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In a strategic market game with paper money used for exchange the control of the amount of money or credit 1ssued and the
selection of the level of the penalty for default make 1t possible to select a single competitive equiibrium which 1s feasible as a
non-cooperative equilibrium

1. The exchange economy

An exchange economy & 1s characterized by n types of traders and m goods where a trader of
type ¢ has a utility ! function ¢,(x}, ...,x") and an initial endowment (a;, d}, ...,a.).

Suppose that this economy has k& competitive equilitbrium points (henceforth denoted as C.E.s).
Possible degeneracies which might give rise to a continuum of C.E.s are set aside. Denote the prices

and Lagrangean multipliers associated with the yth CE. (y =1, ...,k) by p/ =(p{, p4,..., pJ) and
M= (A, A,..., A)). As prices are homogeneous of order zero we can multiply p’/ by a scalar «

without influencing the distribution of goods at the C.E. If p/ 1s muluplied by @ (where a > 0) then
the associated A/ must be divided by «a. Intuitively all that this says 1s that if prices rise by a factor of
a the marginal utility of income is decreased by 1/a.

It is well known that there are many different ways one can fix a price or normalize prices in the
exchange economy. A particular normahzation 1s chosen here. Furthermore it is suggested that it 1s a
natural choice if one wishes to introduce money explicitly mnto the model.

We want three properties for a good normahzation: (a) 1t should be intrinsically symmetric, i.e.,
all goods are treated in the same manner; (b) the normalization equation should be dimensionally
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sound, 1e., the units on both sides of the equation should match; and (¢) there should be a good
plausible economic interpretation to the normahzation chosen
Three normalizations are noted. They are

m

> p=1 (prices),

7=1

> pa,=1 (total asset value),

=1

>y max[(xj’ - aj’), 0] =1 (total cash flow) (3)
=1 =1

The first normalization 1s one that has been frequently used, it meets the criterion of mtrimsic
symmetry but fails in dimensional analysis. The dimensions of price p, are M/Q . Thus we have

4.4 =0 (4)

The second and third normalizations do not face this problem. Instead of (4) we have

M M

M
QQ1+Q—2Q2+ =0, =M. (5)

Q.

The normalization 1s 1 terms of ‘money’

As the choice of umts for each good 1s arbitrary we may normalize the total endowment of each
good to be one. Thus as a,=1 for all j eq (2) appears to be the same as (1), but the dimensional
analysis shows the difference.

Both (2) and (3) have clear economic interpretations. The first (2) 1s the total value of all wealth 1n
the economy. The second (3) 1s the value of all trade or total cash flow. The economic interpretation
of the normalization suggests that (2) 1s a better normalization than (3). All C.E.s are Pareto optimal,
but we have no intrinsic way to distinguish among them. Thus 1s reflected by using normalization (2)
for each. This has the iterpretation that total wealth is normalized to be the same at all C.E.s

2. The strategic market game with fiat money

The exchange economy & can be reformulated as a strategic market game The details of the
various reformulations are given elsewhere. 2 In particular the point of concern here involves the
introduction of a spectfied amount of credit or fiat money to monetize exchange. Dubey and Shubik
(1979) and Shubik and Wilson (1977) have studied the possibility of introducing a fixed amount M
of money to finance trade. When one formulates exchange as a game of strategy using any form of
credit or fiat money where there is any possibility whatsoever that an mndividual will be unabie 10 pav
back that which he has borrowed, the rules of the game require that the procedure to be followed in
case of c!‘efault must be specified. This 15 not a mere institutional detail but a logical necessiiv. 1 i3.
however, ‘reasonable to expect that one might try to design a default penalty sufficiently
discourage strategic default.

2 See Shubik (1973), Shapley and Shubik (1977), Dubey and Shubik (1978, 1980), Dubey and Shapley (1977), Dubey (1982)
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The A/ have an immediate economic 1nterpretation as the marginal utilities to each individual of
extra mncome at C E. ; In designing a game, if we wanted to discourage strategic bankruptcy we
would select a penalty, to be at least as harsh as the largest marginal utility for income.

In a game without a credit restriction any penalty u > 0 will suffice, as the system 1s self-normaliz-
ing. Prices can always be inflated to the point that the marginal disutility of any penalty, no matter
how small, 1s not worth ncurring The dimensions of p and A/ are utility/ money thus nflating
prices amounts to increasing the force of the penalty. > But if the amount of money is fixed 1=
advance an upper bound is placed on the ability to mflate prices * and still obtain a C.E., hence
lower bound 1s set on the value of the A’

By utilizing the normalization (2) at each C E. ; we obtain a set of prices ( p4,..., pJ,) and a set of
Lagrangean multipliers (A4,..., A%). The amount of money required to finance trade at C.E ; 1s
given by
Y X max| pl(x{-a1).0] =, (6)

=1 g=1

If a strategic market game is constructed with a limut on the amount of money of M,, then in
order for the game which we denote by I'(&, M,, p’) to be able to achieve the CE ; as an N E the
bankruptcy penalty p/ must be selected so that p’/ > max(Af, A, ., A%). If p/ is less than the
largest A’ then at least one class of individuals ® will be motivated to go bankrupt if the prices at
CE. ; prevail.

For each C.E. ; we can construct a game I'(&. M, p’) where the C.E. (and possibly other C.E.s)
can be obtained as an N.E

Two games of the k games I'(&, M, p'), j=1, .., k are distinguished' the game with M, =
min{ M,, M,,.. , M,] and the game with p* = min[y,..., u*]. Both of these games may have many
N.E.s but they can each have only one intertor N.E. which comncides with a C.E.

The game I'(&, M,, p’) 1s the strategic market game associated with the npunumal cash flow C.E.
of the exchange economy &. All other C.E.s of the exchange economy & require relatively more
money (measured as a percentage of total wealth) than M, Hence in the game I'(&, M, p’/) only
one C.E 1s feasible.

The game I'(&, M, u*) is the strategic market game associated with nunimal default penalty C.E.
of the exchange economy &. If p/=max(M, A%, .., A.) then p* = min(p', 2, .... u*). It 15 the
smallest penalty strong enough for one C.E to be attainable as an N.E.

An open question 1s when do these two criteria comncide 1n their selection of a C.E Even without
an answer to this, muumal cash flow by itself with 1ts implications of minimal hquidity provides an
attractive criterion for selecting among C.E s especially 1f there were a cost associated with hiquidity.

3 The force of inflation causes immediate problems both in bankruptcy and cnimunal law In the latter in particular, the theft
of money which 1n one era 1s clearly a crime, mught be still classified as such even though 1t should be regarded as a
misdemeanor

Leaving aside vanation of velocity It 1s suggested elsewhere that velocity 1s a red herring [Shubik (1986)]

1t 1s argued elsewhere {Dubey and Shubik (1979)] that there 1s no loss of generality in using a function of the form

ES

w

m

Zl’g(x;;—a;),o} mstead of C.I"l(x{, ’x;n-i»l)

g=1

qJ,(x;, ,x:n)+,umln

to describe the preference conditions involving bankruptey conditions punative enough to prevent strategic bankruptey
Furthermore, although a personal bankruptcy penalty for each trader type can be envisioned calling for (p;. .p,) rather
than a single penalty p, the single penalty suffices against all types 1f 1t 1s high enough
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