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ABSTRACT

It is suggested that an extra degree of freedom is needed to con-
struct a symmetric noncooperative price game in a market with n monopo-
lists trading in n goods. This calls for the introduction of an n+l
good which can be interpreted as a commodity money.

When there are n monopolists using a commodity money in common
a symmetric price or quantity noncooperative game can be constructed.

The quantity game is examined. Necessary conditions are shown for the
replicated game to have its noncooperative equilibria approach the com-
petitive equilibria of the replicated market. It is demonstrated that
unless there is “enough" commodity money convergence may not take place.
There will be a 'money shortage” and this will be reflected in a price
for the commodity money higher than its utilitariam worth. This reflects
the addition of a "shadow price" for the worth of relaxing the monetary

capacity constraint.
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1. THE PROBLEM

General equilibrium theory presents a description of the functioning
of the price system that is essentially both static and nonstrategic. 0li-
gopoly theory has been presented as strategic, but with few exceptions
models of eoligopolistic behavior have been open or one-sided., Most fre-
quently the stress has been upon the oligopolistic competitors as firms
with the customers as passive price taking automata, bezt represented by
demand functions.

From Cournot, through Chamberlin the predominant solution concept
used has been that of the noncooperative equilibrium peint {1j. The non-
cooperative solution has been employed primarily with quantity offered or
with price as a strategic variable used by the firms.

Although much of the verbal treatment of the noncocperative models
has been phrased in dynamic or gquasidynamic terms, the mathematical formu-
lation of the noncooperative equilibrium can be givem as astatic "one=-shot™
system to be solved simultaneously. In other words, the market may be re-
presented by a2 game in strategic form where all players simultaneously an-
nounce their strategies.

There is little doubt that an adequate model of oligopoly calls for
an explicitly dynamic treatment, however before attempting to develop
dynamics we may consider a problem that arises in statics even though the

model that must be built is not "realjetic.”



Why is it that it is so easy to formulate a static symmetric non-
cooperative game as a representation of an open oligopolistic system; but
it does not appear to be either eazy or "natural” to formulate a static
symmetric noncooperative game as a representation of a closed economic
system?

In the remainder of thie paper it is shown that the answer to this
question is closely related to the role of money in an economy, and this

in turn provides a link from statics tu dynamics

2. ON CLOSED AND OPEN SYSTEMS

Before starting to construct am explicit model, the distinction be-
tween open and closed models is made,

The Edgeworth bilateral model of trade is a closed normonetary sys-
tem. Goods flow within the system and after trade the change in the amount
of goods in the system is zero, This is shown im Figure 1. The wWalrasian

system may be regarded as this type of system.
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The Cournot duopoly model is an open market model involving money.
After trade has taken place neither the amount of goods, nor the amount
of money in the system is conserved. (Goods flow out into ‘'the market" and
money flows in from the market. This is shown in Figure 2. Virtually all

models of oligopoly are of this type.
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FIGURE 2

A general equilibrium system which trades in money must conserve
both goods and money. Thus the flow diagram for a two trader market be-
comes that shown in Figure 3. We may also wish to consider systems which

are "open”™ or "closed” in time. This invelves specifying interperiocd balances.
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3. THE DIFFICULTIES WITH THE EDGEWORTH BOX

The simplest and most attractive device for illustrating the pro-
perties of the price system is the Edgeworth box. Given two traders with
initial endowments of (Al, 0) and (0, Az) and preferences which can
be represented by utility functions ¢(x1, yl) and y(xz, yz) . The
familiar Edgeworth box diagram is drawn in Figure 4. The iine 0P indi-
cates the price éystem. P represents a point on the Pareto optimal sur-
face that trading will reach when the price system is used. This simple
model illustrating the price system for two traders, trading in two goods

can be generalized for n traders trading in m goods [2]. 1Im the



FIGURE 4

general case it can be shown that m prices (pl, Py cooy pm) exist such
that 1f each trader is constrained to maximize his welfare taking these
prices as given the resultant trades will all balance and the outcome will
be Pareto optimal (as is illustrated in the simpler case by P 3. It is
well known that the price system is homogeneous of order 0 . As the prices
in the general equilibrium model are essentially exchange ratics among the
goods we could use one of the goods, say the mth as a numeraire, fixing
its price at 1. The price system becomes (pllpm, pzlpm, so0y pmwlfpm, 1)
where the m~1 prices are independent.

The general equilibrium closed competitive economic system is modeled
nonstrategically in the sense that each individual is constrained to maximize

his welfare as though prices were fixed and that he has no market influence.



In Figure 1 the curve joining clcz is the contract curve. This
set of imputations suggested by Edgeworth as a solution to the bilateral
monopoly bargaining problem also coincides with the cooperative game theory
solution known as the core. Game theory solutions involve making the assump-
tion that the individuals have strategic freedom and influence.

Cooperative solutions, such as the core can be illustrated on the
Edgeworth box because the strategic freedom; the dynamics, haggling and
bargaining lie outside of the formal economic model. They are only implicit
in the formal mathematical description, In particular no description ia
given of the communications or the nature of the discussion that takes
place among the traders. It is assumed that after they have finished bar-
gaining they then act jointly or "cooperatively" in selecting some outcome
on curve Clc2 s

The noncooperative solution is explicitly strategic, this is in con-
trast with the cooperative solutions (implicitly strategic) and the com~
petitive equilibrium (nonstrategic). Duopoly models, which are open
economic models (the customers being represented by a demand mechanism)
have been studied using the noncooperative equilibrium solution where
either price of quantity have been used as the strategic variable employed
by the firms [3]. Given that the noncooperative solution to duopoly is
well known and has been in eccnomic literature since the time of Cournot,

a natural question to ask is can the noncooperative equilibrium solution
be applied to a bilateral monopoly? Furthermore do there exist two ver-

slons, one with quantity and the other with price as the strategic variables?



Another important question concerns the role of symmetry. The
duopoly model is inherently symmetric in the roles of the two firms. The
symmetry is reflected in the resultant noncooperative games. The bilateral
monopoly model is also inherently symmetric. Can we construct a two-person
symmetric noncooperative game that is a reasonmable model of & closed bi-
lateral monepoly?

One further question must be asked. Although the noncooperative
equilibrium solutions to ducpoly can be given a quasi-dynamic interpre-
tation and in some instances some formal dynamic processes may be specified
which lead to the noncooperative equilibrium, they can equally well be
discussed in a static context. The existence of & noncooperative equili-
brium point im a Cournot duopoly can be examined in much the same way as
the existence of the competitive equilibrium can be examined, Can we ob-
tain a noncooperative equilibrium model of a bilateral monopoly which is
reasonably well portrayed in & static context?

We discover immediately that we are unable to formulate a satis-
factory bilateral monopoly model where the traders are trading in only
two commodities, as & symmetric noncooperative game with price as the
strategic variable for each trader. In the closed model, prices can be
regarded as ratios. If we select one commodity as the numeraire we destroy
the symmetry of the model and deprive the monopolist in that commodity of
his strategic freedom, If we do not pick a numeraire the resulting price
game amounts to the game of "pick the biggest number” because there is
really only one price in the market which is determined by the ratio of
the two numbers named, No matter what the other trader has named it pays

the remaining trader to name a higher number.



We are not able to formulate a satisfactory symmetric bilateral mono-
poly model using quantity as the strategic variable. 1f each names & quantity
and the market is cleared the only equilibrium {8 (0,0) ., Although, as
is discussed below it 1s possible to formulate a satisfactory symmetric
two commodity bilateral duopoly model as a symmetric noncooperative quan-
tity strategy game if one of the commodities is held in an appropriately
abundant supply by all traders and is used as a commodity money, i.e.,
offers to buy anything else in the economy are made in terms of quantities
of the commodity money.

The noncooperative game formulation for a closed symmetric general
equilibrium trading model requires the existence of a commodity money.

The important property of this commodity money for the noncooperative game
is that it is used "to balance the books" after all traders have exerted
their strategic control over the market. Because all are required to be
strategically neutral with respect to the commodity money & symmetric non-
cooperative price game in which each trader is permitted to name a price
for some commodity requires, for n traders, that there exist at least
n+l commodities,

If the noncooperative game has quantities offered as the strategic
variables it is possible to construct a symmetric game for as few as two
commodities provided that one commodity is designated as a "money"” and
all traders possess a supply of money.

There are several difficulties encountered in defining the price

noncocperative game and in defining and studying limiting behavior as



numbers of traders are increased.”

We wish to study the limiting behavior of the noncooperative eéui-
libria in order to investigate their relationship to competitive equilibrium
pointa. This can be done in a straightforward manner with the quantity
strategy noncooperative game. In Section 4 the quantity strategy noncooper-

ative game is defined and studied.

4. A WORLDR OF OLIGOPOLIES

The nature of the noncooperative game and eéuilibria can be most
easily seen if we begin with an economy consisting of n monopolists
each of whom possesses the sole supply of some commodity and has a supply
of the commodity money.

Let there be n traders, each a monopolist in one commodity.
There are n+l commodities in the economy.

Trader 1 has an initial endowment given by (0, 0, ..., 1, ...,
0, Mi) and has a utility function of mi(xi, x;, cooy xi+1) .

A strategy by trader 1 1is to offer a quantity qi <1 to the

market and to offer quantities of “money" di {j #1) for the remaining

i
i i
goods, where T dj <M .
i

The price of a commodity i 1is given by:

*An immediate problem with the price game when a limiting process is examined
is to decide if additional players sell identical or differentiated products.
A complicated rationing method for the description of demand is also called
for [4].
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(1) Py = T di[q% for* j =1, +.., n .

ipy 3
(2 Poyp = L -

The quantity of the jth commodity obtained by trader 1 is:

(3) o =alqd/ v d® for* j=1, ..., n, and jAL.
LAY
(4) xi =1~ qi and
i i i i
(5) X4l = M o+ L P N dj °

The goal of Trader i 1in the noncooperative game is to select

i i i i i i
(dl, dZ’ peny di-l’ a5 d1+1, crey dn) to maximize
ot =t < )
Pi\EY B v Fppn/

The p; are assumed to be twice differentiable with bounded first
derivatives. We may write down the n2 first order conditions for indi-
vidual maximization in the noncooperative game. Although they can be
written down formally, reflection on the nature of the model when the

market consists of monopolists indicates that there will exist only one

highly unsatisfactory noncooperative equilibrium point where no trade

1. 0 or % dh = 0 we must define values

for pj and x; . These conditions are not treated in this paper. They

*In both of these instances if gq

will cause difficulties with a general investigation of the mathematical
properties of this model. There is always a (highly unstable) equilibrium
point at (0, ..., 0) .
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takes place. If only one individual offers a commodity and obtains all
of the money that the others have offered, regardless of the amount he
offers, then his optimal strategy is to offer nothing. This paradoxical
behavior associated with infinite price and a zero offering occurs for
"the world of monopolies.” When we consider that there are two or more
traders of each type this paradoxical result remains, for if all but one
of the traders offer none of their goods for sale the remaining one will
also offer nothing. However a new and more reasonable equilibrium also
appears.
Suppose that there are s traders of each type in the market where

8 > 2 . We may express the first order conditions for the existence of

4 noncooperative equllibrium by:

Ao
(6) —>— =0 for k=1, ..., s and L,§ =1, 2, ..., n but § #4i.
aal

h|
and
ami
(7) i 0 for k=1, ..., s and i =1, ..., n,
A9,

These may be written out more fully for a trader of type 1 as:

= - ’ B Lly ooy
aq%’k ax1 1 3Kn+1 1 qu’g 3xn+1
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8 ‘ 3
R 1,k I}
ﬁ ¥ ¢ 'y
My Aoy | 02 % kzlqz Ay
) ad1,k = axz < 5 g P " T n s 1, 4.2 [ - Ax 1 =0
2 s vdt (v wayh ot
1F2 4=l 1p2 g=1

and similarly for the others. These give us two equation types for when

an individual sells one of the first n commodities or when he buys. They
can be expressed as:
i,k
(10} poao [ 20 [ Y
Lo ) ™a w qlrk
i
£
r g 3
i,k [
d 2 ‘-? 3
1 I Bog [ Poy
{11) (- = ' ;o= for 1 £ 3§ .
P n s 2 AX Ax
h| (v -~ dh’E) n+l j
\ hAj g=1 3 T

Given the symmetry among the traders of a specific type we may replace the

summation over a type by s times the action of an individual of that

type. Thus equation (10) becomes
o A
i i 1
(12} P, =5 (1 - “)
1 axi axn+-1 8
and (11) becomes
i
di \Poy [ Py
(13) p, =| 1 - T .
i s v a5/ ng
hfi
i i
We know that 0 < dj < w dj hence

hES S
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1
d .
(14) 1> [1- —d 3(»-}).
\ s % d? p
h#j

Thus as 8 increases in size, (12) and (13) approach the form of

15) B0y [ 0y
( p, = = for § =1, 2, aeep T .
oAk, A%

These together with Poi1 = 1 can be written as:

By ] 04
k
(16) axi’k Bx;’ B oL, = axi;: i=1, c.0p n o
1

But the equations (16) are similar in form to the conditions at a competitive
equilibrium point in the n+l commodity economy. Thig is suggestive that
there may exist a class of noncooperative oligopoly games in a closed economy
for which the limiting {in the sense of replication) symmetric moncoopera-
tive equilibrium points coincide with the competitive equilibrium points
(see Appendix}.

The noncooperative equilibria will be influenced by the amount of
commodity money in existence. Furthermore there must be "enough money"
held by each trader or a boundary solution may result. The meaning of
enough is illustrated and discussed in the example in Section 6.

The indication of the relaticnship between the noncooperative equi-

1ibrium and the competitive equilibrium given above for a werld of one
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product oligepolistes appears to hold far more generally. Instead of limiting
the model to individuals holding one product and "money” we may consider

a market with n individuals and m+l goods {(m > 1) where each individual

1 has as his initial holdings amounts (AL, Aé, veos Aiﬂj,n . In this game

a strategy is an m~-dimensional vector where an individual may decide either

to buy or sell commodity j . If he sells, he offers an amount q? < A? .
If he buye he offers an amount of woney d§ where ¥ d% “~ A;+ﬂ °

3

5. DISCUSSTON AND INTERPRETATION

The commodity money sServes as an imperfect but adequate strategic
decoupling device. It enables each trader to announce his strategy without
coordination with the others. The properties required to make it work well
should be that it is of some value; it is in sufficlent supply that it is
reasonable for all tc be able to keep a store of it, It should be durable
and the cloger it has & relatively constant marginal utilitv the more stable
the economy becomes with respect to injections of new money. Tu various
gsocieties; coconuts, salt bars, dried fish, bricks of tea, etc. have come
reasonably close to fulfilling these requirements [3].

The noncooperative market described used guantity as the strategic
variable. 1In considering the behavior of a large economy and {n trying
te make the connection between statice and dynamics, i¢ appears reasensble
to consider that the amount of goods offered and the amount of "money”

chasing them are the determinants of prices rather than vice versa.
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We note that the noncooperative equiiibrium, although it can be given
a static interpretation is an interlink to a dynamic model. The budget con-
straint conditions reflect this in the "cash or commodity money flow™ ace
count, in the sense that the items sold do not provide spendable funds for
this period. They build up the individual's supply of money for the rext
trading period thus it is most appropriste to consider the utility of the
end supply of commodity money as not only having intrinsic individual con-
sumption utility, but also containing a socially determined utility derived
from including the “value" of the trader's position im the next game as
determined by his supply of commodity money.

Essentially the worth of the special commodity has two components,

a direct "Robinson Crusce” utility as & consumer good and @ value aa the
"money' or store of wealth to be used in the next period of trade. This
second component may be regarded as the derived positional value determined
by the state the system enters in the next period. Provided that all indi-
viduals are willing toc accept "bluwe chips” or piecee of paper & commodity
money may be replaced by a fiat money which will have the second value pro-
perty, but not the first. The discussion of this is not pursced in this
article.

The problem of convergence of the noncooperative equilibrium to a
specific competitive equilibrium appears to rest upon the full investiga-
tion of the conditions under which the-equati@n systems (12) and (13) yield
a solution identical with (16). It is conjectured that this will depend
critically upon which commedity is chosen as the commodity momey. We know
that at least such & commodity must be in sufficient supply to a1l or the

system will not work.
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6. AN EXAMPLE

In this section a simple example 1s calculated to illustrate the
nature (and non-optimality) of the noncooperative equilibrium and to illusg-
trate how "not enough money" can influence trade.

Suppose that there are four traders in toto; two traders of two types.
In order to keep the example as simple as possible let each trader have the
same utility function. A type is distinguished by differences in initial

endowvments. Let the utility function of each individual be
(17) U = log xyz

where the third commodity is the commodity money.

Let the initial resources of traders of Type 1 be (4, O, Hi) and
of Type 2 (0, B, Mz) .

Denote the two traders of the first type as 1 and 2 and of the second
type as 3 and 4.

A strategy by a trader eof the first type is to offer am amount 9y
of the first commodity for sale and offer an amount of money di for the
second commodity, where i =1, 2 .

A strategy by a trader of the second type is to offer an amount of

money w, for the first commodity and an amount T, of the second, where

i
i=3,4.

Let =, be the amount of the first good held by trader i and let

Yy be the amount of the second good held by trader i .



W, +W
3 4
(18) p, w ——=2
1 q) +4q,
d, +d
1 2
(19) p, - ——2
2 r3+r4

where GSdiSM]_, OSWiSM,Z, and OSqiﬁA, 0<r, <B.

We may write:

4 r3+r
X =A'=q y m d
1 1 1 1 d1+d2
r, +r
3 4
x uA-q y wd [ SE——.
2 2 2 2 d1+d2
(20) p,
q, +4q
1 2
X oW et o y =B-r
3 3 w3-l-wr4 3 3
1 *t4,
x -w ————C—— v — y gB,r .
! 4 4 w3+w4 4 4

This enables us to describe the noncooperative game as:

r3 + LA
(21) Maxim;.ze log(A - ql) d, i 7 M, + Pyq - dl)
9 4 1 2
1uta
(22) Maximize log Valo 3w [ (B - 1:3)(1.[2 + Pory - w3) .
Wqr T, 3 4

There are two similar equations for the second and fourth traders.

From (21) we obtain, taking derivatives first on 9y and then

17
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) 1 vyt v, (v +w,) 1
(23 . - q -
My + P9y = dy ey +a Ul (@, + qz)2 A-q
and
1 1 1
(24) ~ - - .
d1 d1 + d2 Ml + plq1 d1

Similarly from (22) we obtain:

25) RTINSl 1 o S L R
Mz + p2r3 - d3 r, + X, (r3-+r4)2 B - r3
and
1 1 1
(26) = - - — -
w3 w3 4+ w4 MZ + p2r3 d3

Solving for the symmetric equilibria we may assume that ildentical
traders are treated identically. Hence we may replace T, +r, by 2r
and similarly elsewhere., More generally, instead of considering 2 traders
of each type we might consider s traders and we may replace any sum such

as d, +d_. + +.. +d, by s8d in the more general form of equations (23)-

1 2 3
(26). This gives us from (18) and (19)

(27) p, =w/q
and

(28) p, = d/r .



From (23) and (24) we obtain:

1 1 1\ w
(29) A—qgﬂl+w-d<l-§>a

and

Similarly from (25) and (26):

Solving the four equations for d, w, q and r,

o= (1-1)

we obtain:

(31 i } " %;? from (29)

(32) g- =M, +w-d from (30) and similarly
(33) §=u2+d-w.

With further manipulation we obtain

M, - M
g My - My
d‘z@1*”z+1+zc>

1 1 iy d 1 1 1
{(30) B-r=M2+d-w<1-s>r and w(]_-;‘)::Hz_'_d

-w°

setting:

19
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or

G(H1 + G(M1 + Mz))

(34 d = T+ 26

(359 o G(ng G(M1 + MZ))
1 + 26

and

GM, + (1+G)M
(38) i”" 3l 22, 3.’
(1+G+G)H1+(G+G +G)M2

and similarly for r

(L+G + G3)M1 +6(lL +G + c;.z)m2

W
(37 PL=q" (1 ¥ 20)A
3 2
d (L+G +6 )Mz +G6(l +G + G )Hl
( 2 T (1 + 2G)A

The mass market aspect of the model can be studied by letting G - 1.

This gives:

M+ 2M2 2M. + M
1 1 2
{39) Q= Sy 73N A, d = 3
1 2
and
M, + 2M M. + 2
(40) r-z2—=L158, w22
Ml-F3H2 3

hence
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(41) Py = (M) +M,)/A and p, = (M, + M,)/B .

Setting A = B and Ml = MZ = M we compare the markets for

§ =2, 3 and 8 - = .

8 q=r d =w P; =Py
2 4A/5 M/2 M/BA
3 9A/13 2M/3 26M/27A
o Af2 M 2M/A

Owing to the special nature of the utility functionm, in the table
above it can be seen that any amount of this commodity money is “enough,”
This would not be so for other utility functions.

The above comment only holds true in the highly symmetric case. For
this case, as can be seen for s — » the competitive equilibrium is reached.

I1f we look at the monetary comstraints in general d < M, becomes:

1

2 2
(42) GM; + G°M; + GM, < M, + 26M

1 1°

Similarly using w < M, and substituting for G we obtain

2

2 M
(43) E__:'....?.!‘l._t_!..;ﬁ_l.sf__i‘__!;."_l.

32+a-1 2 8” -~ 28 + 1

[
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We observe that from (43) the distribution of money holdings must be equal
to all if the noncooperative mass market is to approach the competitive

equilibrium,

6.1, Another Simple Example: A "Linearly Valued" Commodity Money

If there is a commodity which enters the utility functions of all traders

as a separate and linear term, i.e., the utility functions are of the form:
(44) 9(11, 1!.2, teay Xn, m) gm(xl, x2, csay xn) + bm

then if there is "sufficlent money'" the noncooperative equilibrium with
active trade appears to converge to the competitive equilibrium regardless
of the supply of commodity above the minimum needed by each. Consider, as

an example, two types of players, each with a utility function of the form:
(45) log xy + 2

and initial endowments (A, O, M) and (0, B, MZ) . It is easy to establish

that:
2 2
(46) q=A —-2—(8—-9-—2 and r =B —-2—@-—12——2- .
8" + (s-1) 8 + (8-1)

These hold for any amounts of initial goods and commodity money above a
minimure needed for trade. A8 8 - » these always approach the competitive

equilibrium.
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7. CONCLUDING REMARKS

In the models above commodity money plays several important roles
as a medium of exchange, a numeraire, a store of value and a strategic de-
coupling device which enables each trader to name a strategy in a symmetric
noncooperative game,

As traders do not buy or sell the commodity money directly as they
do their stock-in-trade their roles are symmetric with respect to this mnoney.
As their numbers increase they become strategically weaker in the markets,
This attenuation of the worth of strategic freedom, or individual power
(but not the attenuation of strategic freedom) appears, under the appro-
priate circumstances, to lead to noncooperative equilibrium to approach
the competitive equilibrium.

The "ideal commodity money" from the viewpoint of helping to guide
a large market of noncooperative individuals would appear as a linear separate
term in the utility functions of the individuals, or at least it should be
sufficiently weakly interlinked with the other commodities that a shape
such as that in (44) is a reasonable approximation in the neighborhood of
the individual's usual expenditures.

Money, both commedity and fiat, is a large group phenomenon. It
is conjectured that a fruitful approach to the understanding of many of the
basic properties of fiat money is similar to the approach noted above:
(1) The model must be strategic; (2) The players muﬁt occupy symmetric roles
with respect to all commodities, but their strategic actions should not be

directly applied to money (a theory of banking may call for nomsymmetric
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players, one class of which directly manipulates the supply of money [6]);
(3) The properties of the system should emerge as the limiting behavior of
an sk-person noncooperative game as s w @ (where k 1is the number of
types of players).

The key role of a money in a noncooperative game 1s as a strategic
decoupling device which naturally interlinks a static economy with a dynamic
one. Given the size of mass markets and the anonymity of individuals dealing
in them a money needs also to be a carrier of value so that ''the trust is
in the cash.”" A commodity money has this property but the more closely it
is interlinked in the consumption patterns of the individuals the poorer
a decoupling device it becomes.

The ideal decoupling device should be as in (44). Where not only
does the commodity money act as a direct store of wealth it also achieves
its maximum flexibility and added worth as a state variable serving to re-
lax constraints in a dymamic maximization problem. If people were willing
or forced to trust fiat momey or paper or "blue chips® (i.e. were willing
to accept it in trade) then a fiat money could be introduced into the non-
cooperative game instead of a commodity. The value of the paper as con-
trasted with gold might initially appear slight. It obviously can have
the classic values of

(1) Transportability

(2) Ease of storage

(3) Numeraire

(4) Medium of exchange.
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We may add the govermment fiat created values of

(1) A store of value by state fiat, and

(2) A means of paying taxes,

Once a large group of more or less anonymous individusls have been “hooked
into playing" a noncooperative game using dollars or blue chips they may
not be able to get out of the game by individual actiom.

It does not require an individual belief that a trader can eat his
dollars to keep him in the game and to accept the rules. Given that there
are enough other players accepting the rules, considerations of custom,
the value as a medium of exchange etc. may make it too expensive for the
individual to get out of the game. Ar some point if a government or large
groups are using the printing presses or playing other "money games" the
individuals will abandon the rules and the paper becomes worthless. This
point is usually only reached after a war, revolution or other major social
upheaval., However within fairly broad bounds, once a fiat money system is
in motion, a noncooperative game can provide it2 owm internal stebiliry,

The major original purpose of this paper was to invesrigate the pro-
perties of noncooperative oligopoly models in a general equilibrium syscem.
This called for an exploration of the strategic freedom of the traders,
which in turn has lead to the speculation that models of oligopely in =
closed economic system and the concept of markets and money pose closely
related problems,

Strategic freedom can be introduced via z commodity momey., This
creates a "cash flow" problem which produces extra conditioms that bound

the trade possibilities in a society that does net use barter, but does
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not have trust or credit except in "“gold" or a commodity money. The intrin-
sic value of the commodity provides the first reason for use. The internal
circular stability of the mencooperative equilibrium and the inconvenience
of other modes of trade, once the commodity money has been accepted, may

enable even a symbolic commodity to support its monetary properties,
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APPENDIX

The commodity money has two values imputed to it. One as 2 good of
intrinsic worth and the other as a trading device. It can be seen from
(47) and (48) below that for the noncooperative game to converge to the com-
Petitive equilibrium two different sets of conditions must be satisfied at
the point. For the noncooperative equilibrium if an individual maximizes

cp(Al + Xg5 A, + LOYBEEEY An+1 + y) where Pn-l»l = 1 the following conditions

2
must hold:
n 0 if x< 0
(47) p.x where §. =
st 1P S han 1 1f x>0
also x, > -A1
X > =A
n=— “n
and
n n
48 -y = % (1 - X, + ';"
(48) y j=1( 8. )Pj ajp“

For the competitive equilibrium we have only (48). Thus we have an extra
inequality for every individual in the noncooperative game., When (47) and
(48) are satisfied at the same time at the competitive equilibrium it is

conjectured that the noncooperative equilibrium will comverge to the
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competitive equilibriumo* Furthermore, this appears to indicate that in
such a case the "money constraint™ is slack hence the value imputed'to the
comnodity will only be its "eating wvalue.”

Given the extra conditione imposed by (&7) a4 noncogperative game is
not neutral to the selection of a commodity money. Furthermore, if no com-
modity exists in adequate supply no noncooperative game uging a commodity
as money may give the same outcome a8 a competitive market., Given m
commodities and n tradere, failure of the efficiency of & commodity money
economy reqnﬁres testing for each competitive equilibrium point the failure
of all of m sets of n constraints, one set for each commodity in use

as a commodity money.

*If there are several competitive equilibria, it is conjectured that there
will be a noncooperative equilibrium point associated with each competitive
equilibrium.
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