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(1) In an economy with perfect trust there is no -need for

PREFACE

This is a preliminary paper on the theory of money and banking,

The theoréms called for are not stated with the care that is

“ needed for fully rigorous proof. However as what is presented

here represents a fundamentally new approach to the theory of
money and banking, the concepts, models and examples are
presented in this form now, taking the risk and responsi-

bility that unforseen difficulties can occur.

The approach to the théory of money is via the theory of
games. An n+b person game is considered where n are traders
and b are bankers. There are m commodities and a substance
calied money 1in the economy. The properties of money derive
from the rules of operation of the economy and the limiting

behavior of the core of a codperative game for financing

cash flow.

An Appendi* provides a far more formal treatment of the Sub;
ject than does the main text. These who are less interested
in the institutional details, the heuristics of modeling and
in calculations with Simple examples could proceed imhediataly

to the Appendix for the formal statement of the baSic model

and the proofs of the results.

Most of the basic résults are stated immediately below and

are developéd both in the text and Appendix.

, 1
money and trivially the money rate of interest is zero, !
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(2) In an economy ih which traders do not trust each other but
~are willing to trust a banker (who in turn trists the
frader) a fiat money of "banker's credit"can be issued
- according to one of many different Teasible sets of rules
(a) if the bankerS' (accordlng to some appropriate criteria)
| are few in number they will be able to control the
money supply and spend tb81r profits on real goods
and services thusAcreatiég a positiVe rate of interest

on money.

(b) if the bankers are sufficient in number (and in the
appropriate sense turn out to be very like price naming
0ligopolists with excess capacity) the price of paper
money will be 1 - i.e. the marginal value productivity
of paper money becomes zero, or the rate of interest
is zero. | |

(e) if the rules are such that regardless of the behavior
of thé bankers there is not enough money this effects
the intertemporal boundary conditiohs of the géneral
equilibrium system and the rate of 1nterest on paper

money is positive.

These three results are obtained By the convergence of the core

of an approorlate no-sidepayment money game which is a c-game

and is in fact a market game.

(3) In an egconomy with perfebt trust no money is needed and

if a government wished to tax it would have to introduce and
fix a unit of account or tax in commodltles. Consider an eco-
nomy without trust but w1th enough bankers and monetary issue

that the bankers are powerless. Now we introduce a government
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policy which taxes in money each period and announces that

the money will be spent buying certain items at wha tever

their price happens to be until all the tax money has been
returned to the economy. The physical rescurces bought hy
the;govérnment can then be dumped into the sea or sent to
Vietnam so that they do not affect the individual utility
functions of the traders with public goods supplied by the
government. This in effect, enables the government to use

fiat money to remove real goods and creates an interest rate
for money equal to the marginal value of not having to pay
taxes. The leaving out of the public goods is methodoloqrcdlly
correct here in the sense voting @nd other strategic means

for determlnlng taxation and the nature of’public expendityres

are not being considered as part of this model.

(4) Consider an economy where there is no jovernment téxation.
but in which not only do traders not trust each other, although
the traders trust the bankers, the bankers do not trust the
traders. In this aconomy the benkers will require that the
traders give security on their loans. This security will con-
sist of real assets of long duration, preferably immovable
with not too bad a physical level of depreciation. The amount
of credit that can be secured against a real asset will be a
"trust parameter oftgsstem. As trade in this model is Sequen=
tial a feasible convention says that a banker will offer to
extend credit as a percentage of the last price that asset
traded at. In this economy even if the banking laws were

such as to make it feasible for the bahking system to supply

enough money it would not do so unless given its "trust para=

meter" there were enough physical assets in the hands of the
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borrowers. Thus this economy will have a positive rate of
interest where the marginal product1v1ty of money equals

the marglnal product1v1ty of trust.

_(5),Although inflation and deflation are hardly reflected

~in this statlc model it is conjectured that a failure by

the banklng system to mop up extra idle balances results
in inflation. However a failure by the banking system to
provide more funds when needed may not lead to deflation

but to stagnation or a failure to attain Pareto Optimality.

(6)A simple version of this game can bevplayed as a parlor

game; there is no uncertainty or psychological misperceptiohs.>

expectations etc. which are not modeled to the extent that

a computer program version of the process could not be cone

structed with relatlve ease.

(7) There exists a simple banking syétem requiring fiat

- money and bank credit (i.e. two types of paper money) and

at least 4 players (2 bankers and 2 holders of cash) that
will efficiently take up almost all idle balances, '

(8) In a money game the operations "minimize maximum cash
needed" and then "minimize idle ‘balances" are critical to
monetary control and the selection of 8 unique equ1llbr1um

point.

(9) In a money game with uncertainty, for an efficient banking

system a bankruptcy'law is needed of prices must be able to

change without bound during any period If forward delivery

contracts for commodities are allowed a bankruptcy law must

be sp601f18d




——

A_THEORY OF MONEY AND BANKING IN A
GENERAL EQUILIBRIUM‘SYSTEM

1. Introduétion

The phemomena of mpnéy, banking, taxation, and public finance

lare_comﬁlex in the extreme and deeply intertwined, In this
‘paper.an attempt is made to Separate out one aspect of the genew

“ral érea of finance. This aspect is the role of banks and fiat

money in ' a general equilibrium system.,

 The use of.tax revenues for public goods are not considered,

It is my bélief that governmental éctions cannot be viewed
adeqdétely without taking publicg goods into account, Decisions
concerning public goods call for?a non-market distribﬁtion‘pro-
cess. Here the discussion is limited to monetary and banking
modifications to g private ownership, private enterprise market
system. All the conditions associated with the existence of a
price system are assumed to exist _1/. In particulér increaéing

returns, externalities and other phenomena which may Bestrcy

’the'axistence'of an efficient combetitive~equilibrium are ruled

out.

In order to keep the mode 1 as simple as possible we consider only

trade or exchange leaving out.production, When the conditions far.

~an efficient price system exist it has been shown by Rader _g/

that any mode 1 Qf_an'economy invelving production and exchange
can be Tepresented by an equivalent model’involving only ex-
change. This is cone essentially by méking an appropriate transe
formation on preference conditions which reflects the ability

to produce. Thus our limitation to exchange economies alone ine

volves no loss of generality.




m f 2. Thé Basic Model

1 ,Thé‘basic'model presented here is given in the form of a

 game’that could éctually be played as a Cooperative game,

~ There are n+1 players; n players are traders 'and one player

is a banker. All of the players have utility fuhctions‘de-

fined on the m goods available.

For the sake of simplicity in the first model, durable assets
are ignored. This enables ds to avoid the'prdblem‘of evaluating

end assets "sfter the game is over", We return to the impore

‘tant role of long term assets in Section 7. This will include

a discussion of gold and other "near-money",

We consider a market that funmctions for T time periods.
During that time trade must take place in a given order, For
examble it may be necessary to pay the'workers and suppliers
of rew materials before selling the final product to the

market. The order will make somewhat of a difference to the

: strategic power of an individual playér because it will in-

~fluence his need for credit. However the general results

Will hold and the model is wel] defined‘for any order of trade,

We modify this assumption in Section 6 and discuss it inm detail,

It can be seen that the fixed‘time.pe:iods and order of trade

‘@ssumptions will imply-a fixed velocity for money. In Sectian

6 the velodity'of money is discussed. At this point, .I claim

~that it isbhot a pérticularly important issue in the under-

S%andingcﬁ‘banking, but becomes important in the understanding

of bad government finance when confidence is lost in "the

rules of the game",
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The key assumption is that as a rule of the game all pav-

ments must be made in a substance called money, banker's

~credit or "banker's gold”.

The banker is the only person in the society who is trusted
by everyone. He is in & position to extend credit up to a

point and is also 'in a position to accept deposits of money

‘from the traders if the banker and a trader cen work out a

_jointly profitable arrangement. The specifics ' of the rules

on the banker are given below.

" The requirement that all payments be made in money or banker's

credit is obviously a considerable simplification of reality,

"People do extend credit to each other and even barter an

occasions. HoweQer_this rule represents an extreme in the
level of distrust and anonymity. There is an old Yankee
saying: "In God we trust, all others pay cash", this rule re-
flects that senﬁiment. We return to a discussion of this

rule and possible modifications in Section 8.

A ciitical aSsgmption in the modeling of the game concerns
the rules governing the supply of money. It is assumed that
at the start of the game in the initial endowment of each
of the n+i participants is an amount Mi’ where i¥1,;..,n+1.
The initial amounts held by the traders may be regarded as

the supply of fiat money in circdlation. The amount held by

-the bank is its supply of loanable funds. In an actdal parlor

game of this system the bank may issue its own notes up to

the amount of its loanable funds.

At the end of the game all participants {(including the banker)
must return to the referee the amount of money (or credit) he
was given atithe start. The possibility of making the game of

infinite duration is discussed in Section 7. Heuristically,




the fiat issue plus the loanable funds are accepted by all
players as parts of the rules of the game in as much as they
represent faith in the government (the referee) and the banw

king system.

‘There is a further restriction on the banker. As has already

been noted the banker has a set of'preferenbés (represented
by a utility function) defined on the goods in the economy,
He is not permitted ta use his loanable funds to make pur-
chases to his awn censumption account. He is however, per-
mitted by the rules to spend, at any time goods are foered
for sale, an amount equal to the proflts he abtains from his

bdﬂklﬂg operations.

The actual game may be regarded as an n+1 person cooperative
game in Characterizing Function form )3/ The traders all come
together with the banker and Cooperatively decide upon loans
and deposits and the terms of loans and deposits. There ig

No _assumption made here that the terms to players need be the

same. After the agreements have been made, the strategic
aspects of the game are over. All players in a coalition naw
participate as price takers in a general equilibrium market

consisting of this CDdll\an.

3. The Genperal Equ1llbr1um Market with Temporal Budget

Constralnts

Suppose that we were‘to do away with the conditionvthat

transactions needed to utilize money. Furthermore let us

This form will be an adequate representation as the game
is a c-game or an orthogonal coalition game _4/. -
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'assume that everycne trusts everyane else and that we

banish the. banker from the economy. We are now left with
@ game with only one type of individual, a trader. If all
are constrained to act as price takers we know that there

Wlll ex1st a competltlve equ1llbr1um.

Let the endowments of Trader i in the n-person economy be’

given by._
A; & at the start of any period where
4 N
'i=1,‘od'-, FI; j:1,.uv., m aﬂd t=1,t;p. T'

The utility function for Trader i is given by:

y

HV (x* | eoxd
171,17 0 Ty, T,

The competitive equilibrium prices will be a solution tog

(1) Maximize y{ (xT s .oxt ) i=1, ..., n
: : i 1,1 m,T
- Yl m i, .
- subject to: i Z: t J,t - xj,t) = 0
te= J=1 .
R i i |
and z:: (Aj,t'- xj,t) = 0 for j=1, ..., m,

t=1, ..., T.

Now we 1mpose the condition that no one trusts anyone else

but ‘that by convention during the duratlon of the T time




periods they will use some pieces of paper as symbols of
trust specified by the ré?eree. They must return the paper'
to the refereévafter trading. Furthermore the first periad
price of Some commodity is set equal to ane unit of thisg

paper (the paper is legally acceptable for all debts public

- or private).

The paper is durable and lasts fraom period to period until

it is given back to the referee at thé end of the Tth time
period. If the initial Supplies to each of the traders were
Mi then the competitive equilibrium system, instead»qf having
one budget constraint for each trader will have T budget cone
straints; one for each period. The specific boundary con-
straints will depend upoﬁ the order of trade as well as fhe

amount of money.

Even without writing down the constraints we may immediately
note that if every trader is given "enough" money then the
constrained optimizationvsystém becomes the same as the system

given in (1) which has only one budget constraint at the end,

If we adhere to the convention of regarding this model as a
parlor game then up to this point it will have two unsatis-
factory but at least well definéd features, If we give any

of the players too much money they will merely keep it as
idle baiances until the end of the game when they are forced .
to give it back to the referee. This is based on the assumpe~
tion that even though a trader may have surpius funds during
some time period he is not permitted fb lend it to anothér.
He can do so fhiough an intermediéry; but for the moméht
banks do’not exist hence he cannot make loans., (The possi-

bility of inflation due to idle balances is discussed in 6.2)
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If, in this model we rule out simultaneous trading (i.e.

barter) then if there is No money available whatsoever then

‘no trading can ﬁake place ‘and the individuals merely can

échieVe the utility level of their initial endowments. This
is obviously unrealistic. If no money or banks existed the
individuals would resort to barter‘until they had time to

organize the money and banking system,

If the referee in this parlor game wished to have it achieve

n-person, full-trust, Pareto optimality, he could do so by

"solving the system given in (1) and determining for each player

the maximum amount of money he would need (if he had to trade
in money) so that only the fipal constraint would be effective,

Thus there will be some set of numbers (M*; M L. M:) for

of trust gives the same outcome as the economy with trust,

In this economy however most of the time most of the plavers
will hold idle balances. The referee could avoid this by gi—.
ving out and taking‘away fiat money all thé time - but this
is a poor model of process. (Except when we add considerétion
of taxes, this is done in 6.2.). Anyvhow- a bank could do it

and that should be a role of banking.

In order to complete the model of the economy we add the‘
banker. He performs the services of both lending aﬁd borrow-
ing. If thereis no fiat money out in circulation and he has
adequate loanable funds, then he has enormous power. He con~k
trols fhe-output of the economy all the way from blocking
all trade' up to the values obtained from an N-person economy
with trust. If the traders all have fiat money in supply
greater than or equal to (M?, MSi cee, M:) then the banker

is not needed, "trust symbols" are a drug on the market and
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@5 no one needs to borrow,the banker does not need deposits,
Anywhere between these two limits there will be a pdeUCtIVE

role for the banker.

We must note however that when we discuss Pareto optimality
in an economy without trust and with a banker we are talking
about Pareto optimality in an n+1 person economy. Furthermore
it is important to remind ourselves that the banker is pro-
viding a vitsl productive service to the economy - that is

the service of»trust.

In‘summary, we have joined,togetﬁer a money and credit coopera-
tiQe game with a general equilibrium'system. The game is the
bargaining for loan énd deposit conditions and terms. Given
these then there remains the'solving of a set of general
equilibrium systems associated with each of 2n+1 sets of
individuals in order to determine the blocking sets for the
n+1 individuals where the financial moves have been reflected

in the effects on the 1ntertemporal budget constraints on all

players.+)

4. The Core of a "Money Game"

In this section we limit our discussion to the case in which
there are n (n 22) traders but only one hanker. This of course
will immediately 1ntroduce the aspects of monopolistic power
of the banker. In Section 5 more than one banker is intro-

duced and the power of monopoly banking attenﬁuates.

There is an additional difficulty which has nat been SECCOUN=
ted for in this analysis. That is the rale of multiple equi=-
libria. This is discussed further in Sertlons 5 and 6.2.

and is more formally treated in the Appendix by minimizing
cash needed.
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First, in order to provide a little more insight into the
nature of the model, before dlSCUS%lnq the genera] case, we
calculate an example 1nvolv1ng two traders, two goods and a
dnksr Without the need to trade in meney and without the
banker this would give us the familiar barter mode 1 treated

in the Edgeworth box dlaqram _5/.

4.1, A Simple Market with Two Periods, Two Traders, Two

Goods and a Banker

For simplicity we assume that all three players have the
same utility functions. given by y (x ,yi) Their initial
endowments are: (A,D,M ) (0,B, M ) and (0,0 M3). During
the first period, by law the mcrket price of the second

CDmdeltj is fixed at one monetary unlt

The three players begin by deciding upon the size and terms

of any loans and deposits. After this has been done a general

equilibrium mechanlsm takes over.

The first‘trader (and the banker, if he has earnings from

a loan) buy from the second trader to start. Then the second
trader and banker buy from the First trader. After this they
return M1,M2 and M3 to the referee hav1ng settled Uup pre-
viously with the banker,

Suppose that M1 is not suff1c1ent for the immediate pUT=-
chases of the first trader. He borrows b from the banker on’
terms that call for the repayment of b + r by the end of

the second period.
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The conditions for the general equilibrium model are now

specified for all three participants if the banker does not

‘have enough to loan he may pay the second trader an amount Q

for the use of his deposits which he returns at the end of

the last period.

First trader:

(1)+) 'maximize ¢HXV%)

(2) subject to Yy =M + b - l‘1v, y1>D

(3) and p(x2+x3) =y, -1, =0

where r, + r. = r

1 2
Second trader:
(4) o maximize V’(xz,yz)
(5) subject to PXp = Yy + yq + ¢ and X5 =0

(In this simple madel the second trader will never need to
borrow as he sells before he buys. He will either lend or

have idle balances). .

Banker:
(6) maximizev¢/(x3,y3)
Pxg & 1, - ¢,
(7) subject to PXg + vq =g where x3,y3%(]

_.—.—u-——-.u..—-—----——-—_.---a——--—-..-——._—-.—.—-..—-——.-—
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and g = 91 + ?2 are the paywments of the bank to the depositor

gach period.

For all of the participants:

When the banker lends the amount b during the first period
he may ask for the interest on the loan to be paid in two
instal_ments r, and r,. The payment of T

1 2 1
amounts to an immediate discounting of the loan hence the

being immediate,

borrower only obtains b-r,. Similarly the bank could pay

1
an amount on deposits instantly. The bank and lenders and

borrowers set these terms cooperatively.

A reasonable convention to follow is that the bank may
spend any earnings up to and including the current period.
Thus the strategies are extremely closely related tocash

~ flow.

We take a simple example ¥ (x,y) = {xy for all partici-
pants. The following values give the general equilibrium

conditions:

(B~r)

to
]
2]

(10) X =

N
w {>
<,
i
Nl

X
i
tu
ol =
«
N
I
o
"’l’;

r-p) A Vq =
3 Sy 3
A

~N
X
1]

t
H
.




,/\\\

-12=-

(13) Py = B/A and. (14) Py = 1

for (15) M1 { B/2 where we assume

3

(16) S oM.z B/2.
4 1
1=

The condition (15) establishes that the first trader needs
to borrow. If he had more money'than B/2 he would not need

the banker although he still might be willing to pay him.

Condition (16) states that the traders and the banker have

enough money between them to cover the needs of the economy.

The general equilibrium solution to the two person trading

game with the traders trusting each other is:
1 1,[’"'vv :
(17) ('2‘ VAB, '5 ]AB) Py = A/B anc% p, = 1.

Without trust and with M, % B/2

1

[ABMORS JRTER T .
Yol 1 Vo—_— 1 i i =
(18) ( { A , (k 5 which is 0 for M1 0

\

and as in (17) for M1 = B/2.

When one banker is introduced, his worth to this markef is
a function of M1 and M3. Suppose that D.-/:M1 £ B/2 and

M1+M3 = B/2, then the contribution of the banker is given

by the difference between (17) and (18).

Break M into F+E where M1 + F = B/2. The amount E is

excess loanable'funds and will never be used.
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We have observed thaihonly in equation (16) is use made

of the sum MZ' This is the amount of‘money held by the se-
cond trader. He is given it by the referee at the start
and must return it at the end. It stays as "idle balances”
during the market periods or he may lend his money to the
bank when he does not need it. In the example with two
traders if M1+M3 = B/2 then M2 1s never needed, otherwise

it is.

Our simple example with %%x,y) = |xy 1is picked for ease
of computation with A=B=1 we obtain further simplification.

In particular the equilibrium prices will always be (1,1)

Figure 1
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when resources are (1,0) and (0,1) although monetary con-

straints will limit the ability to buy.

As can be seen from equations (10) - (12) the optimum

. .
schedules for r1, r2 and 81, §2 are r, =TI, =5 and
?1 =g, = /2. What limits should. there be on r and ¢. -
Only one imposed by needed logical conditions will be used.

As we assume X. .20, «1< po%r <.
‘ TiY yi=4 = g =

- There may‘be some difficulty in interpreting market behaviar

when 91 = -1 and r1 = 1f This is when the banker gets the
use of possibly more than all the money in the economy. Both
traders agree to give him 1 in exchange for nothing. He dise
counts their ﬁoiessimmediately taking % each for the first
period. Thus he enters the first period with a buying power
of 1. He obtains the 1 the second period by having arrénged

a loan of 1/2 from trader 2 to trader 1.

If the above scheme is allowed then all divisions of payoffs

)

can be achieved'’. If we impose that at no time shall more

than the total amount of cash and loanable funds be spent

then the bank can never obtain more than that number as a

payoff. For example if M1=M2=D,M3:1/2, the bank could'oniy

‘obtain at most 1/2 by sequentially lending each individual

1/2 to be paid back at the end with an interest payment. of
1/2 immediately.

S s R M G e ovom | MR Gcte et e RO e R een  mes  eeme Gmn e s Ges  Eme e e deue e r e e e

~In this case the banker must be in a position to create .
twice as much money as the economy needs without him.
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Game 1  (1,0,0), (0,1,0) and (0,0,<)

-15-

In order to explore the implications of money and banklng for
this three person model we examine four different games

The triad (X,Y,M) stands for the initial resources of the
first and second goods and then maney. Each game is repre-
sented by three triads, the first gives the rescurces of the
first trader, the next, the second trader and the third the

banker.

In all of the games the price of the secaond good during the
first period of trade is set at one unit of money. Flgure 1
shows the Edgeworth box for the two traders. T is the no trade
p01nt E the competitive equilibrium and CC' the contract

curve,

1
2

In this game the banker has all of the credit. There is no

money out among the traders.

Game 2 (1,0,1), (0,1,0) and (o,o,%)

2

In this game the first truder has sufficient cash for his

trades ., the banker has loanable funds up to the amount %

- As we shall see, he is not needed.

Geme 3 (1,0,0), (0,1,-,}-) and (0,0,0)

Here the second trader has some, but not enough money for the

economy-,

Game 4 (1,0,0), (0,1,%) and (0,0,0)

Here the second trader has enough mohey, the bank has>nothing,

but in order for any loans to be made the second trader will
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(1,0) A
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have to deposit money in the bank and the banker will make

the loans..

We are now in a position to examine the relevant feasible
sets of outcomes and the Paretg optimal surface of these

games prior to constructing the characterizing functions.

First, if the tra derq trusted each other, did not need money
and were not constralned by the rules of the game to act as
mechanistic pricetakers, then the Pareto optimal surface would
be a straight line AC in a two dlmen51onal payoff space as is
shown in Figures 1 and Za. Any of the outcomes in DAC would ‘

be feasible. Trader

(0.0 A
£
- ¢ (co,1)
0 0,
' (0,1) Bankef'z ’
Figure 2a v Figure 2b

If the traders do not neéd money, but are constrained to
act as price takers then the outcome E is the only feasible

outcome and hence is Pareto optimal in this game.

In'game 1, if the traders needed money but were not constrained
to using a price system (here the role of the banker would

have to be regarded as that of a catalyst, or in "blessing"

the transaction) then any point in the tetrahedron OABC

in Flgure 2b is feasible, and the Pareto optimal surface is
ABC If, however the traders and banker must first get to-

gether to decide upon loans, after which the distribution
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of resources is done by & price system, then(bevond ng trade)
the‘feasible set of outcomes is ABC as shown in Figure 2b.

All of them are Pareto optimal.

The following notation is used for the four characterizing
functions. V(1) and V(ij) stand for coalitions consisting of
the set of player i and players i and J+ In general a coali-
tion can achieve a set of outcomes. Each member of the set is
a vectar containing as many dimensions as there are members
of the coalition. A single outcome will be noted in a manrer
such as (a,b) and a set of outcomes may be noted as |

{(x,y) : 0 ¢$x ¢a, 0¢ y & b% - The banker is the third
player,

1

‘Game 1 (1,0,0), (0,1,0), (0,0,1)
V(I) = {(D)} for all i
VIT2) = v(T3) = v(Z3) = {(0,0)]

_..u..._..-...._..——..—.....__._.._..._.-—....___.._—_.__.—.._-._-._._.-—._—.._.

We are faced with a praoblem in modeling which illustrates

the "quasi—transferability" of money. Strictly this is a
no-side payments game. However the bank can make sidepay-
ments in the sense of the rates it charges or gives on loans
and deposits. If we do not restrict these, then under certain
circumstances a set of players may be in a position to '"hold
up" the bank for a money payment for its services in a coali-
tion which does not involve these traders depositing any
money in the bank. We could impose the condition that the
banker cannot be "blackmailed" by traders for money payments,
and vice-versa. If we did this then in Game 1 the characteri-
zing function would have a different value for V(T23),

. /p.20
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2 L
VIV = {(0) for i=1,2,3

: r by r .
V(123)+; {k?i,“gg, 3;). 0 ¢€r., € 3 for i=1,2,3 and
3
ey -
i=1 7t

In Game 2 the characterizing function shows that the banker is

not needed. The economic goals of the traders are not furtﬁered
by the banker's presence. This game has the unique outcome (%,%,U)
which is the point £ in Figure 2b and coincides with the two
trader complefe trust competitive equilibrium. This is to be
expected as the first trader had enough money for trade. This-
single point is also tﬁe core _6/. The core consists of a set

of ocutcomes (or imputatiens of wealth) for which’no set of indi=-

viduals in that economy is effective. A set of individuals is

~effective with respect to an outcome or imputation if by refusing

—.—--—--——-—.—.—..__—-..-—-_—.—-...—.._-——--——--——-—-—.-—-—_——-—

and the Pareto optimal set is GE as is shown in Figure 2b.
The position of the second trader is improved as he is not subject
to blackmail by the first.

The subsequent theory does not depend vitally on this slight
difference in the modeling of the characterizing function. The
less restrictive assumption is made in the exploration of the

* There is now enough money for all points on ABC to be feasible.’
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to cooperate with the others they can obtain for themselves

more than they would obtain if they accepted the outcome under

‘consideration.

Game' 3 (1,0,0); (0,1,%) and (8,0,0)

4
Vi) = {(D)j kfor i=1,2,3

V(TZ) = V(T3) = v(Z3) = §(0,00]

This is based upon the bank being unable to create money. It takes
the 1/4 from the traders of the second type and pays % =,?1+,f2

< and lends them to the trader of the

' 1
for them where ~7 —~?i‘

T

1, .1 ]
s = -, &r, £ T .- Q.= T
first type for r r, + r, where 7 r, 7 and r. 4?1 7

In general for the game (1,0,0) (0,1,M), (0,0,0) where M 21/2:

\

V(T23) :{I'ﬂ(1-{ Mz f) M-z, ), «(M+?z)(1‘iM“§1jf, ‘J(rz'jﬁ)(r1"§;?1
T+ ' < M fi = and -M éri.C_M; -M éfiéMj

The Pareto optimal surface has been shifted inwards and is no

longer flat in Game 3. Its vertices are A(%,D,D); B(G,%,D) and
N 1 . . ' ,

C(U’D’Z)‘ The midpoint on AC is D(%E;%j’,ﬂ). These points are

shown in Figure 3.
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Trader 1

Trader 2

Figure 3

Game 4 (T,D,D), (0,1 l), (0,0,0)

' 2

This game is strategically equivalent to Game 1 and has the same
characterizing function and core. If Trader 2 were both a merchant
and a banker he could finance trade. But he needs the banker angd

so0 his cash is of no help to him withaut banking services.

All of these games are "veto games" except Game 2., The coopera-
tions of all three players is required otherwise they obtain
nothing. This Changeé as . soon as there is more than one player

of the same type,

'4.2. General Dbservations‘

The market with n traders and one banker always has a core.

Give the banker the difference that he makes to the Economy by
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~his presence. There will be no effective set to block this

imputation. The banker cannot demand more in any coalition

that he is in. Any coalition without him cahnot obtain more.

This includes the ctase where he makes no difference. He ob-

tains zero in the core.

There is an optimum amount of money needed for the economy

in this model. Given that a price is fixed in terms of money

durlng the first trading period and given that all initial
endowments of fiat money and loanable funds must be returned to
the referee at the end of the game and that trading takes places

in fixed intervals this creates a need for a specific guantity

of money. (For further discussion and an extra condition see

7.3.)

The optimum amount is calculated by solving the unconstrained
competitive equilibrium without the banker with the price of

a unit of the first commodity traded fixed at a unit of money.

The largest amount of money ever needed to completely relax the

- period by period budget constraints is the.iargest amount that

the economy will require. The bankihg and monetary system reqire-
ments are that the sum of issued fiat money and loanable funds

be equal to or greaterthan this amount.

If all of this emount is issued initially to the traders as fiat
mohey, then the bank's role will be confined to being the broker,
i.e. it will accept deposits and loan them out. In this system,
the referee not the banks "creates money” (if discounting is con-
trolled). Even the referee is limited if we impoée the'condition
that the money must be given back at the end of the game and that
an initial:price is fixed in money terms. Suppose that the referae‘

were to give every single trader in the economy more money than
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would ever be needed to rélax fhe boundary constraints on

the T period optimization problem. Most of it will merely

lie around as idle balances w1th a pr:ce of zero. No one needs
to borrow, hence the bank will pay nothing on dep081ts and

make no profit whjtsoever,_The 1nd1v1duals might be able to

'inflate the price system. In 6.2. a way of removing idle balan-

ces from the economy is described.

If there is only one bank there will always be an imputation

in the core that gives the bank a profit as long as there is

at least one trader who does not have enough money to meet

his intertemporal cash flow constralnts, This is on thF assumpe
tion that traders do not make loans to each other dlrectlv but
are conqtralned to d8p051t and borrow via the banking system.
This state of affairs changes drastlc lly when there are two

or more banks.

Suppose that there are n typeé of traders and a banker who has
enough money M¥to supply their needs. Consider k traders of
each type where k —— o< and and where the banker now hés kM *

in loenable funds.

We observe that by the formulation of the'model, at the same

period any good will have the same price to any customer. It

~also follows that the price of money will be the same to any

. customer of the same type durlng any specific tlme period. If

it were different, a coalition. between the banker and borrowers

eycludlng the lowest price borrowers will be effective. The

_same is true for lenders, however with a monopolistic banker

'there is no effective coalition to make the borrowing rate

equal the lending rate.
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4.3. A Simple Example Revisited

“Consider GamP T of 4.1., the optlmum amount of maney needed

- for the game with k traders of each type and ane bmnker is %.

If initial conditions wers (1,D,M1), (U,1,M2) and (0,0,0)
where M1 + M2 2 % the bank would act as broker,

S 2k

1 1 1 1
If M1 2 S the core is the point (E CIRRE 2,0) and the NZ and

the excess of MT over % lie as idle balances until given back
to the referee at the end. If we wished we could consider them
given to the bank as interest and charge~-free loans to be re-
turned at the end (this is not too far from the state of
affairs in Swiss bank deposits on some occasions) .

Given 0 & M, < % and k traders of each type and Z:: M, > l,

1 £ i 2
then as k—-»oothe only point in the core is: i=1
o N _ _ S )
(A G, om0 3 CNTRO s M)

The traders can enforce {M1(1—M1) each by a coalitign eXx-
tluding the banker. Any imputation which gives a trader of
either type more than this amaount will be dominated via a
coalition with a profile of (k=1,k,1) or (k k=1,1) for a k
sufficiently large. Consider | y (M, + *)(1+ -M );;..k(%;M &Y

12 2 1 1
as a point in the core. The coalltlons with the above profiles
can obtain (15Y,1£g,,~ (Zk 1) g For domination we need to
select

"1“‘;%7{(1“41‘&%)(“-5‘—6‘41‘) andV:

{2k=1) o\ 1 N
5 3>“k(2-M1-E) Dr3>(2k—1)(2-M1~€’)
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both of_which can be satisfied. For M =% these become

, 1
\y) 1- §+€2+2£ and f > l -€ (when k is large). This glves

the banker hlS monopoly proflt modified by the possession of

cash by the traders of the first type.

A somewhat” counterintuitive feature of the Core emerges.

The traders of each type are treated the same. They share in
the good fortune that flrst set of traders have some cash.

Symmetry applies in this- dlrectlon because if the first traders

~have cash they can pay the second traders who then have cash

to pay the first traders during the next perlod Symmetry also
appears in the loan negotiations. The second set of players
pay half of the total 1nterest rate of the loan to the first
as they both equally need the first traders to have enough

~money.

If we merely sw1tch the ownership of the initial supplv of
cash from traders of the first type to traders of the second
type, all of the traders lose thelr advantage. Consider the
game (1,0,0), ,1/4),(0,01/4) thls is almost strategically
equivalent to the game (1,0,0),(0,1,0),(0, 0,1/2). As the number
of traders becomes large they both have the same limit core

of (0,0,...,0,k/2).

Returning to Game 3 and Flgure 3 the limit of the core here

is (0,0,...,0,k/74). The dlfference between this and the

previous game is manifested ‘in the shortage of money, The

_banker cannot exploit the traders as effectlvely w1thout ille-

gallj creatlng money

The games selected for the calculatlon of examples were simple,
In particular the relative prices do not change. It should be

noted that in general when the banker (or bankers) earns zero

‘then ‘the relative prices for actual commodities will be the

Same as in the barter economy. This is merely anothe:,way of
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Saying that the e€conomy has more than the number of trust uynits
that it neéds'in the hands of the traders and hence none of theg

intertemporal constraints are effective.

When,'owing to oligopoly power, or to an actual shoftége of

money (failure of the referee to name a big enough number),

then bankers make a positive profit (using the limit of the

Core as our solution criterion) their'purchasing power then

enters the economy and the number of players with effective
demandihcreases. Obviously when we think of the number of
bankers needed relative to the size onthe economy, the in<
fluence that they will have in general on changing the rela-

tive price structure will be slight in moét instances.

9. Two or More Banks in  General Equilibrium

5.1, A Preliminary Comment

It is my belief fhét there aré two conflitting poor styles in
Economic fheory. The first style’has‘its\prmponents call a

few casual‘conjectures, a theory and s Casually stated asser- 
tion,_a theorem. The proponents of the’dther style believe in
a procédure which isg alsoinotmnecessarily desirable. Con-
ditions must be stated so clearly and theorems proved sg care;_
fully from thevvery start that étatements involving insight
and intuition are utterly inhibited jif one tries to obey

all of the methodological rules of the fraternity.

In this discussion of the rolabof money and banking in a
general equilib:ium system I am acutely aware that eventually
levels of rigor which I have not ﬁet, need to be met. My
stress is on the formulation.of the appropriate models in the
belief that the needs for complete rigor ban'be met later

without substantially changing the argument in this paper, In
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order to stress this point, in the main text nothing iSlebeléd

-as a theorem. In the Appsndlx the more formal model and several

theorems are given. Even there I label them as "C-Theorems"

where the "C" indicates that I recognize that even these may

-need a samewhat tighter formal demonstration than is pro-

vided,

'5.2. The Core of s General Equilibrium System with Banking

A "Money Game" with n ﬁraders and b bankers as described in
Sections 2 and 3 always has a core. This follows immediately
from the observation that the game may be r&garded as a
market game 1/ -8/ with n+b traders trading in T commadi-
ties where the commodities are money with different dates.

This is shown formally in the Appendix.

5.3. The effect of Two or More Banks

The effect af ollaopollstlc competltlon ameng the banks is
essentially equ1leent to oligopolistic flrms with cbnstant
average costs (the cost of produ01ng" the line of loanable
funds given to them by the referee) and a cdpa01ty limit

(the size of their loanable funds) .

Two banks and "many" banks are. all that are needed to dembnstrate'

the most relevant propertles

Let the supply of money issued at the start to the n fraders

1, 2’
to .the banks be 81 and B

be: M, , M M ...,Mn and the supply of loanable funds granted

2'
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Excludlng the bankers from the ECOnomy we can calculate the

largest amount of money ever needed by sach trader so that

the n traders could obta:n an unconstralnPd Pareto othmum

‘We call these amounts M » they will of course depend upon

the order of trade and the initial dlstrlbutlon of fiat

money - but qlven these fixed - the_calculation can be made.

- The power of the bankers will depend heavily upon the size

of M%, the sizes of M., M., M_,... fand B, and B and their
i 1 2 3 1 2
distribution. There are several different cases and we. list

them belows:

Lase 1 'Mi_> M;l Here the power of the banks is zero. They are

not needed. There is enough fiat money in the aronomy for the
traders to achieve optimality among themselves without ban-

king services.

If we wished +to 1ntr0duce other frictions such as danger af
theft, account keeplnq, transactiaon simplification and so
forth then the banks might still mop up the idle balances
that are around. But the prlce paid for deposits would be
sllghtlv negative and equal in value to the other banklng

serv1ces being performed.

Case 2 There w1ll be & number M éif: M that is the largest

amount of money needed in the S i=1 economy if traders

with short term surpluses can lend traders w1th short term

deT¢01ts v1a the banks.

n

~Suppose that 5 Mi 2 m* then the banks are‘needed only to

cct as the i=1 agents through which loans are made. How=-

ever it can be seen that the rate on dep051ts Wlll always
equal the rate on loans hence the banks make no prOvlt

Suppose that thls were false Then there might exist two
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different rates, but then it would e;ways be possible for

the bank with the lower "spread” to form a coalition. to do-
minate any imputation suggested by a coalition with the

other banker by taking some of the latter's customers

‘and splitting the difference in the spread between himself

and them., As‘long as the spread is greater than zero, by

kundercutting the spread of the other even by a slight amount

the bank should be able to entice away all of the other's

bustomers. The banks are selling a homogeneous commodity each

with enough capacity to saturate the market.

‘The core of this game gives the banks an imputation of O each,

Although the deposit and loan rates are the 'same and the bhanks

make no profit, this does not mean that the rates are also
zero. If one private individual has been able to corner all
the fiat:money supply then he can certainly demand from the
banks an extremely %arge rate Dﬁ his deposits, but the banks

will pass on this rate to the cusfomers.

Caée 3. B, 2 M® and B2 2 M* : This case is not unlike Case 2

1

inasmuch as the banks will make a zero profit in the core,

There is a zero rate on loans and deposits.

Lase 4 B1 + B2 2 M¥ but B1 <M and B2< M, There ére

several cases depending upon the supply of cash in the hunds

of the traders. We will deal only with the 51mplest Suppose

~that the traders had no cash whatsoever. Any vital coali-

tion must have a: banker, however dlthough two bankers are

desirable as B < M¥, because B1+B2 M™ they have surplus

funds between them. The coalitions contsining one banker and
all traders will be effective in cutting down the lengths of

the core. It will shrink with the size of the B until when

2)
the B M the bankers (not unlike Bertrand duopollsts) make
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~no profit in the core. As long as the B < M then there exist
'polnts 1n the core at which the bankers can make a proflt by

.paying less on deposits than they charge for loans. Although

th&rP is more money available than the economy needs, they
control it ell together and as a pair they can Jointly ex-

ploit their joint monopoly power measured by the gap
W
M -~ max [51,B2]

1

n ' n .
o S5 x x,
Cose 5 By+B, < M* but B +B+ in:{MigM and ;Mi(M .

This splits jnfo‘three cases:

(i) B +2Z:W 2 M* for j= 1 or 2

! , -
(ii) B .+ M.>MX but B + M.>SM*
IR >

1 k

: n . o
and (iii) BJ.+ ;Mi < M*,

In the first case it can be seen immediately that the banks

cannot earn anything in the core. A coalition of one bank and

all traders blocks this. In the second case the big bank can
make a profit in the core, and in the third case both can make

a profit.

, .
Case 6 B,+B +'Z M,( Mz In this instance there is a money
i

12
shortage in T the economy Extra money has a positive

l'marq1nal value product1v1ty There exist points in the core

at which the rate on deposits does not equal the rate on loans,
Furthermore st the worst point in the core (from the view
point of the bankers) the rafe'0n loans is not lower than the

marginal value prodUctivity of MUney;

We now state generally and sketch the proof of & basic theorem,

Let there be a market lastlnq for T time- perlnds. Let there be
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n+t. types of plavers. The first n types are traders of
dlfferunt ‘types and the last type consists of bankers., Let
there be m commodltles in ‘the econgmy. Each 1nd1v1dual of

type i has a utlllty function defined over the amounts of

Veach commodlty J consumed in time t, i.e. a function of
the form: yV'(

~and twice dlfferantlablllty of these functions. At the start

i i - .
X 1,x2 L R T) We assume convexity

of trade eacth individual is given his schedule of “Robinson

Crusoe” conditions, i.e. those amounts of the varicus goods

that he will have ‘at the start of any period without trade.
Trade is sequentisl, i.e. only one type of trader is per-

mitted to sell his4goods,at any time (trahsshipments are also

ruled out - in the sense that a trader of a specific type

~cannot buy from snother from the same -type and sell those

goods to a.diffsrent‘customar in the same period). All trans-
actions have to be cafried out with goods going in one direé-
tion and cash gbing in the oéher. After trade the goods are
cansumed and do not appear as transformed durables during

the next period. Except at least one commodity can be shipped

forward for later consumptlon.

There is an m+lst commodity called money, cash or banker's
credit;‘Thié commodity is durable and is handed Ouﬁ to the
traders and bankers at the start of the game. It can be
transfemed between the players; indeed it is their only legal

tendér..After the game is aver eadh,player must raturn to the

~referee the amount that was originally issued to him.

The banker is a priVileged- player only he can lend money
and accept deposits. All k(n+1) players come together at the

start to play in a cooperative nosidepayment game. This game
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consists of deciding'upon loans, deposits and schedules of
payments émong the players.‘After these 'have been decided ail'

of the players (bankers included) enter into trading markets

7,ds passive price takers. The traders can buy or sell accor-

‘dlng to thblr initial physical endowments and" loan and repay-

ment Schedules, whereas the bankers are permitted to spend the
agreed upon proflts from their loan and dep081t activities,

howevar, no sooner than they are obtained.

" The price of the first commodity to be traded is fixed during

the Ffirst period at one unit of money per unit.

Given that there . is sufficient money in the economy (where
"sufficient" 15 defined below) the core of the game with |

k(n+1) players converges to a subset of the competitive equi- -

nllbrlum points of the game with only the kn traders as players

and no monetaly restrictions on trading. ie.in the limit the

bankers in the game with k(n+1) players obtain nothing.

Suppose that the ﬁrading mgrket unconstrained by nonetdry cgn=-

‘dltlons has s competltlve eqU1llbr1um points. Suppose that an

order of trade has been astubllshed then there will be a mini~
mum cash ‘requirement 858001atad W1th each of these equilibrium
points. i.e. an amount such that the unconstrained Pareto
optlmum could be obtained if this. money were available to the -
kn traders. Call these amounts of money M1, M;,...M;, where

M: < M2 Mj,... —M i.e. Mr is associated with the equilibrium
p01nt which requ1res the least amount of money to finance and

M: is the largest amount of money ever needed. We say thmt an

gconomy has sufflclent money if it has at least M1 .

Comment: If the monetary requirements of the different equ1ll~

brla are strlctly dlfferent, then by selectlng the amaunt of
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monéy be less than M2¥ it is conjectured that the cofe;will

‘consist of‘qnly one equilibrium point, That équilibrium'point

which-ié;characterized'by the property'thatkit requires the

minimum amount of "trust",

‘Supbose fhat the‘amo@nt of money available is more than. or

equal to,M;'. Consider any imputation which gives a banker a

finite profit.,The coalifion of all traders and all but one

banker will egither have ‘enough ar too much money in which

case the bankers' profits ‘must immediately be zerc in the core,

If this coalition does not have enough then as its size in-
creases 1t gan cmme‘é:bitrarily ciosa to the imputafion that
can be achieved with the extra banker. Thus there‘will alsways
exist some k such that tHe coalitions of all players leaving
out one banker with a finite profit dominates any imputation

in which he obtains the profit,

Once it has beeh shown that the bankers make hb profit it

remains to establish that not only are the deposits and loan
rates the saha but tﬁat they are zero. This can be done by
cdﬁsiderihg?tﬁe domiﬁatibn possibilities of the different

sets of size k{n+1)-1 whére we exclude a single player of any
type if he'is being paid a positive rate on his'monetary transf

actions.

'vComment: If we restricted the amount of money to be less than

M: we will not obtain the above results. Given that the game
1s a market game both parts of this observation immediately‘

follow from Scarf's theorem_g/; IT the amount of money available
, e
1

in the écbndmy is less than M ‘
set of competitive equilijbria in‘a k(n+1) person economy where

the core will converge to g

the_bankers will each obtéin és-theii'payoffs:ah amount equal
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to the marglnal value product1v1ty of th81r 1n1t1al ho]dings
of loanable funds.,

Game theoretic:con iderations show immediately than when there

is more than enough money in the economy, then depending upon

o the amount and dlstrlbutlon ‘as numbers grow, at speeds vary-

ing from immediately teo quite slowly thc bankers will obtain

nothing. The marglnal worth of money is zero and the rate of
1ntbrest on loans and deposits is zero. When tharb is- in-

sufflc}ant monaJ there will be at least one imputation in the

core which gives the bankers some spending power. As soon as

thls happens the approprlate market game model is one with at
least n+1 commodities and k({n+1) players, and as k—aeothen

the core of this game cunvargaa to its competitive equilibrium
polnts as has been shown by the theorem of Scarf. Thus a prlcek
for money emerges which is not QUltL the price dlctatad’by‘the

marginal value: productivity in the kn person game but by the

- marginal value productivity in the k(n+1) person game.

As can be seen by the example in 4. 2., the payments among the

different groups do not quite conform to our ideas roncarnlng

interest rates on loans and deposits. In partlcular in the

‘example below the banker is able to levy a "tax" on players

~of  the second type for what appears to be no service whatso-

ever. This is npt qu1ta{accurate. If the banker fails to lend
to the traders of typé 1, then both types of traders suffer.
hence in a cooperative game both should be willing to bear

part of the cost of thelman.




S5.4. A Simple Exémble Bevisitqg

Consider-Géme 3 where the initial distribution of resources
was (1,0,0), (D,1,D) and (0,0,1/4), Let there be k players

| B R i
of each type. The core‘of this game is (3,3,...,3,3,,..,12,12,.‘.),

The core is part.of the line

.

[QEENTE R i 4 S 0o < :
.i\}’(a"z)(d-z), * e sy v o oey 2,2,5.0)0 D—'y-v 1/4&.

e

TheucoalitionVV(1 2) can obtain ﬁl%7z l—ﬁ. E- Z): 04.7 < 1/2}
‘ 2 trmbo gr Pl A0S

which dominates imputations with ¢ Z 1/6.

The equivalent model is given by:

yﬁ(X,y,m) = mein[y,m]
y%(x,y,m) = ]%in[&,@]y
and . 9%(x,y,m) = Vmin[x,ﬁ]miﬁ[y,m]

The price of money is P3 = 1 both traders pay 1/6 for & loan

4 12

of (+-1oy L /6.

2.5, Money and the Rate of Interest in an Economy with Banking"

We are now in a position to summarize our observations from
the investigation of the "money game",

(1) The rate of interest will he zero if there is always
"enough" money and there is np oligopglistic powgr held by

the banks, The gutcome will be Pareto;optimal and acompetitive

equilibrium point in the n trader game.
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(2) Even if there is enough money, but the banks have oligo-

poly paower, then the outcome will be Pareto optimal and a com-

petitive equ1llbr1um point in an n+b person market. The mar-

ginal value productivity of money if appropriately distributed
would be zero, but the banks by the use of oligopoly power can

create a shortage and hence create a positive shadow price for

more money capacity in the economy.

(3) If there is not enough money then the banks can always

obtain at price at . least equal to the marginal value pro-

ductivity of money.

(4) "EnoUgh money"” is enough to satlsfy the demands durlng the
T time periods without hitting an intertemporal budget con-
straint. There will be some minimal amount which w1ll just do

this, if correctly dlstrlbuted.

(5) In this formulation the quantity of money is constant

and velocity fluctuates in the sense that almost always there
are large sums lying about as idle balances. Although these
appear to be counterintuitive results, I believe them to be
correct. A flexible reserve banking system is needed to get rid

of idle balances (as is argued 1n 6.2.) and velocity is more

or less an lrrelevant gquestion (as is argued in 6.1. and in

6.2.)

- {6) If the economy were growing constantly during the length

of the market periods, in this formulation this would imply

a constant growth in the need for money. If the referee issued
enough to Cdver the heeds for the whaole time at the start, ‘
then almost all of the money would lie around in idle bélances
until the last period when it would all be needed to satisfy
the last intertemporal budget constralnt Reserve banking pre-

vents this.




_(7) There éppears to be no economic reason for there to be a
shortage of money in a society without taxes and which trusts
the government. Thus the issue of fiat and the availability of _
loanable funds should always be up to the point of zero marginal
value productivity of money or a zero shadow price for mone-

tary capacity.

(8) Even with a monetary shortage we do not obtain quite the
same thing as an interest rate for loans and an interest rate
for deposits. The rules of thé game described influence fhe
strategy spaces in such a way that a trader may have to pay

a banker evenlif he is neither a lender of borrow. The core
reflects a reward of the overall marginal value productivity .
of the bankers' role. It reflects the baradoxidal but valid
point that both the merchant and the customer want the dustomar
to have enough money to pay hié bills otherwise they both
starve. Une way in which these strange payment patterns could
be regarded is that all of the traders are willing to pay a
"seigrorage" charée_for the creation of money, or moré precisely
in this case, for the services of the banks in facilitating

. trade.

Une might construct a model with the added rule (as was
suggested in the footnote to Game 1) that a trader who neither
deposits or borrows from the bank cannot make a payment to the
banker and that a trader who is only”a depositor should not

make payments to the banker.

(9) The device of introducing a finite end to the game by an
end of the game taxation or redemption &f currency enables this
analysis to go through. It is conjectured that it will hold

for the appropriate infinite version.
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6. The Order of Trade, Taxation and the Velocity of Circulation

6.1. Habit, Order of Trade and Velocity of Circulation,’

Our analysis in the previous sections has depended:critically
upon. having the individuals trade in order and trade for money
with the banker being in the "position of trust". In one sense
the theory is extremely institutionél, yet in another sense it
is completely general. The fixed order of trade was only a
device to "hook money into the system™. Once we have created
the formal mechanism for doing so, then as regards a specific
gconomy undoubtedly order of trade, custom, bill paying habits,
degree of mechanization of the financial system, existence of
credit cards, stamps, tokens etc. all do make a difference

to the financial system of that country. These differences
weaken to the control of the banking system and offer alter-
native ways for institutionalizing or partislly institutionalie

zing "trust”.

Formally we mey take the model used in the previon sectiaons
and enlarge it by introducing random moves into the order of
trading. from the view point of actual computation the model
becomes farvmore cumbersome, however from the view point of

existence, nothing basic has been changed. The strategies

of the individuals in the financial game now become somewhat
more complex because the financing must take care of contin-
gencies. Bad winter weather, or getting up late may change

the order of paymentsp

In the game we outlined previously the referee issued cash
to the traders and a line of credit to_the’bankers. We can
juSt as easily construct a scmewhat more complicated game where

the total amount of' money during the process will be variable,
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This is done by the simpie expedient of setting up reserve
levels for the banks. A1l loans must be paid by the last

period of the game and sll chips or gold or federal reserve
funds must be returned to tﬁe referee, however during thevactual
game, a bank may Make loans Up to a point that is a function

of its deposits. In d cooperative game thig increases the

strategic importance of the depositors and saves the referee

It is easy to observe that the Very nature of the "money game®
offers tha‘imaginative, vast opportunities to create new finane
cial instruments. A new form of financial note or s new banking

law will amount in zbstracto to g modification of the»strategyspace

in the finan;ial game.

In Figure 4 +the trading patterns for a game with two traders
and a banker are shown, Thié‘is the equivalenﬁ of the bilateral
monopoly barter model, but with money added, Suppose that they
randomize top see who sells to whom first. This is indicated

by the move ascribed to N gr "Nature", Qgn €ach branch of the
tree belohging to a player there are two numbers in a circle.

These contain goods and cash flow information.

The first number gives the delivery date for the goods (1 stands

for this period, k for the k th period from now counting thig

as the first). The secong number gives the Payment date. Thus

settled before the end, hence in this tree 0 number in the
upper branches can be larger than 2 and no number in the lower

branches is larger than T. We could also introduce a random




Figure 4

‘va;iable to select these numbers. The meaning of this would be

to give the probébility that an individual might obtain credit

from the firm he is dealing with and to give the length of time
for which it is' granted. Similarly the delivery dates give the
firm added flexibility. On some occasions the firm may be paid

before delivery.

There are 32 different two trader games possible, leaving out
the distribution of money'and loanable funds among the traders
and the banker. If wé were to include these the number becomes
much larger, however fortunatély, as is;showh in 6.5, the nume

ber that are fundamentally strategically different is far fewer,
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Another institutional feature which Tits into this scheme

would be the attachlng of terms to the granting of credit

by a firm to a customer. Dlscounts on payments before 30
days and better terms for larger aor more trusted customers

can also easily be modeled in the same formal set-up.

Here we must stress the difference between the general demonstrae

tion of existence (even if it is a constructive demonstration)
and the empirical problems of measurement and control. Features
such as the degree of trust that a merchant has for his custo=-

mers are not completely but aie considerably exogencus to

~econamic phenomena, unless one adopts an attitude that all

human behavior can be explained by economic considerations.
The theory suggested here offers ar expla nation of the
money and banking system given institutional and culfural
features such as level of trust, habits and laws.From an

economic point of view complete trust might be optimal and would

do away with the need to construct much of this apparatus,

however as we observe, complete trust is not the custom,

What role does the velacity of money play in this scheme? The
answer appears to be a very minor role. It depends upon the

details of the rules of the game and cne's definition of maney,

If we dount fiat money plus bank loans plus the bank's spendable

funds (i.e. its retained profits) then in the model given here
the velocity of money is constant at 1 per period, however the
amount of money fiuctuates from period to period. If we count
fiat money plus the loanable funds cf the banks then the amount
of money 'is constant but the velocity changes'as most of the
time there will be idlebbalances around., Specifically in a game

af duration of T time periods all of the money in the constant
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supply version need not be acfive for more than two periods.
They are the period when the intertemporal constraints call
for the largest amount and the end of the game when this

amount has to be given back to the referee.

In this model it is important to note the strategic distinction

between time and current account deposits. We actually have no

current account deposits, those are regarded as cash. Any de-
posit to thenbénk constitutes an agreed upon loan to the bhank
aﬁd the terms must be specified in the strategies. In this
sense a current account deposit could be regarded as a loan

to the bank that is instantly repaid to the lender,hence is
counted in fiat money. In general however a depdéit is not.
available for one of more periods. |

If loanable funds are related to the amount of time deposits
in the bank then when more money is needed cash must flow into

the bank in the form of time deposits and will hence be "steri-

~lized" from being part of the money supply, then loans can be

increased, hence if we count loans plus fiat monegy in circula-
tion there will be & variable money supply and a constant velo-

city of 1 per period.

Other ways in which velocity may be influenced include "mone-

fary—barter-deals"'which have been ruled out in the game des-

cribed in the earlier sections but can be modeled. An example

of such a transaction would be where a 500,000 building is

exchanged for a $ 500,000 piece of land with both parties re-
porting the monetary aspect of the exchange but neither using
money nor credit. This calls for trust between the dealers.
Other ianQEncas which will be discussed further in Section 7
include "monetizing" private notes on indebtedness when A pays

B with a note on C.
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Minor temporary influences on velocity include the possi-

bility of the English gentleman paying his tailor on time, chane
ging the number of "settlement days" or the contango; or the
prompt settlement of doctor, dentistand lawyer's bills and

the reduction of the float. One may also change the methods

of payments of employees from monthly to weekly or vice—versa.

These all involve delicate adjustments to cash flow. From
the point of view of becoming a millionaire they are undoubtly
extremely important. For example the length of time between
the issue of trading stamps and their redemption, or the issue
of traveller's checks and their redemption has been critical
to the financial success of these schemes. However interesting
as they are, they are merely a few of the host bf institutional
differences that influence the functioning of a monetary system,
but do not make a fundamental overall difference.

AN
Paying bills faster or slower may be a nuisance. There are
definite transaction costs accociated with bookkeeplnq, bank
hours, the speed with which you can run to the store etc. The
increase of velocity involved in hyperinflation is another matter
and involves basic confidence in the society. This is dis-
cussed in 6.4. Sticking to the "money and banking game" it is
my belief that the velocity of money question is a basically
irrelevant and uninteresting question which has managed to

hamper the analy sis of the monetary system for many years.

6.2. Dynamics Inflation and a Flexible Reserve System

In this paper, in one sense, no attempt has been made to model
a "real economy®. In a real ecdnomy the price level is fixed

by some mysterious process of tdtoninement and if there is too
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little cash around it is meant to adjust by cutting prices
if there is too much cash we should be in a position to des-

cribe the mechanics of the upward spiral.

It is my opinion that although the problem of the detailed
dynamics of price adjustment has many fascinating facets,
both'as a mathematical exercise and as a study in institutions,
it is not necessarily the key to the uhderstanding of monetary
phenomena. Specifically in the models investigated here, the
details of the dynamics of adjustment are explicitly excluded
from the model.

I‘consider that I‘am trying to construct a game which can be
played and must specify all of the rules. In order to do s0
the traders need to know what prices are in the market and

what prices are expected to be. I assume that the referee can

calculate the equilibrium points in this trading game; he selects

the one with a minimum cash need and announces the current and
future market prices. So far there is no uncertainty in the
game I haQe described. Distrust and uhcertainty are not the
same thing. There may be a religious fetish that calls for
payment in money which has nothing to do with uncertainty.
Uncertainty is dealt with later. However here for the géme I
am describing we may assume that the referee announces prices

having calculated the general equilibrium.

A key problem in central banking is the control of the price
level in the economy inasmuch as it is influenced by monetary
phenomena. Thus 'a control view of the economy may not call for

a detailed appreciation of the finer points of the tatonnement

provided thatvthe banking system moves faster than the traders,
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! believe that the dynamics of price movements are highly

- dependent upon institutional details which rarely if ever,

figure in general equilibrium models. I also believe that

if a banking system moves fast enough, for many important -

questions concerning the control and functioning of a

monetaryisystem we do not need to know very much more

than the banks can move faster than the traders. Thus
within the geme I do not assert that traders might not try
to influence prices if, for example, large sums of idle
balances were lyiﬁg around, I merely claim that if this
were the case the bahking system - could soak up the balances

before they influenced the equilibrium prices.

An. Efficient Reserve Ratio Banking Svstem

The minimum number of people needed in an economy in order
to be able to design an efficient banking systém that can
shrink the supply of idle balances in the hands of the
public is four. Fufthermore the system will require two
forms of paper money which we can call "fiat money" and

"bank credit®.

The design of the system can be described heuristically

as follows: We must put two pairs.of Bertrand duopolists face .

to fece in such a manner that they cancel out each others'
monopolyipower but provide a banking system thzt enables
the amount of fiat money plus bank credit in the hands of
the public to follaow the varying interfemporal require-
ments for funds in such a manner that the amounts of idle

balances can be reduced to an arbitrarily small amount.
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Suppose that there are two traders who could, by trade with

)

trust, obtain a joint gain of 1F . They‘are constrained

to trade with money because of the rules of the game. Give
each of them an amount € in fiat meney for its price in the
first period. Suppose that in order toc be able to achieve
the full utility gasin the traders will at some point.need
an amount M* of fiat money or credit, where the smount is
considerably larger than the amount they have. We now
introduce two bankers and set the reserve ratio for each
of the bankers at M*/& . In other words if a banker can
obtzin € in depaosits of fiat money he can extend his!
bank Crédi£ up to M¥ ., The characteristic function'df this

four person game is as followss

where 1 and 2 are traders and 3 and 4 are bankers. The core
of this game is (1-x,%,D,D) and the maximum amount of cash
ever in the hands of the publi¢ is 2€ . The bankers obtéih
nothing in the core because they have so much excess capa-
city that they bid each other down to their marginél costs

of zero and the traders obtain nothing for their deposits

This example is presented in characteristic instead of
characterizing function form because it is quicker and
easier to do so. It is easy to see that it holds in the
more general form.
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because they too have excess capacity in the amount of
paper money af type 1 needed to create g Suff101sncy

of paper money of. type 2.

" This system has the property that "money" is created and

destroyed virtuaslly costlessly as it is needed. In reality

bthere will be many more traders than bankers. This wili

help the functlonlng of the system as we can spread the

2€ of fiat maney among many.

In a well-run monetary system far a modern economy we

- should expect that the ratio between fiat money and bank

credit is small, i.e. there should be far more bank credit
thdn fiat money. Detailed frictional considerations may
call for us to hold a certain amount of cashy, however as
they are removed we might expect to approach arbitrarily

close to a'cashless society".

There are many 1nst1uutlonal variations thdt can be used

‘in the design Df @ Ireserve system, such as allowing the

deposits from anothar bank to count in the reserves of
a bank. The principle however remains the same and we do not
discuss the institutional details which may meke one form

slight ly more dLSlrdblE over another as we go from country

to country.

The ability to pull in idle belances costlessly and to
"destroy them" helps to enable & controlllng body to nail
down a price system, In reality this may be rather hdrd

to do and calls for s better system of Torecasting and more

qen81t1ve System than exists.
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6.3. The Rules of the Game, Taxes and the Rate of

Interest

In Section 5 it was argued that in an economy with &
non—oligopolistic banking system and an adequete money
supply the rate of interest would always be zero and the
earnings of the banking system would he zero (excluding
bookkeeping and other minor services rendered). Further

it was argued in 6.1. and 6.2. that in a formal finite game,
either one could fix a large enough amount of money in ad-
vance for all future needs so that velocity changes and
the maoney supply is fixed, or ane could keep the velocity
fixed and have the money supply vary. Beyond that it was
argued that other variations in the velocity of money come
about from changing the rules of the game. In particular

phenomena such as hyperinflations depend upon considerably

different rules than the ones described so far.

‘Suppose that the referee or the government does not like

to see idle balances lying around and that it does not have
a flexible booking system. It could put in a tax ahg sub-
sidy progrem to mop them &ll up. A simple ekample’is illus-
trated in Flgure 5. Here we thE thé two traders of the

previous examples ‘trading for three periods. The first 15

given 2 units of money and the second none. There is no

banker needed. The first must return the 2 units to the

referee after the end of the third period. The first al-

“ways buys first from the second. Their endowments of goods

are (2,0),(0,2); (4,0),(0,4) and (1,0),(0,1)T
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Figure 5

‘The left side of each line glves the supply Df money avallable
~to an individual at any time and the rlght side indicates the
‘demand of the 1nd1v1dual for money ‘at that tlme. The dlfference
in length between the llnes on each side indicates an excess
of supply or of demand. In this example “the part of the lines
for the first trader with brackets on them indicate idle funds.
In this economy the largest need for money OCcurs durlng the
'second period. The government could have taxed the first trader
one unit in Period 1, given it back at the start of Per10d-2 ‘
‘and taxed him 1 and 1/2 units at the start of Period 3 craditiné

them against its final tax collection nf 2 after Period 3.

This tax policy sexrves no particular purpose except itlprovides
~an anti inflationéry "neatness" in the sanse'that theré are no‘
- idle funds left about. The government is: not uSLng the money

to appropriate resourcas for 1ts own purposes. . In thls paper I

do not propose to enlarge upon the role of goverment finance,
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but its taxation plays a critical rocle in dete:mining the

‘marginal value of money hence we need to consider taxation.

'Taxes, unlike those in the example given above are usually

spent by the government for the purchase of real reéources.
These resources may be used for the construction of public
goods which in turn enter into the preferences of the indi-

viduals being taxed.

As the problems of public finance of public goods are being avoie

ded we may modify the money game ‘model as follows. The govern-

~ment or referes is a force outside of the game, not a player,

i.e. it is part of the rules. In particular the rules inform

all players of their tax liabilities (care must be taken here

in making sure that the demands are feasible). Furthermore

they inform all players of the amounts of money that‘the governw
ment intends to spend on various commodities at specific times,
We may imagine that the commodities are being used to Tight

4 war or are dumped into the ocean so ‘that ﬁhéy do not enter
into the utility functicns of the players. An‘economy with n
traders and a banker was treated as an n+1 pérson game. Here

an economy with n traders, the government and taxation, ih this
fdrmulatibn, is still an Nn-person game. We ses immediately

from the analogy of this model with the madel with a banker

that if the government can use its money to purchase goods this
is similar to the mbney shortage case or the monopolistic bank,
The traders are no longer able to achieve the old barter game
Pareto Optimal surface. The mere fact that real resources have
been withdrawn from this economy by monetary methods has created
& positive marginal value for money. Furthermore this will depend
upon the‘manner in which the taxes Were spent as each spending
pattern represents a different‘set of changes in the period by
period boundary conditions on the n—pérson general equilibriﬁm
model. Relative prices will also depend onvthe:pattern of governd

ment spending.
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The rate of interest we may determine is not the price of
borrewing a unit of money during one period and returning it
the next. It is the shadow price of the addition of a unit
of monetary capacity fo the whole economy over the T time
pefiuds,ki e. it is the marginal value of an extra unit of
money that does not have to be paid back. In octher words the

marginal value of reduc;no an individual’s taxes by a unit.

The effect. of the government on this finite market is mani-
fested ih the change on the intertemporal boundary conditions

in the sense that at each period the players are required to -

pay up a certain number of chips which then leave them witH tigh=~
ter budget constraints. However over the length of the game the
government or referee returns all.cf these chips via the market
machanism. Hence the supply of money at the very end equals

the supply of mdney at the start, soc all players can meet

the condition of returning initial stocks to the referee.

'Interlm financing in this market is a matter of making sure

that there is an adequate money supply so that the traders can
at least achieve the sub-Pareto optimal surface that would be
available to them if, after having given the government its
due {(i.e. modified their budget constraints and the demand
conditions) they maximized ignoring the money payment con-
straints on intertempoial trade (using as numeraire the first
good traded with a price of one unit of money, thereby keeping

the system pegged to money).

All of our observations have been based upon games with finite
duration. It is my belief that the models are réaSonable @ppProxXie
mations of an economy. Most loans are for finite duration and
settlement and tax daysvdo roll around for most of us. Never-

theless alfhough I*conjecture that my results will hold sub-
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stantially the same for the infinite case, [ suspect that

new phenomena will appear. In an economy with taxatian

and tax lawyers the possibilities of the paradoxes of the
infinite are undoubtedly exploited to the hilt. Fortunes

are saved in taxes by 1ndef1n1tely delaying payments. For
example  stock Swaps are often used tg put off paylng capital
gains taxes. The problems of games with infinite length

are discussed further in:Section 7.

6.4. Taxation, Inflation and Hyvperinflation

Taxation and Inflation may be looked upon &s twin brothers,
In the first the philosophy can be characterized as "tax

first spend later". In the second it is spend first and tax
by doing so. The first can be more selective in its targets

than the second.

A simple example is given to show théir relationship. Con-
sider the two traders in our previous examples: they are
trading for three time periods. At each ﬁim@ period their
initial physical reéources are (2,0) and (0,2). Trader 1
buys first. Each stdrts with a unit of money. which must be
returned to the referee after the third periocd. They have
more than enough cash for their trade hence do notvﬂged a

bankeLc Each has a utility function of the form '#xy.in

each period and they are additive.

We now consider three different sets of government actions

as given. (1) no taxes, (2) tax nothlng in the first period
then 3/4 on each in the next two periods spending the money
equally on both products each time immediately. (3) do nothing
the first period; print and spend 15 units during the second

perind. Spending 3 on Good 2 and 12 on Good 1; print and




spend 240 units the next period. 48 on Good 1 and 192 on
Good 2. Under the third policy the new money is dumped into
the econdmy as legal tender and does not have to be returned
by tHe players to the referee after the game is over. They
can throw it away as it is worthless (except as a work of
institutional art, but we will fbrget this). Table 1 con=
trasts the three equilibrium states. The first column indi-
vcates a trader's utility level obtainedraach period, the
second notes the amount of money he has after taxes {this
assumes taxes are paid at the start of each perind) and the

third column shows egqulibrium prices.

Policy 1 Policy 2 Policy 3
Tradizes A ar | Price deerf's‘xﬂf{ﬁ.(‘ Price ITadeck After [Prlce '?r.‘ce‘
utility ?ﬁ‘o"ney level utitity ::’Oxne\} level utiiity fr?}'fm ;'ﬁ»f;h rif:ﬁz
R 1 1 111 1 1 1 1
11 ! 1/4 11/4 | 1 1/4 11 16 4
T I N 1/4 11/4 1 1 1/4 | 16 | 256 || 64
Table 1

It can be seen that Policy 2 and Policy 3 yield the govern=-
ment precisely the same physical goods. In the first case

the price level stays constant and in the second case the
price level is going up exponentially as dt_1 as the traders
hasten to gef rid of the torrent of progf%sively more and mare
worthless currency under which they are being buried. The
general equlibrium model, because it is sequential is still
nevertheless well-defined, the velocity of money is constant

but the supply is exploding.
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It is my contention that although Policy 3 shows an enormous
inflation it does not quite catch the flavor of a hyperin-

flation in the sense that everyone was assumed to be obeying

~all the ruleé. A monetary system is manmade and is part of

the legal framework of a country. Furthermpre many aspects
which are minor in normal times, but which are important

in times of crisis or breakdown, are:determined by custom

and habit. At some level of inflation the rules are abandonea.
Quaéébaifer and then full barter become more common, people

Tun totbuy supplies and try to avoid paying debts.

We note that we could set up a game in which one individual
is not required to return some of his chips. This would
inflate the price system and on the margin give him the rate

of interest.

6;5. A Simple Example Revisited

Returning to Figure 4, suppose that the‘initial.endowments

of the two traders were (1,0,1/2) and (0,1,0) we can exa-
mine how the granting of credit by firmsbweakéns the pDWer

of the banking system. Although there are 32 cases many are
distinguished by delivery dates.on goods. This can make a
difference to utilities gained, but does not influence the
payment conditions. There are 8 different credit conditigns
prevailing of which the banker is needed in 4. Each time it is
the second trader who will need credit. Thus in their joint
stratégy prior to trading contingent loan conditions need to

be made.
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7. ASSETS AND NEAR MONEY

{.1. Assets as Security against Loans

. » nk\ ‘
The previous models have all been based upon the implicit
assumption that not only do ull traders trust the banker but
not each other, but that the banker trusts all p*ayers. in
our model of themoney game all loans made by the bankers
are unsecured In most economies loans are secured by phy51cal
assets or by flnanc1al @ssets which in turn are claims on physiczl
assets - ‘guaranteed by the law. Furthermore all borrowers
are not equal in the eyes aof. the bank. Lénding rates are
cheaper for " prlme names™ than they are for unknown 1nd1v1-

duals. A fine reputation is, on occasion, bankable.

The terms of borrowing from a banker are a function of
trust in the honesty and ability of the customer and these
in turn depend on the knowledge that the banker has of the
1nd1v1dual “In general, the less the trust, the more the

security a banker will require be put up for a loan.

Virtually every item in existence may have some use as se-
curity for a-loan. However some are obviocusly better than
others. It is harder to flee the dlstrlct carrying your house

than . 1t 'is carrying your jewels. Ripe Camembert cheese is a

'thlng of beauty but in general is not too good as-:security

against a long term loan. Items which require elaborate main-
tenance and havé a high physical depreciation are also not
good items for security (it is probably easier to pawn one's

teenage daughter than one's grandmother).

The financial infrastructure of most economies recognizes
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the need to provide methods to utilize even the assets of

the anonymous poor for security. Thus some countries have

state pawnbrokers. The more fungible an item is, the wider

Wiil its market be. Thus, as my uncle once pointed out to

me, a silver cigarette case without one's initials engraved

on it has a higher pawnable value than one that is engraved,

Immovables of a reasonably high value historicelly, relative

to other assets with a long durability make good security

items., Item such as jewels and art treasures are also good
items although their protection may be costly. Stock certi-
ficates and other bwnership papers, and bords also are good

as security against a loan.

An interesting and moderately important distinction must be
made between the instances in which an individual retains

the use of tha item he is pledging as a security and when

he surrenders the item to the lender who in general puts it

into safekeeping (or in some cases may use it himself).
Houses are usually mortgaged but are used by their owners.
Jewelry' that is pledged is usually held in séfakeeping. Stock
certificates are admirable for security as even tﬁough they
are surrended thereby giving the lender the security he re-
quires, being paper the individual derives no direct utility

from holding the paper per se.

Sometimes a loan is secured by the signature of a ‘third party,

This is another example of the value of a good name. "Unto

“him who hath, it shall be given" makes good banking sense,

How is the size of a loan to be related to the security that

~is pledged? The common practise provides an indication and a

method that can be modeled mathematically. As we consider
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that trade takes place sequentially and in the gconomy the

vprice of a house has usually been established before a loan

on the house is made, a way to Tix upon the maximum size of
a loan is that it will be some fraction ¢X (where 0 & < =°)
of the last established price of the item‘pledged (or an an
"indepghdent evaluation"). The & is usually less than one
and will vary for different securities. From the viewpoint
of a mathematical model of the lending process almost any
convention will provide a consistent model. There is a large
institutional element which enters into picking the rule and
in one sense the & can be regarded as a complex parameter
reflecting the.experience, customs and degree of trust of

the banking system.

7.2. The Rate of Interest in an Economy with Assets and

Distrustful Bankers

The model for this cese is merely sketched here but is given
in the Appendix. Suppose that there are n individuals and b -
bankers. Furthermore let us assume that there are in the eco-
nomy which lasts T time periods at most mK(T+1) goods. Asso-
ciated with_each of the new goods is a related good, 1,2,3,.40
pericds older, inclﬁding some which may attain an age of
beyond T and may be left over at the end of the market. An
individual is supplied exogenoﬁsly at the start of sach time
period with an additional endowment of new goods. All goods

in his possession (even if used for securiﬁy) are utilized by
an individual. In the act of utilizing a good the individuel
canverts it into a relsted good which is one period older.,
Thus an individual can buy a 1960 automobilein 1970 use it

for = year‘and be in possession of a new good - an eleven year
old automobile as contrasted with the ten year old automobile

he previously owned.
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Al

Let yj,k,t

be the amount of good j of age k in possession

of the trader i at the start of time <

(1§ =K vyt + dt -
Pakot T ikt T Y ket tm1 T 9y ket e T % ket e

Equation (1) states that this amount equals the amount of
additional endowment of this good plus the previous supply
of the good dated cne time period earlier which by its use

has now been converted into this commodity. The previous

supply i1s the amount at the start of the previous period

plus purchases minus sales (these are assumed to take place

at the start of the periad).

‘Suppose that each individual has a utility function of the

following form:

(2) u, = ¥t o

i ; j,k,t; yj,k,T+1) ' where j=1,...,m;

_ k=1,...,2
and t~11,ooo,To

Al '
The term y% is the asset evaluation attached to an

J’k)T+1 ) .
individusl's utility at the end of the game. It can be looked
a8t as the referee's liguidation evaluation of the individual's

final possessions.

It would be desirable to. derive the shape of Ui in a non-
arbitrary manner from an infinite process. It could be then
regarded as the value attached to having this initial distri-
bution of assets in the gamevthat is about to start at time
T+1. It is the value of an inheritance by an individual who
has the same utility function as the brevioué player and is

going to play the next round of the game.
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Given the function in (2) however, without solving an infi=
nite process we are now in a position to set up & finite
morey game of the variety established before. Suppose that
the banking system has been arrangéd so’that if the bankers
trusted the traders and required no security on thei# loans,
then there would be encugh credit in the economy to achieve
Pareto optimality. Now however, the rules of the game, limit
the strategies of the players when coalitions of bankers and
traders form inasmuch as loans must now be "secured". If
there éie "enough" assets then the prices that satisfy the
unconstrained genefal equilibrium will also satisfy the new
system which carries an addition set of inequalities repre-
senting the need of the trsders to puﬁ up at leést enough

security to cover their locans.

If there are not enough assets in the hands of the traders

far securing loans then the additional inequalities will be-
came effective on the intertemporal constraints and the system
will be unable to achieve the unconstraihéd Pareto optimality,
This represents a real misallocation of resources and creates
a positive rate of interest for "trust" or a positive return

for the "moneyness property” of an asset.

Trust has been modeled as part of the rules of this game,
Why should the bankers not lend more. An answer to this
guestion requires the consideration of uncertainty and the

role of bankers as evaluators. We return to this in Section B8,

When there are enough assets then the marginal value pro-
ductivity of moneyness of an asset is iero as 1s the marginal
value productivity of more trust. We may observe immediately
that & highly industrialized society with plenty of large

immovable assets should have a mora;flexiblé banking system
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than one which does not have the.asaets and has the same

degree of trust.

Another implication of this system concerns the rale of

~ common stock or ownership certificates for jointly held

large assets. The individual will obtain his derived uti-
lity from the ownership of the common stock from the effect
that the production process has on the economy (assuming con-
stant or decrgasing returns). He does not obtain his utility

from the stock certificate, hence when he gives his banker

the stock certificatas he is not losing the use of the assets =-

this contrasts with g¢giving the pawnbrokérs.the.family-heir-

looms.

7.3. Gold, Loanable Funds, Reserves and Fiat Monev:'“Tha

Gold Game"

Consider the game described here played with a Specific mona%
taryvcammodity such as gold. From the viewpoint of the model

there are three features which must be taken into account,

‘They are: (1) the money use of gold, (2) the conditians on

the supply of gold and (3) the utility or value of gold as

a nonmonetary commodity. The last two properties of gold
merely add computational complexity to using gold as a mone-
tary medium, but do not..change its basic characeristics.,
SQppose we assume that gold is in fixed finite supply and
that it has no utilitarian value beyond being a "symbol of
trust”. Furthermore let us assume that we have fixed one
price in terms of gold; say for example the pricé of bread

during the first period of trade. The gold standard economy

now becomes the equivalent of a fiat money economy where

tHe centrel bank has tied its own‘hands and has no control
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over trade and prices., If therevis’a great abundance of gold
(supplied, say by some handy Incas) then prices will be bid

up and a considersble inflation will result.

vaﬁhere=iswa shortage of gold, in this geme economic stag-
nation will result. After & bout of stagnation in a real

economy (as opposed to the game described here) we would exme
pedt that the traders would abandaon the strict rules and

ways ofvavoiding.the economic suicide applied by rigid adherence

to the gold standard would be adopted.

‘The "Gold Game" has a fixed monetary suppiy, thus velocity

varies. If idle balances lie around top long we suspect that
they will be used to bid up prices. The bankers do not have
the opportunity to extend credit beyond the amount of gold
fhay have an hénd° The only way that they can go beyond the
rather stringent limits is by "cheating® or violating the
rules of the simple game.‘This can be done if the original
bankers happen to be goldsmiths in whose trust -other private
citizens have deposited sums of gold for safekeeping (for no
other reason than goldsmiths are usﬁally better able to pro-
tect sums of gold against robbérs than are other private
citizens engaged in other occupations). An entarprizing gold=
smith might be willing to take advantage of the law of large
numbers and lend gold tﬁat is nat his on the basis that it

is a fungible commodity and thét within a reasonable expecta«
tion he can return to thosevownérs calling for their gold the

amounts required.

If the goldsmith fails to do so he might get a hand chopped
off or go to debtors prison. The penalties for being caught
short appear to have been worth riskihg for many hundreds of

years. They were best summarized by Daniel Drew in the last
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century. He observed: "He who sells what isn't hisn, must

pay up or go to prison."

in summary, gold appears ta be a universally acceptable,
almosf;rigid subply near-fiat money whose monetary pro-
pertieé are further obscured by its value in jewelry,. to
denfists‘and in other industrial processes. Without "cheating"®
the-gold gsme calls for 100 % covered reserves as a backing

for loanable funds.

7.4. Financial Gimmicks and the Monev Supply

Credit cards, trading stamps, food coupons, special export
currencies, stemp collections and art are but a partial list
of the highly transportable financial instruments available
to a sophisticated economy. Each one has its own roles con-
cerning its strategic possibilities in a "money game". For
example it is often a crime to use someane elée's credit

card even with his permission. This being the case one cannot
really(define the supply of money in a simple way without rem
flecting the strategic possibilities involved in a modern

ECconomy.

It is of interest to observe that in the United States the

trading rules concerning trading stemps given away with pure-

chases in many retail establishments, pose not merely aca=-

~demic questions, but have been the subject of important

litigation. Can an independent broker set himself up in
business to establish a market among the different types of
stamps? The companies issuing the stamps wanted to prevent
this (thereby extending the "length of the float") but it
appears to -be legal. :

Given the special role of gold in international economics,
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lshould we count the amQUnt of geld in- ex1stence in an

: economy as pert of the money supply? Drce more we must

‘look at the rules of the geme in detail, In the: Unlted

States it is not degal for a prlvate citizen to hold gold |
in 1ngot form: (although he could get a frlendly Swiss Cﬂlh:
press to transmute 1t inta Tzerlst gold pleces whlch he”
could hold legally)! In Tarngiers, Macao and Hong Kong; |
:gold bull;on is regarded as a Very acceptable form of moneya

A reasonable rule of thumb appears to be. count as part of

the money supply all gold that is ava;lable to the economy

minus the costs of transformlng it lnto bulllon form, Thus

o in general the amount of gold in the c1tlzens' teeth is not
part of the monetary SUpply unless cne’ 1ntends to operata

"Bergen- Belsen or Trebllnka.

Dccasronally enthusratlc representetlves of special xnterests
have suggested blmetalrsm as a way of 1ncrea51ng the money
’supply Thus 1nsteed of using gold alpne we might wish to‘
use both gold and silver where the two- would be llnked by a

fixed ratlo. If elther or both 1tems ‘had no other use than .

"as a monetary medium there would be nothlng partlcularly

wrong in d01ng S0. However if both have a utilitarian value
it is falrly obvrous that any attempt tq do so would frx
ane prlce too meny 1n the economy and an 1neffislent elloca-

'5t10n would result.

7.5, Stocks,vBondsmrand.Gouernment[ﬂebtd

In the formal model presented 1n the Appendlx we have con~¢_'
sidered only a trading game, hav1ng made use of the Rader

transformatlon. In order to talk meenzngfully about atocks 'rQ:'
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and bonds it is desirable to consider prodUcfion explicitly;
If there is no uncertainty in our model then there Will be
no difference between bonds and stocks. In Section 8 Qe
introduce uncerfainty ahd hence make the distinction there,
However here we lump them together. If all production pro-

CESS were strictly  homogenous of order one and were rtun by

Arrow-Debreu automata (called "profit—maximizing managers")

then their profits would be zero end the dividends paid tg

a stock holder of the joint enterprise would alsoc be zero,

Suppose that we adopt the attitude that at least a few of the
firms in the society display increasing costs, thereby implying
that they have some nonmarketable commodity called "manage—

ment" or "organization" which is a peculiar property of a

particular institution. Such an institution will make a posi=

tive profit in a general equilibrium system and hente will

be able to pay a dividend. This establishes a value for shéres

in the ownership of that organization (and without uncertainty

for bonds as well, as they are equivalent).

Stocks and bonds are pieces of paper which are symbols of
owheiship. It does not matter wﬁere the piéces of paper
happen to be locked up as far as the prdcess of paying divi-
dends is concerned. Thus, as has been noted previously, to
all.intents snd purposes stocks and bonds offer an individual
in a modern eéonumy excellent'instruments to post as security
@gainst a loan. They are éo excellent that in some countries
they are called "securities". While they are posted as security
t

he individual still obtains their productive use. .

If for some political Teason a government wishes to enlarge

~its battery of financial weapons it may go beyond taxing

and printing and decide to issue debt as well. In particulax

it could even issue bonds of any redemption date including an
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i%finite redemption date. If it insists upon taxing its

gitizens,then a perpetuity can bear an interest rate equal
to the marginal value utility of not having to pay kaxes up
to. the tax_valué of the péper. In some countries it is per-

mitted to pay taxes by surrendering goverment bonds.

8. UNCERTAINTY, NUMBERS, ANONYMITYAD TRUST

8.1. Numbérs. SQcial Mqres, Trust, InformationaﬁlLimit‘Theorems

Tﬁe functioning of a modern market economy calls for decentra-
lization anduanonyMity combined with cooperation. The"money
game" is a cooperative game whereas the market is basically

an: énoﬁymmus mechanism. A modern society tries as much as

it can to make financial as well as market moves anonymaus
acts. Problems involving evaluation and trust maké it diffi-
cuit to do so. In different soccieties various forms of in-
surance have! been devised to ameliorate the difficulties paused
by uncertainty, poor evaluation, lack of trust and inability

to calculate.

The methods needed to handle uncertainty and impersonal
dealings are highly dependent upon the numbers of individuals
in the economy. In general, the more people there are,

ceteris paribus, the more unlikely will there be personal

dealings between two individuals selected at random.

The importance of personal knowledge, trust and evaluatian

of “individuals' wisdom, honesty and sense of requnsibility
Eannot be overemphasised in financial dealings. The history
of finance provides myriads of examples bf different in=-.

struments handtailaored to take inte account varying degrees
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- of knowledge and trust among individuals. Even the issue of

banknotes reflects this. In the 19th century banks used to
issue their own banknotes in the United States., Various

banknotes sold at a discount related to their distance from

~the bank and to the réputétion of the bank. Today in the

normal Course of business virtually every degree of anaonymity
and personal contact is present in the transactions. When an
individual buys a pack of cigarettes at a strange stpre for
cash there is anonymity on both sides and trust is achieved
by the trust-unit function of coin or fiat bills. In some
parts af the world there is still a predeliction for silver

to cover such transactions.

When an individual buys gasoline he may pay by cash or use a
credit card which has his name on it, or if he is a "local"
and knows the man who runs the station he may pay by personal
check on a local bank. In buying jewellery at a boutique

in a tourist hotel’in Brazil a United States citizen may find

that with a little identification, the store will accept a

.personal check.

An important'buéiness deal may be sealed by a handshakg by

brokers or traders in the same trade. Loans may be based

on "your gaood name", on assets put up by the borrower or

on assets or a guarantee by a third party.

In general all of these arrangements depend upon the informatian

state. All other things being equal (1) the more people there

afa in the society the more anonymous dealings tend to become,
(2) the more change there is in price levels and other states
of society the more information is required to describe or

interpret the environment.

General equilibrium theory, as it is usually expouhded. ignores
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~ the effect of numbers. An existence proof for the price system

is presented which holds equally true for 2 or 2,000,000, The
fundamentally different fedture of the game theory epproeach
to the study of markets is that it is done by means of limit

theorems in which numbers play a critical role. If fundamentally

~different behavior is expected from 2 individuals than when

there are 2,000,000 present this must be deduced from the
p;oéessuor explicit assumptions must be made about what is

assumed to change as numbers increase,

In the earlier sections the core of a money game was used to
study the properties of money in & society without uncertainty,
In Section 8.3. when uncertainty is introduced explicitly into

a money géme we must take care to be explicit about the infor-

mation conditions and the insurance conditions that we deem

to be present.

Radner has recently _10/ considered competitiﬁa equilibrium
canditions where individuals are assumed to have limited
computational abilities. He however does not relate the lack
of calculation power to the number of individuals in the sa-
ciety. It is my belief that this link is extremely important,

4

8.2. Types aof Uncertainty

In the world of finance, I suggest that there are six different

types of uncertainty which must be accounted for.vThey ares

). Statistical uncertainty with uncorrelated events,
2) Staﬁistical uncertainty with correlated events,
3) Rare avénts, ‘
4)

Statistical uncertainty concerning persdnal traits,
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(53) Uncertainty concerning strategic behavior,
and (6) Uncertainty concerning conformity to the rules of

the game.
The first is the wellkhbwn type of uncertainty for which in
general, it is easy to buy insurance, Fire insurance serves

as a reasonably good example.

The second involves "acts of God" plaguesand a host of evenis

.~ for which the weasel-wording and the fine print of most in-

surance contracts have an out.

A Bayesian statistician might argue that there is funda-

mentally no difference between an event such as the failuie

- of the tomato crop next year-due to bad weather and the failyre

of the Edsel automobile or some other new product; however

ralthough it is relatively easy to obtain insurance for the

first, it is virtuelly impossible to obtain it for the second.

- In the granting of credit the evaluation of things and possible

events is only part of the process. The evaluatien of character,
trust-worthiness efc plays an extremely impbrtant role, From
aApurely formal point of view we could merely say that there

is no difference in the two. It is my belief that the actual
methods aof evaluation are condiderably different and that the

difference should be noted.

Game theoretic uncerteinty is yet another type of uncertainty
and arises from the strategic behavior aof the players in

conditions in which less than perfect information 11./ pre-

_vails in a game of strategy.

The last, but extremely important form of uncertsinty con-
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cerns the adherence to the rules of the game; All game theo-
retic models assume that the rules are obeyed. A financial
and monetary system is a tenuous and sophisticated construct
of a society and depends to a great degree upon the explicit
and implicit adherence to the laws, practises and customs.
On occasions, people cheat somewhat against the‘rulés. If

enaugh cheat for a long enough time, the system breaks down

and a different game is played. This is especially important

to keep in mind when we try to model the rules concérningA

credit.

8.3. Uncertainty, Bankruptcy and the Rules of the Game

In this section we commence with the examination of statisti-
cal uncertainty in a general equlibrium framework. We pursue
our investigation by means of examining a series of simple

examples. A general treatment is deferred to & later date.

8.3.1. The Credit and Insurance'Game with Two:Traders

Consider a market that lasts for two periods. There are two

traders T1 an§ TZ.

each period. There is an efficient banking system available

Trader 1 buys first from Trader 2 during

-to supply the monetary needs of the traders at a zero mone-

tary rate of interest, excluding risk.

There is risk present in the economy. The traders are in-
formed about the risk which is manifested in the variability

of the potential supplies during the: second period.

In particulsar let the utility functions of the traders be

given by:
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(1) U1 = 10 min Lx1,y1] + min [xz,y2 and
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o[22 .2 27
> = min [¥1,y1Jv+ 10 min [XZ 1Yo j

where xi and yi are the amounts of commodities X and Y
consumed by Trader i during period t. Here we observe that
Trader 1 has a considerable time preference far the first
period, while Trader 2 has a marked time preference for the
second period . We assume that Y cannot be inventoried, but

must be consumed immediately.,

Figure 6 illustrates the supply COﬂdlthﬂS in the market. In
the first period Trader 1 has nothing and Trader 2 has (10,10),
Whereas in the second period Trader 1 has nothing with a pro-

‘bability of (1-p) and (10,10) with a probability of p, and

Trader 2 has nothing.

(op)

A——

(o) 1 PNT (0,40)
| ' !

(c,0) ) T?. (01'0

fiqure 6

It is easy to observe that if the economy were favorable the
traders could take advantage of their difference in time pre-
ferences and each achieve (in his own utility scale) a score

;o of 100. This is shown as the point E in Figure 7a. However
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there is risk present and we must describe how the traders
behave in the presence of risk and what we mean

by Paretg
Optimality in the presence of risk.

™
b
Utility for 20 %
risk averter p
K
2 / ‘
(AO:)" 41}5)

D e e

Expected P2
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Figure 7a
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The line CD in Figure 7a is the ex_post worst Pareto optimal’
surféce that could be achieved by the economy if there were
a "crop failure" or,in less picturesque words, if there were
no resources during the second period. Thé whole of the line
CD could be achieved if there weie no restrictions on barter -
or aon gifts, however'only the point C individﬁally rational

for Trader 1 as he can obtain it without any form of cooperation.

The boundary given by FEG is the ex _post best Pareto optimal
surface. If no trading restrictions were imposed on the traders
it could be achieVed. The Pareto optimal surface and the con-
tract curve are not quite the same here as Trader 2 cén ob~
tain 10 for himself; furthermore Trader 1 has an expected

utility gain of 5 if he is risk linear (in this example for

most purposes of illustration we assume risk-linearity and

alsoc set p = 1/2). Hence the contract curve is given by the

segment KEH,

If we impose specific conditions on the type of trading then
all points are not necessarily feasible. In particular if we
wish to use a monetary mechanism how is trade to take place

in this two person economy?

Suppose that a bank had lent Trader 1 20 units of money and
that the price of the commodity Y had been fixed at one unit
of money per unit for the first period. Trader 1 could buy

all of the supplies of Trader 2 during the first period. If
the economy We Te prosperous (probability p) Trader 2 would

buy all of the supplies of Trader 1 and they would achieve

the distribution indicétad by the point E. If the economy were
not properous Trader 1 would achieve a very faverable outcome’
indicated by D and go bankrupt to the bank for 20 while Trader
2 would left with 20 and nothing to by. Suppose that Trader 2

had preferences that were risk linear. His expected utility
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gain from the trade is given by M. If he has a 20 % bias to-
wards risk aversion then his expected utility gein is dencted

by the abcissa o% N.

If money is used in this market, then there is a constant
possibility of (1-p) that the first trader will go bankrupt.
The lines CM and CN show the expected utility gain for the
traders with risk linearity (CM) and with a relatively high
risk aversion (CN). In either case we observe that the second
trader is well seerd to select the means of trading that
permits the first trader to go bankrupt for even the iargest
amount. This will yield the first trader a dtility of 100

and the second will obtain some point of the line RM depending
upon his risk aversion (someone who welcomed risk would

obtain a payoff on ME). The full expected Paretd optimal sur-

face includes MV.

Figure 7b shows the expected Pareto'optimal surface if both
traders are risk linear. The expected Pareto optimal surface

is SMV. SZ shows the expected income to Trader 1 on the assump-
tion that he guarantees the income level of Trader 2. MV shows
the expected income of Trader 2 on the assumption that he

guarantees the level of Trader 1's income.

SZ is almost irrelevant in the sense that Trader Z can guaran-
tee himself the maximum on that curve without cooperating

with Trader 1. However if we wish to explore all of the rele-
vant strategic possibilifies we need to consider the cooperée.
tive coalition with one of the traders maximizing his expecta-

tions -subject to a guaranteed payoff for the other.

The part of the expected Pareto optimalvsurface that is jointly
rational ex _ante is given by RMH. If we are willing to con-

sider a cardinal utility scale for each trader in his evalua-




tion of risky prospects, then any trading metﬁod which reaches
oMV is efficient. Any attitudé towards risk can be reflected
in the preferences and will change the location of SMV, If -

we do not wish to consider cardinal scales then we must be
prepared to accept virtually any ocutcome to the right of

the line RW,

Any method of trading which vields a result along the curve

SMV is Pareto optimal! For the afficionados of the price
system only, we can achieve a solution arbitrarily close to
M by the use of the price system. Suppose that instead of

giving'Trader 1 (0,0) during the second period with proba?

bility (1-p), we give him (€,€) where is arbitrarily close
to zero. Then a price system of (1,1,%?,%9) will clear the

market under all circumstances. As & —>0 the prices in the

second‘pariad increases without bound. For &£=0 if we wish

to preserve our market without bankruptcy then we could intro-

duce the conventian that
lim 18 {g+£§= 20
e»g €
so that Trader 2 happily spends hiSIZD units of money on nothing.

Is the price system under risk "institution free®? Certainly

not, it is merely cne of many alternative cooperative ecconomic

conventions for a society to assign responsibility for a failure
of process. In this case péradoxically Trader 2 absorbs all of

the'risk!

Failure of process could be caused by an exogenous random
tactor such as weather causing a crop failure, or by inefficiency,

ineptitude or fraud. We only consider the first at this point.
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Let us consider several different conventions for handling

trade through time with risk.

(1) No Credit: This yieldsba result which is not Pareto

optimal. In this cese with risk-linear utility scales and
p=% the expected payoffs are (5,10) as is shown at the point
Z.

(2) Private Credit: Suppose that the price of Y in the first

period is fixed at p2,T=1° If Trader 2 extends one unit of
credit, Trader 1 can achieve a utility level of 5 and to-
gether their expected payoff is (5,59.5) as is shown in Figure
b at H. The price system is (1,1,1/10,1/10) if the economy

prospers, otherwise it is {(1,1,o®,=c). Under this arrangement

virtually sll of the gain goes to the second trader.

(3) Bank Credit: If there were competitive banks they would

be motivated to lend up to 20 and the expected outcome would
be M. If prices sre unbounded then there is no need to des-
cribe bankruptecy. If not, then we might wish to treat the

lack of goods in the second period as leaving Trader 1 in debt
to the bank by 20 and Trader 2 with 20 units of money and

nothing to buy.

{(4) The Pledge of Assets: Suppose that there were a third good,

Z in the economy and that the first trader had a supply of Z.
This good is durable and (as a good first approximation)
yields a utility stream for several periods without wearing

out (it might be a painting, for example).

The banker might require that the first trader "sterilize
some of his assets" i.e. put them up as security (thus with-

drawing them from possible trade during the length of the loan),

P
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The full theoretical implications of thiszpossibility cannot
be explored until the meaning and need for bankruptcy laws is

investigated.

{8) The Sale and Repurchase of Assets

Sometimes individuals in need actually sell an asset, pass
title of ownership and buy it back later if they can afford

to do so. They may even maintain an option for repurchase.

§.3.2 Efficiency, Ordinal or Cardinal Utility

All of the methods noted above do not make explicit use of the
possibility of a cardinal measure of utility when considering

projects involving risk.

If we believe that it is reasonable to use a cardinal measure
for utility when there are prospects involving risk which
must be evaluated, then we can describe the expected Pareto

Optimal surface, as was done in Figure 7.

The expected Pareto Optimal surface is a cardinal utility
construct and will change in location as risk reaction varies.
Projects that are certain will be fixed points in any trans-
formation reflecting different risk reactions. Thus in general
there is no guarantee that market adjustments which do not
explicitly utilize the cardinal propertieé of the utility scale

will yield an outcome that is Pareto optimal in the sense of

-expectations, except by chance.

8.3,3 Stratédies, Forward Contracts and Bankruptcy

Radner 12/ in his work previously noted, deals with general

equilibrium under uncertainty by means of strategies for each

player acting in a situation with less than perfect .information,
it is possible to calculate everyone of the myriads of states

£

of economy that might exist and to calculate a price systiem
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for each_one. A strategy (both in the sense of Radner and cagn-
ventional game theory) is a set of instructians which a player
could give to his agents, telling.each agent how to act if

the economy "went his way”. This involves no buying or-selling
of future contracts. Transactions take place in curreﬁt markets

using current information.

Radner shows the existence of a general equilibrium point
under uncertainty using this enormous inflation of price
systems. This is certainly a step in the right direction
inasmuch as it introduces the value of information intoc the
system. However, as he notes, the computational requirements

are unreasonably large.

A simple example of the velue of information can be constructed

using two traders and three time periods. Let Trader 1 have
good X with exogenous supplies of Xqr %o, X4 and Trader 2 has

Y with exogenous supplies of Yo Yoo Y4 for periods 1, 2 and 3.

Each has the same utility function:

Ui = min E.min (x?,y;), min (xé,y;), min (xg,yg)J
Xy =y, = 12

12 with probability ¥2

0 with probability ¥2
12 with probability ¥2

0 with probability ¥2

bt
N
t
«
N
i

ll

X
)
#
&
9%
]

i

There are 4 possible states of nature characterized by:

12, 12, 12; 12, 12, 0; 12, 0, 12, and 12, 0, O

If these states were known in advance, it is easy to observe
that the expected payoff to each trader in equilibrium would
bes
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Y4 min (6, 6, 6) = 1 V2

V4 min (4, 4, 4) = 1

Y4 min (3, 3, 6) = 3/4

Y4 wmin (2, 2, 2) = 1/2
3°3/4

If the states are not known in advance and X and Y can be
carried forward in inventory then an optimum policy for
gach is to ship 4 unité during the past pefiod. If 12
appears the next period, ship 8; if 0 appears, ship 2. This

- is shown in Figure 8. The value of such a policy can be

seen : ) 8

Fiqure 8

tao bes
Y4 (4 + 4 + 1 + 1) = 2V2

This is 50 % less than that which can be guaranteed given

the information in advance.

We note the nonsymmafry of time and its relationship to

information. If we were able to ship goods backwards in

the time this would be the equivalent of complete information

and the two cases noted above would be the same.
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liferate with Every contingency. Even 80, the need to en-
larga our model or to look for a different formulation deoes
not arrive merely from computational considerations. The

concept of trust once more becomes of importance.

Previously lack of trust was not accompanied with uncer-
tainty, here it is. Une way of dealing with lack of trust
is by having individuals enter into legally binding contracts.

The use of money is ane such contract.

Fiat money is a form of a forward contract. There are several
others. In particular in the econamic life of the United

States the following exist:

(1) "Futures": A contract to buy or sell. a specific amdunt
of a commodity for a specific price at some specific
date in the futufe (also there are puts, calls and
straddles).

(2) One can contract to buy an unspecified amount for a spe-
cific price at a specific future date. An affer to buy
~half of the crop before it has matured would involve this

contingency.

(3) One can contract for a long term lease, where the service

sold is fixed with a clause under which price is contingent,

Money is the least binding and most anonymous forward con-

tract. There is no commodity,‘quantity, price or delivery

date specified.

We have seen in 8.3.1 that if a price system is infinitely
flexible the introduction of bankruptcy is not necessary., If

the price system is not that flexible, it was argued that

-bankruptcy is needed. If we wish to include the Possibility
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of the sale of futures contracts or of insurance then, in

general, bankruptecy conditions become a necessity,

8.4 Brokers, Insurance and Numbers

Subpose that we replace the 2 traders of the example in

8.3.1 with 2,000,000 traders with 1,000,000 of each type.
Furthermore let us consider that each trader of the first

type will obtain O or 10 with a probability of ¥2 and

that these probabilities are independent. In many realistic
cases the probabilities would be correlated. Furthermore if
they were highly correlated it would be hard for an individual
to obtain insurance, Here however we tgke the simple example,

The expected supply

T, (1) T, (2) T, (1,000,000)
|
| I
BRDKERS)INSURERS
. |
T2 (1) 'Tz (2) ' T, (1,000,000)

Figure 9
of the first commodity is = 5,000,000.

We simplify matters still further by considering one commoditiy
each period so that utilities are:
U, = 1Dx1 + X5

U, = ><1 + 1Dx2

vwhére X, is the supply of the good in period 1 and X5 in

i
period 2.
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There are several different institutional possibilities as
are indicatedvkn Figure 9. A broker-insurer might "buy.
the crop" from the traders of the first type before it

exists. He might sell it before it exists or he might

" sell it cnly after it exists;: or he might sell part beforse

ahd part after, Suppose\that after buying the future‘¢rop,
the brckereinsurer sells it in advance. We might assume that
society fixes limits on that which cannot be sold without
existing and on the penalties for failure to live up to

contract.

For example there might be a law which says that given (ﬁf,iﬁ
for a future item, no more than g~kofuture contracts may be
sc;d. If ex post the amount q, were sold and only the amount q
comes into existence, then we may assume that a penalty of
k(qswq) where 95 ~ 9 is levied against the seller. This is his

out-of-stock or bankruptby penalty.

If the seller has other assets the creditors can collect

otherwise they are out of luck. Suppose in our example there
were two broker-insurers. They have no assets, but as society

is rather conservative they are not permitted to sell more

~than A= 107, Competition will force each to offer 10 for the

whole crop of any T1 and they will offer a futura of 4.975

units priced at 10 to TZ' They will (to a 100" safety level)

~almost always be able to deliver. An individual T1 would find

it difficult to sell a futures contract to an individual T2
owing to the enormous variance, but via the broker-insurer
owing to the law of large numbers this becomes a reasonable
transaction. The brokers have an expected profit (in terms of -
some slight surplus of the good in period 2). This profit

could be made arbitrarily small by’requirements_on}the holding

of reserve assets and limits on the contracts of the'brokers.
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8.5 Optimal Laws for Future Contracts, Reserves and Bankruptgx

The example in 8.4 was extremely simple and speciél.fA point
almostlon the expected Pareto optimal surface of T1 and T2
was obtained. It is conjectured that for noncorrelated risks
in a society w1th sufficient assets relative to the risks
that-lt should be possible to select a combination of laws,
governing future contracts, reserve requirements for insuring
agents and bankruptcy laws such that trading can yield outs
comes arbitrarily close to an expected Pareto optimal value

in general.

8.6 The Evaluation of Risk and _the fAmancial Infrastructure

It is difficult to lay enough emphasis upon the role of the
institutions méking up the financial : ifAfrastructure as
brokers, agents of institutionalized trust, 1nformat10n pro=

cessors and above all, evaluators of risk.

Given lack of trust but no uncertainty among the traders,
financial institutiohs may act as brokers or trusted intere
mediaries. Their full role appears, however, in the presence
of uncertainty. Without uncertainty there is no difference
between a bond and common stock. With uncertainty, informatien
and its evaluation play a central role. Fiat money, bonds,
common stock‘ prcmissory notes etc... all take on meaning as
different types of forward contracts reflecting dlfferent
conditions of risk sharing, trust and participation in in-

formation evaluation and decxslon—maklng.

If individuals are risk averse then the presence of large

numbers causes increasing returns te scale in an economy.

Furthermore 1f individuals have different 1nformat10n then

their fates become strategically interlinked via externalities
in information. For example a lack of 1nformat10n by one

trader can cause him to act in a way that hurts both himself




and another. The example in 8.3.3 can be modified fo shaw
this.‘Eonsider that the first trader knows what the future
states will be for both and the second trader dDes‘not.
The latter‘'saction will Hurt the former unless he can be

informed.

9. CONCLUSIONS

The implications of the use of money are many. There are
highly different properties of "moneyness" and same of them

can be studied separately.

A money can Se‘modaled exhibiting only the property of
transaction convenience. The work of Foley and Hahn has
centered on this. Stress can be laid on the trust aspects
of money. The analysis in the first seven sections of this

paper stresses this feature of money.

When uncertainty is considered one can avoid the use of money
in the manner adopted by Radner. If, however, lack of trust
and uncertainty are both present then money or some other

form of forward contract is needed.

A disposition towards risk aversion causes increasing returng
to scale as numbers increase’in an economy with noncorrelated
(or imperfectly correlated) risks. This implies that foxr

efficiency, the fewer the insuring agents the better,

If a semblance of a competitive market is to be attained in

an economy involving lack of trust and uncertainty the rules

for forward contracts, bankruptcy laws and the processing

of information must be specified. The definition of optimality
will depend upon the information state, thus any model of an
economy which ignores the trading in information misses a key

aspect of economic life.

The man on the street is in general a saver and not an in=

vestor (or is a foolish investor) because in contrast with




banks, insurance companies, industrial corporations, factors,

investment trusts, etec,, if they are any good, they know

considerably more than he does,

The above remarks do not include the role of money as an
instrument of goverment policy. Nor de they qdvef the im-
portantvgame theoretic properties of money which would call
for the study of cCooperative and noncooperative solutions tg

markets with uncertainty.
Fiat money is:

(1) A measure of value (when one price is fixed)
(2) A means of exchange (by law, by custom and because it
avoids added transaction costs caused by barter) and

(3) A symbol of trust (by law and custom).

Together with other instruments and bankruptcy laws monéy isg;

(4) A forward contract

(5) A means for providing an extra degree of freedom“in
transacting business (i.e. accounts need not balance

instantaneously).

Together with taxation laws, public finance and internationagl

trade it is:

(6) A means of paying taxes
(7) An instrument of goverment internal policy and

(8) An instrument of foreign policy.
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APPENDIX

THE FORMAL DESCRIPTION OF A MONEY GAME

A money game is an . n+b person Cooperative game without side-
payments given in charactefizing function form. It is a c~-
game or orthogonal coalition game (i.e. aonce caalitions have
been chosen, their strategies are independent, they do not

influence each other).

The chéracterizing function is obtained by solving a closed
static general equilibrium market defined for n traders, mK{T+1)
commodities and T time periods, selecting a price system (in a
manner described below) and using this price system in the manner
that is now given. A set R of ﬁlayers is selected. There are

2n+b such sets. Associated with each set R is a set SR. The
members of this set are distinguished by different loan condi-
tions.{(The specific meaning of a loan is given below). The set

R forms an independent commuﬁity constrained to buy and sell at

the price system specified, but in a position to achieve different

outcomes by adjusting loans among themselves. They are further-

- more constrained to trade among themselves using their own re-

" sources.

The n-person Trading Market

There is a market with n traders., They possess at most mK(T+1)
different commodities. There are m different classes of commo-
dity:such as "automobile". After one “"period" of use thé commo-
dity is deemed to be a different commadity: "a used sutomobile,
one period old". Although the general eQuilibrium‘system at tHis
point is being treated statically, we introduce T+1 time periods,
EveryICOmmodity must now bear a date, fhus we have: " a used

automobile, one period old in 1969",




Each individual i has & utility function of the forms

' 7 i A
(1) Uy = 9U:L(yj,k,t’ Yk, Te1)
Where y; Kot is the amount used by Trader i of the class of

commodity j, of age k during time t.

The term yé’k T41° is the asset evaluation attached to the
individual's remaining assets at the end of trade. The
numbers n,m,K and T are all finite and the functlons }Vi
have all the conditions needed for the existence of a com-

b

petitive equilibrium.

At any period t, t=1,2,...,T the traders may cbtain new endow-
ments not only from their possession of classes of goods which

are now one period older, but alsco exogenously Let the amount

af ekogenous encdowment be given bv‘ A% Kot then we may write:
B i 14 14

Al i Ai i i
(2) Yik,t = Akt t Yiket, 4=t F 95 g o T S k=1, t=1"

which states that the amount held at the start of time t aquals

the amount held at the start of previous perlod plus the amounts

bought minus the amounts sold plus the new endowments at the

‘start of the current period. Where d stands for his buying

and s, selllng.

(3) viooL =9 - st ¥ at

Jrk,t ;;k’t Jok,t Jok,t

Equation (3) states that Trader i during a perlod t utilizes
the amount he starts with plus the amount ha buys minus the
amount he sells. This uses the convention that he can utilize

the goods he buys for the‘period during which he buy them, but
not the goods he sells. '
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Using Rader's theorem 13/, this trading economy is the equi-
valent to one with prodﬁétion and trade. It is desirable that
the utility functions have an extra limitation, that they
should not be the sum of utility functions defined for each
period, or otherwise we need to introduce at least one in-
ventory proceés which makes it possible to keep at least one
commodity in a state "as good as new" for af least one time
period. These conditions guarantee that the price levels at

each period are interlinked.

A Single Equilibrium Point'per svstem

The n trader general equilibrium system is solved for its

set of competitive equilibrium points. A numeraire is selected

at random (actually in most societies the choice is far from
random, it may be the price of gold, the lowest wage rate in the
civil service and so forth). The price of one unit of the
physical numeraire is fixed at one unit of money which is a leggl
fiction that has its manifestation in pieces of paper or numbers
in accounting systems and which constitute the only means of pay=-
ment in this society..We now select the price system which mini-
mizes the use of money. We can evaluate the money worth of all
trades leading to an equilibrium point. This set will have a
lowest bound associated with some price system. If there is

a tie select one at random (actually WBréould take all of them,
however for the purposes of specifying a game that could at

least conceptually, be played let us consider one).

The motivation for picking this rule is that even in the mind
of the most urbanes of "social man" there lurks as suspicion
of fiat money and its "veil", hence in some sense the less it is

needed, the better.




Trading in Monev: The Money Supply

~We now have an absolute price system. A set of pieces of paper
in some sort of institutional form such as fiat bills or demand
deposits or reserve levels or federal reserve deposits are
handed out to the n+b players. For simplicity we make no insti-
tutional distinctions at this point and call all of the stuff,
"money". Each player receives an amount Mi where i=1,2,..,,n+b;
A further rule of the game requires that at the end of the game
(after the close of business after the end of the T th perieod -
or more simply at settlement day at period T+1) the players
return to the referee exactly the amount that they were handed

out to start with.

Trading in Money: The Order of Trade and Cash Flows

Each period t is subdivided into n subperiods. An order of trade
is selected at random among the n! orders possible for the
traders. The bankers, if they enter at all, enter as buyers

hence do not need to be part of this "lineup of sellers™.

During each period a seller sells aonce and appears as a buyer
n-1 times. The bankers appear as buyers n times. A transaction
involves the exchange of goods for money. All traders and the
bankers (as buyers) function in'compadtive markets. The price

system is given by.the computations specified above.

A trader has available to spend during the period t the amount
he had at the last settlement date. This he may diminish by
purchases until he reaches his turn to sell. After he has sold,
his monetary 'resources are immediately increased by the revenues
from the sale. These, along with any other money remaining can

be Spenf during the rest of period t, or carried over to t+1,
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Let Mi ¢ be the amount of funds available to a trader i at the

start of period t. Let Fi & be the payment made to the bank

(this can be positive or negative). This payment is made at tha

-start of period t. One useful way of viewing the process is that

all periods are split into three. First there are the financial
preliminaries. HaVing settled with the banks, the traders have

their accounts in order far the opening of trade), thére:are then
n subperiods of trade followed by closing the books for the end

of the period prior to dealing with the bankers.

(4) M, , =M +F
i1 i i1

This states that the available funds at the start of trade
during period 1 for Trader i equals his initial amount plus

the payment from the bank.

- m k . m k : .
B o i .S i
(5 My e = My e 7—_— L ikt %5t T A 2Ph k4,
k=1 j=1 k=1
This states that the amount of funds available to trader i at
the start of period t is the amount at the start of trading at
the previous period plus the current bank payment plus the in-
come from sales minus the expenditures on purchases.
A financial policy of trader i is described by (F, ,,F. .,...F.
. _ i,1 i,2 1,n

We require that:

> : 2
(6) M, 20 and Mi,T+1 Mi

No immediate indebtedness is permitted beyond whatever is re-

Fi,t can be posi=-

tive, negative or zero. There is no assumption in the game

flected in the formal arrangements with a bank. These are des-
cribed in the financial policy. Note that gﬁ;




that a rate of interest need be positive.

In summary, in this "pseudo-dynamic version® traders can
deposit in or borrow from the bank (if the bank agrees) however
there are no informal credit arrangements among the traders.

The description is given now.

The Bankers and Banking Svstem

Each banker has a utility function defined on the same goods
as the traders. For case we will assume that the bankers
form a single class i.e. their utility functions and their
initial endowments are the same. This although unnecessarily

special has the property of making subsequent proofs trivial,

Bankers do not borrow from or lend to each other; they deal

in both these ways with traders. A banking policy for bank i

is a set of n vectors of length T which may be described as

i i i i
(“F1'1, "F,"Z,oo., Fn,T) Where Fj

trader j at time t from bank i.

N is the amount borrowed by
14

A banker may loan up to the limit of his loanable funds. These
include the initial endowment‘ffom the referee, any deposits
on hand and any profits from banking. If he has not lent them
a banker is permitted to spend his profits. This is to some
extent a definitional problem as any tax lawyer defining that
which is a return of capital and that which is some form of
gain will point out. For our purposes any definition that
meets the proherty that by final settlement time the amount

of repaid capital equals the loan will do.

The Calculation of the Characterizing Function and Blocking

Coalitions

A coalition of N1 tradars and‘B1 bankers can obtain any point
 obeying the conditions that they trade only among themselves
in a general equilibrium market with money, constraints and
with a numeraire fixed. This traﬂe takes piace after they

have agreed upon a joint financial and banking policy among




themselves.

Consider a money game ['(N u B). It is a market game and aan
be regarded as an n%¥b person trading game in T commodities
where the T commodities are money at every time period. A

different way of showing that the game [ is a market game 14/

is as follows:

Theorem: The game " is a market game .

Proof: Suppose that fewer than b bankers are needed to supply

enough funds for the traders to achieve the competitive squir
librium in the n-persén unconstrained trading game where the
equi;ibrium is denoted by E, then E is in the core of this
game. If any banker demands more than zero he can bhe excluded
by a coalitién of all traders and the remaining bankers.

If the bankers obtain zero in the core then the traders alone

cannot dominate £ hence it is in the care of the money game,

Suppose that all bankers were needed to finance trade. Selegt
thé banking and financial policies which give them all an
equal amount where this amount equals the marginal value proe
ductivity of a banker to the économy as a whole. This pgint
is undominated hence the game has a core. But any subgame of
a8 money game is also a money game with the same structﬁre

hence it will also have a core, hence a money game is a

market'game.

Given that a money game is a market game then we know the
limiting behavior of the core. In particular if the bankers
have an amount of money equal to or greater than Mf the
ahount needed to attain E, the core in the limit will be E.
If it is less than M the core will be & point in the full
n+b dimensional space where each banker obtains (his nonzero)

marginal value productivity.
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