.;)= S(x,.,), in this case j = m satisfies
that condition.

Let fiune2)i)=Jj+1 mod.m,

) ¢ n-1 SQQQ - XM) n-1
An-2 (yn-1) = Vp2 Ys - % Ys
seS ,,.1') 5€8(yp1) Ys
Let r es(y'),
-2 n-1 n-18=m
fn-1-2) ) t n-1 & -x nt Y n-2€ n-1)
ALy 1) = Vg Zys - Z T A Zfs —Xs
s=1

seS(y,.1) 5eS(y,4) Xs Xr
s#r
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. f f j . . .
By subtracting An(’_"z’x”’z)(r)(y,,_1 ) from A,f’_"z’)("’z)(j )(y,,_1)t we obtain, as in the previous

case that: Anf(fg)("’2)(r)(V,7_7 )'> A;(_"g)("*2>(j)(yn,7 )!, then f(n—an—Z)(j)e Tz 0t .

As we have that (y,, y,........ ,7,) isan equilibrium  S(y,,., )< J, (v, 1) (Theorem 1), then
f(,,,l)(,,,z)(j)e S(y,.,), and in consequence, y}’if‘xn =0, that is y2 = 0.

Let ie S(x;)-S(y;), and we consider t (1) =i

Working as in the previous cases we obtain that f,,()e J,(y;) .

Again as (y, Yy ,7,) is an equilibrium S(y,)< J,(y;) (Theorem 1), then f, (e S(y,),
and in consequence: Y¢ y=0, thatisis yj = 0.

Now choosing k € S(x,)-S(y,), such that: Lk)= ﬂnq‘y((oﬁ(n.g(k))))e s,),
The existence of such k, is guarantied by (1).
For k=m, L(m)=1
n 1
#0Q,Y v, syi- 3 SR,
sesly)  sesty) X

and for each r such that h(r)= f21((pQ‘n(n_1)(r)))e S(y,), in consequence, ®(r)=1

. el-x1) , vio & -
A0, = v, Yyl 3 S0 S )
seS(y;)  seS(y;)  Xs Xh() s=1

s#h(r) sh(r)

Subtracting A “)(y, ) from A*®)(y,) , we obtain:

1 S=m
ALO(y ) = at®(y, ) = LS e 1)

X p (r) s=1
s=m ,
This is positive because h(r)e S(y;) and Z%ﬁ - Xs)> 0
s=1

Thus, A, > AL, Y (3)
However, kis such that L(k)e S(y,) , and as (y, y,....... ,7,) isan Equilibrium, then
Sy, )< J,(v;) (Theorem 1), we have

A, ) <AL, ). “)
But the inequalities (3) and (4) are incompatible, unless y,’,(,) =0.

If this occurs the vector y, is the null, and this is an absurd, thern there exist no other
equilibrium of the game I'. It completes the proof.

5 Constructing Matrices of n- Players Cyclic Game of with Unique
Points non Completely Mixed Equilibrium

In this section we consider cyclic games having the following characteristics: Each
player have m, strategies,

5| <m;withi=1,2,...... ,n,and each player have m strategics
actives.

Without loss of generality we can consider that the positives components of each
vectorx, i=1,2, ..., n, are the first m for each player.

Let v,,V,,......,v, , be n arbitrary nonzero values and let (x,, x,, ......,x ) bea n- tupla

of probability vectors were each vector x; is equal to:

X; = 6(/(0;): Xi(“é) ------- ’Xi(gr,m )): @;rxér ------ X;n, )
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16 Constructing g-cyclic games with unique prefixed equilibrium

We will construct matrices A, A,......... LA, with the following form:
aly  ——= ay ——— an,
| | | | |
A=|a ——- a8 -——— an
| | | | |

for i=1,2,..n ;j=i+1mod. n

We denote with the following submatrices of size mxm:

A= I I

We define the elements of the submatrices for i=1,2,...n as follows:

1 <l o

Vit— Zst@—x{) for f(s)=r
s fi(t)er
—x)e

U st € for fi(s)=r

al =

rs

2

1
S

here with p=1,...,m are positive numbers

We choose bijective functions f, 'y , such that:
]5[: S(xj)—>S(xl,) y @: S(x[)—>S(acj)

fulfilling condition (1) given in section 4.

We split the construction in 3 difterent areas as shown

I II

III

= In Iitplaces the submatrix A"
* In II'a submatrix of size mx (m,-m), were the clements are chosen arbitrarily.

* Inllla submatrix of size (m,—m) x m,, we chose q rows of A, with m< g <m;
. We denote ir with A/g , and it fulfills that A,-q 6(], )t: V,-q for a suitable v with v% < v
fori=1,...n

We denote with:

. i i i P
= x; isthe vector Xi =X, X5,eenee 5 Xm) consisting of the first m components of x.
1
= =2, ,m}=S(x,) with i=12,....n.

m

= =722 AT A}, ... ,A,’,"}isthen—persongame,

In view of above construction the matrix A have the following properties: if we can
choose the g-th row Af with m< q <m, and:

Therefore , it verifies that:
¢
Alx,)=v, for v, :(v,-,v,-, ........ VT, vm')

with i=1,2,...,n.
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Just at the realized in the previous section, now it exists a q- cyclic game I' no
completely mixed, with payoff matrix A and valuesv, v,...,v having (x, x,......, x )
as equilibrium of the game T'. Therefore, it was proved the following theorem:

Theorem 4: Give a n-tupla:

(x,,xyz, ........ ,x,,): (6(1,x}, ........ X0.0,...... ,0) Qfxzz ........ X2,0...... 0) .............. (("x’z’ ........ )(,’,’,y,O,....,O))

where édch vector X,, has mi positive components with i=1, 2,...,n and v, v,,...,v, are non zero
values  Let f, and ® be functions fulfilling condition (1) , were e, withi= 1, 2,.., n .are positive
numbers.

Then there exists a q-cyclic game T, having (x,, X,......., x ) as unique non completely mixed
equilibrium, and being v, v,,...,v  are the corresponding values of the game.

Remark 3: In the way we construct the matrices A, A,......, A the new rows we included
are strictly dominates, then (X,, Xgyereannen ,X,,) will still be a unique equilibrium.

5.1 Uniqueness of the Point of Equilibrium of Nash

Theorem 5: Give a q-cyclic game I' constructed asin Theorem 1, then (x, x,,....... ,X,)
is the unique equilibrium of the game.

Proof: In order to prove the uniqueness we assume that (y,, y,,........,y,) is another
equilibrium.

Taking into account conditions (2), (3) and Theorem 2, it is sufficient to prove the

case when:
S(x) =5(y)
As (Y, Yypeeroee ,¥,) is an equilibrium, it fulfills that: Ai(yj)‘:Ui, where
U= QU upu™ o, u™ ) for suitable U such that: uf <u,  with m<q<m,,
1=12,...n,
Then:
Alm(y/j = (ui,ui, .......... ,Ui)t With i=1,2,..n
Where };j is the corresponding truncated vector of y with respect to its m first
components.
As  (x, X2,....... ,X,) is also an equilibrium, then: A‘(Xj)‘z\/‘ where
V, = Q/‘,v‘ ......... VLV v )‘, for suitable V7, such that: vi<v for m< q <m, with
1=1,2,.....n,
Then

RN
Ai’"[xjj (A ,v,) with i= 1,..., n.

where X is the corresponding truncated vector of X;

Choosing functions fji and @ fulfilling condition (1); and positive numbers 8;
with p=1,...,m, then, we are in the hypothesis of Theorem 2. Therefore the point
(X1, Xgsueenens »X,) is the unique equilibrium.
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18 Constructing g-cyclic games with unique prefixed equilibrium

6 Concluding remarks

In this work we presented a wide family of g-cyclic n-person games with unique
prefixed Nash equilibrium points. We extend the constructions given for bimatrix games
by Marchi and Quintas (1987) and Quintas (1988 a). We also proved the uniqueness of
equilibrium for a wide family of completely mixed g-cyclic game and also for a family
of not completely mixed g-cyclic game, with each players having n strategies, being only
m (m<n) of them active strategies.

This is a step in extending results from 2 person games to n-person games. We might
have expected that the procedure used here could also serve to generate games with
unique equilibrium in Polymeric Games (Yanovskaya E. B (1968)). These games are an
extension of g-cyclic games, but unfortunately the technique we used, didn’t provide
unique equilibrium in Polymeric Games and it would require the use of a different
technique.
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