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The Uses of Money: Money in the Theory 

of an Exchange Economy 

By KARL BRUNNER AND ALLAN H. MELTZER* 

One of the oldest unresolved problems 
of monetary theory is to explain the use 
and holding of money. Resolution of the 
problem is central to an understanding of 
the difference between a monetary and a 
nonmonetary or barter economy, and 
there have been numerous attempts at 
resolution. The use of money or the exis- 
tence of a positive demand has been made 
to depend on such diverse factors as the 
anticipation of price or interest rate 
changes, uncertainty, the embarrassment 
of default, legal restrictions, or some un- 
defined set of "services" such as "liquid- 
ity"-that money provides. Probably the 
dominant, current explanation posits the 
existence of a number of ostensibly sepa- 
rate "motives for holding money." This 
explanation coexists with vestiges of an 
earlier preferred explanation that made 
the use and/or holding of money depend 
on the "functions" performed by money, 
such as medium of exchange, store of value 
and unit of account. 

Four recent developments have in- 
creased economists' interest in the prob- 
lem. First, money has remained in use in 
a number of countries even in periods of 
accelerating inflation, most recently in 
Brazil. The continued acceptance of exist- 
ing monies under conditions of ever-in- 
creasing holding cost calls into question 
the relevance of treating money as an 
asset that provides little or no return. 

Second, proponents of a new international 
monetary unit have claimed benefits to 
the world economy that exceed the saving 
of resources arising from the substitution 
of paper money for commodity money. 
Third, recent work (see Boris Pesek and 
Thomas Saving, Milton Friedman and 
Anna Schwartz) has revived interest in 
the properties of a medium of exchange, in 
the appropriate definition of money, and 
in the relation between the assets that 
serve as medium of exchange and the 
assets that serve as money. Fourth, 
growth theorists have introduced an asset 
called "money" into models of economic 
growth. Some of their studies (Miguel 
Sidrauski, James Tobin (1965)) conclude 
that the introduction of money either re- 
duces the community's nonmonetary 
real wealth and lowers the capital-labor 
ratio or has no effect at all on society's 
real wealth.' The economy of these growth 
models becomes monetized only because 
of a difference between private and social 
returns from the use or holding of money. 

A large literature has developed to ex- 
plain why individuals and/or societies 
forego consumption so as to hold an asset 
that adds nothing to individual wealth or 
utility,2 or in some versions, has negative 

* University of Rochester and Carnegie-Mellon Uni- 
versity. We remain indebted to the National Science 
Foundation for their continued support of our work. We 
have benefitted from the helpful suggestions of Jack 
Hirshliefer, Thomas Saving, Jerome Stein, Terry Tur- 
ner, and especially Axel Leijonhufvud. Their many 
comments and suggestions improved the paper. 

1 Quoting Tobin, ". . . as viewed by the inhabitants 
of the nation individually, wealth exceeds the tangible 
capital stock by the size of what we might call the fidu- 
ciary issue. This is an illusion, but only one of the many 
fallacies of composition which are basic to any economy 
or any society" (1965, p. 656). 

2 This position is very old and was stated clearly by 
Henry Thornton, one of the best of the early monetary 
theorists (1965, p. 234) when discussing the holding of 
Bank of England notes. 

"It presents to the holder no hope of future profit 
from the detention of it. Not only does it bear no 
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marginal social product.3 Aspects of this 
literature have been surveyed several 
times (John Gilbert, Arthur Marget, Will 
Mason, Don Patinkin) and summarized 
by Keynes (1936, ch. 15) who based three 
of his four motives for holding money on 
the principal arguments advanced by his 
predecessors. The main arguments, used 
alone or in combination, invoke 1) time, 
2) uncertainty, 3) lack of synchronization 
of receipts and expenditures, 4) costs of 
transacting, and 5) the existence of non- 
pecuniary returns. Of these, the most 
common is one or another of the many 
versions of the synchronization argument. 
This argument is valid only in the simple 
barter economy of the textbooks.4 

Friedman (1956) and Patinkin recog- 
nized that previous analyses yielded 
scarcely any information about the pro- 
ductivity of money. Building partly on 
work by Paul Samuelson (1947, pp. 118- 
20) they identified the productive services 
of money with a nonobservable, nonpecu- 
niary return to money. But the nature of 
the services yielded by money and the 
conditions governing the marginal pro- 
ductivity of money have not been much 
explored in their work. The most extensive 
discussion of the coexistence of money, 
bonds and real capital in portfolios ex- 
plains the use of money by asserting that, 
"Intuitively, money seems to be a more 
efficient carrier of nonpecuniary services 
... than bonds .. ." (Friedman (1969, p. 
25)) .5 

The most casual observation suggests 
that a limited number of assets is used to 
make or receive payments in all but a few 
primitive societies. Very similar assets are 
used in very different places. The stan- 
dard theory of exchange, or price, how- 
ever, provides no hint as to why dominant 
mediums of exchange emerge.6 Any asset 
or combination of assets is equally likely 
to be selected as a medium of exchange, 

interest, but it offers no substitute for interest; 
... the quantity held by each person is only that 
which the amount of payments to be effected by it 
rendlers, in his opinion, necessary." 

However, in Chapter III, Thornton recognizes that 
resource costs are reduced when paper money replaces 
gold and silver and (pp. 91 ff.) he criticizes Smith, whom 
he credits with this argument, for failing to see that 
resources are also saved when bills of exchange replace 
notes. 

I Recent exceptions are David Cass and Menahem 
Yaari and Jurg Niehans (1969) who show that social 
efficiency rises if the community agrees to use money. 
Cass and Yaari discuss the use of money as a medium 
of exchange (or in their terminology intermediation) 
and show that money is productive under the circum- 
stances of their model. Howvever, they restrict barter 
exchange to a single "double coincidence" transaction 
and assume that each trader knows, or can obtain at 
zero cost, information about the exchange ratios or 
prices at which all other transactors are willing to trade. 
Our earliest attempt to relate the productive contribu- 
tion of mIoney to the saving of costs of information was 
published in 1964 (pp. 258-62). 

4It is easy to see why "lack of synchronization" does 
not imply that money is used and held. Consider an 
economy that has neither a medium of exchange nor 
money. If there are no costs of acquiring information, 
differences in the timing of receipts and payments are 
adjusted by issuing verbal promises in exchange for 
goods and, later, delivering goods. More generally, in a 
barter-credit economy, commitments or promises to 
pay "bridge the gap between receipts and payments." 
Gilbert discusses several versions of the "synchroniza- 
tion" argunment and provides references to the more 
prominent writers and to those who stated their argu- 
ments most clearly. We have found no one who dis- 
cusses barter-credit. A simple statement of the synchro- 

nization argument is due to Joseph Schumpeter (p. 547) 
who argued that if people are paid on Saturday and 
stores are closed until Monday, firms hold money from 
Monday to Saturday and households from Saturday to 
Monday because "the institutional arrangement so wills 
it." For a comparison with current notions of the Hick- 
sian week, see Patinkin (pp. 13-14). 

5 Friedman does not explain why money is superior 
to bonds as a carrier of nonpecuniary services. In his 
analysis, the only uncertainty is about the timing of 
receipts. We find nothing to prevent individuals in his 
model from holding interest yielding bonds and using 
verbal promises to pay when expenditures temporarily 
exceed receipts. 

6 Although specialization has long been invoked to 
explain exchange, economic theory explains specializa- 
tion in exchange as the result of a corner solution. For 
much the same reason that theory offers no explanation 
of the concentration of the medium of exchange function 
in a narrow range of assets, theory provides no explana- 
tion of the specialization of traders in other inventories 
and types of exchange. 
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and the allocation of resources is not 
affected by the choice. In the next two 
sections we reconsider the services rend- 
ered by money, extend the theory of choice 
to include the choice of the assets indi- 
viduals use as mediums of exchange and 
then use diagrams to illustrate the main 
points of our analysis. 

Our argument requires the use of two 
postulates that are not part of conven- 
tional exchange theory. They are: 

1) For each transactor in an exchange 
economy, the marginal cost of 
acquiring information, measured 
in units of consumption sacrificed, 
depends on the goods or services 
selected. 

2) The marginal cost of acquiring in- 
formation about the properties of 
any asset does not vary randomly 
within a social group and declines 
as the frequency with which the 
group uses a particular asset in- 
creases. 

The two postulates are necessary and 
sufficient conditions for the use of a me- 
dium of exchange. They emphasize the 
point that will concern us throughout- 
that it is the uneven distribution of infor- 
mation, and not the existence of an un- 
differentiated uncertainty, that induces 
individuals to search for, and social groups 
to accept, alternatives to barter. 

Social choice of an asset used as money 
is separate from, though not entirely inde- 
pendent of, individual decisions to hold 
money. We believe it is useful to separate 
the analysis of the choice of the asset used 
as money from the analysis of the optimal 
amount of money to produce and from the 
individual's choice of a desired money 
balance. Our interest here is in the indi- 
vidual and social choice of the assets used 
as money, the services money provides to 
individuals and societies, the relation of 
these services to the choice of a monetary 

unit, and some implications of these de- 
cisions. 

I. The Services of Money to 
Individual Transactors 

One of the main productive activities of 
a household in a developed market econ- 
omy is the acquisition of the goods and 
services consumed by the household. The 
provision of these goods and services re- 
quires not only the sale of income-yielding 
productive services but the use of re- 
sources to acquire information, arrange 
payments, and schedule purchases. Shop- 
ping, budgeting, and planning expendi- 
tures are productive tasks that both 
absorb resources and yield benefits to the 
skilled or knowledgeable purchasers or 
sellers who make advantageous exchanges. 
The use of a medium of exchange permits 
the household to economize on the amount 
of resources absorbed by these activities 
and to enjoy a larger and more diversified 
basket of goods and more leisure. 

Potential transactors possess very in- 
complete information about the location 
and identity of other transactors, about 
the quality of the goods offered or de- 
manded, or about the range of prices at 
which exchanges can be made. Uncer- 
tainty about quality characteristics is a 
main reason for the dispersion of prices of 
any commodity, and uneven distribution 
of information about the qualities of com- 
modities increases the dispersion of prices 
both within the community and between 
bid and ask quotations.7 Transactors can 
acquire information most readily and at 

7Relatively low cost of acquiring information and a 
smaller dispersion of prices is one of the many meanings 
of the term liquidity, a property often attributed to 
money. Reducing the cost of acquiring information 
raises liquidity. We conjecture from this line of reason- 
ing that the announcement that shares are to be moved 
from the over-the-counter market to an organized ex- 
change such as the New York Stock Exchange raises 
the average price of the shares. The price increase is a 
measure of the value to the stockholders of the reduced 
dispersion of bid and ask prices. 
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lowest cost about commodities that are 
most widely used and best known, so the 
prices of these commodities have the least 
dispersion. When the qualities of a com- 
modity are less certain, acquisition of in- 
formation requires greater use of valuable 
resources, and dispersion increases. If risk 
aversion is prevalent, uncertainty about 
the properties or quality of an asset further 
lowers the average demand price of the 
asset. 

The use of money reduces uncertainty 
and expands trade in a number of ways. 
One way is by providing a unit of account, 
or standard in which prices are expressed. 
If there are N commodities in a barter 
economy and the unit of account is ran- 
domly selected, anyone wishing to or- 
ganize or participate regularly in a market 
must know (or be able to obtain) each of 
the N(N- 1)/2 independent, exchange 
ratios in the barter exchange matrix. 
Social choice of a unit of account reduces 
the matrix to an Nxl vector of exchange 
ratios expressed in the unit of account. The 
cost of acquiring, processing and storing 
information falls. The gain from the use 
of a unit of account is analogous to the 
gain that comes from introducing a com- 
mon unit of measure such as height, weight 
or temperature. 

The gain from using a unit of account is 
limited by the size of the market, but the 
size of the market expands after agreement 
on a unit of account because resources 
devoted to trade receive higher net re- 
turns. As information about the unit 
spreads and the market expands, addi- 
tional private and social benefits result 
from the development of the market sys- 
tem. Additional exchange ratios are ex- 
pressed in the unit; it becomes efficient to 
use the unit where other units were used 
previously.8 

A second and considerably more im- 
portant way in which the use of money 
reduces uncertainty and contributes to 
the expansion of trade and the market 
system is through service as the medium 
of exchange. The frequency with which 
the same unit serves both as medium of 
exchange and as unit of account suggests 
that it is efficient to perform both func- 
tions with a single unit, but the functions 
are distinct and require separate analysis. 

To analyze the medium of exchange 
function, we consider a transactor who 
has an initial endowment of resources in- 
cluding his own labor time and some in- 
formation about exchange ratios and 
qualities of commodities. He has several 
alternative ways of transforming his initial 
endowment into a preferred bundle. As in 
standard price theory, he can use his en- 
dowment for production, consumption, or 
exchange. In addition, he has two options 
that are neglected in traditional price 
theory. 1) He can use resources to increase 
his information about the qualities of 
goods and opportunities for exchange. If 
the transactor uses resources in this way, 
we say that he invests in information. 
2) He can engage in indirect or roundabout 
methods of exchange, accepting goods 
with low marginal cost of acquiring infor- 
mation, transferring and storing, then 
exchanging these goods for others until he 
obtains an optimal bundle. We describe 
the resources allocated in this way as the 
(real) costs of transacting or exchanging. 
The resources used in this way are, of 
course, distinct from the resources ex- 
changed. 

Under conditions of uncertainty9 about 

8 An example is the spread of the decimal and dollar 
system or the metric system to countries where the 
pound or foot has long served as the standard. The 

Euro-dollar market suggests the way in which a unit of 
account begins to acquire the properties of a medium of 
exchange and other attributes of money through the 
efforts of private traders. Conversely, where trade be- 
tween countries is small and infrequent, it is not profit- 
able to devote resources to establishing a unit of account 
or medium of exchange and barter-credit predomninates. 

I Note that the uncertainty in our account differs 
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the quality of goods offered in exchange 
and about prevailing market opportuni- 
ties, the costs of acquiring information 
and exchanging are neither zero nor identi- 
cal for every good or service. Our first 
postulate, introduced above, recognizes 
that the marginal cost of the resources the 
transactor uses to acquire information or 
to carry out transactions is the amount of 
consumption or endowment sacrificed. 
This marginal cost depends on the goods 
or services he selects (or about which he 
chooses to acquire information) and is 
subject to substantial variance. 

By choosing a sequence of transactions 
a transaction chain involving assets 

with low marginal cost of information, the 
transactor can lower the marginal cost of 
exchanging. He incurs transfer and carry- 
ing costs and uses existing information 
about the qualities of particular goods in- 
stead of investing resources to acquire in- 
formation about other goods or other 
trading arrangements. However, transfer 
costs increase with the length of the trans- 
action chain, forcing the rational trans- 
actor to compare the marginal cost of 
acquiring information to the marginal 
cost of rearranging the transaction chain 
and to the benefits obtained from these 
and alternative uses of resources. 

The formal statement of our analysis 
involves the maximization of utility sub- 
ject to a budget constraint under condi- 
tions of uncertainty about market oppor- 
tunities and the qualities of goods. An 
individual seeks to obtain the optimum 
combination of goods and services by in- 
vesting in information and engaging in 
exchange. Numerous sequences of trans- 
actions are open to him. His problem is to 

find the optimal sequence of transactions 
and the optimal investment in information 
while choosing an optimal bundle of goods 
or consumption plan. Production of the 
standard type is disregarded. 

Let the individual's utility function be 

(1) U = U(E, V; Q); U1 > 0; U2 < 0; U3 > 0 

where E is the expected bundle of goods the 
transactor obtains by allocating resources 
to the various options, v is the variability 
of the bundle associated with the uncer- 
tainty about market conditions, and Q is 
the information available to the trans- 
actor about the qualities or properties of 
goods. We regard Q as a partition of the 
state space summarizing the full range of 
qualities. A skilled trader or market pro- 
fessional has valuable information about 
the qualities of goods, the location of other 
traders and their tastes and preferences. 
His market opportunities differ from those 
of an unskilled trader or infrequent par- 
ticipant in the market. The more certain a 
transactor is about the qualities (or prop- 
erties) of goods, and the more he is able 
to discern differences in performance or 
other quality characteristics, the higher 
his utility. The more information the 
transactor has about market conditions 
and the characteristics of goods, the lower 
the variability of the bundle he obtains 
and the higher his utility. 

The budget constraint is 

(2) Ro = Co + Xo + Io + So 

The transactor can allocate his resources, 
R,10 to reservation demand, C, to exchange, 

from the types of uncertainty emnphasized in past dis- 
cussions of money. The latter include uncertainty about 
1) the price level, 2) the timning of receipts, and 3) inter- 
est rates (see Gilbert). For other recent attempts to 
relate search and costs of acquiring information to re- 
source allocat:ion, see Herbert Simon and George Stigler. 

10 The variables Ro, Co, Xo, Io, and So denote diagonal 
nonnegative matrices. Each of the symbols is defined in 
the text, but some discussion of the difference between 
allocations to SO and Io may clarify the analysis that 
follows. No "generally accepted" medium of exchange 
is imposed on the economy discussed in the text. A 
transactor can forego consumption and use resources to 
sanmple the exchange ratios at which other transactors 
(including potential transactors) are willing to offer 
goods of the quality he desires for the goods he presently 
holds. We use the symiibol Io to describe the resources 
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X, to acquire information about market 
opportunities, I, or to execute transactions, 
S. The conditions for advantageous ex- 
change depend on the information avail- 
able to the transactor. By using resources 
to acquire information, he lowers the 
amount of resources remaining available 
for reservation demand and trade. How- 
ever, the new information reduces uncer- 
tainty about market conditions and ex- 
change opportunities and lowers the vari- 
ability of the return from trading. Optimal 
information is achieved when the marginal 
utility of resources withdrawn from con- 
sumption (reservation demand) equals the 
marginal utility of an improved trading 
position and reduced uncertainty. 

Transactors' uncertainty with respect 
to market opportunities is conditioned by 
a distribution of exchange ratios govern- 
ing the social exchange process. 

(3) = w(I P) 

The term E is a matrix of exchange ratios 
whose generic elements eij denote the jth 
unit obtained per unit of i, and P sum- 
marizes the information about market op- 
portunities and exchange ratios available 
to transactors.11 Since bid and ask prices 

are generally not the same in the presence 
of costs of acquiring and maintaining in- 
formation and transferring goods, the 
matrix is not anti-symmetric, and e ieji 5 1. 

At any time the transactor knows a 
maximal E, denoted E*, that describes the 
best market opportunities available to him 
if he relies on the information carried over 
from the past. We treat E* as a random 
variable conditional on the transactors' 
information about market opportunities, 
P. There is a unique expected value of E* 
corresponding to each state of knowledge 
about market opportunities. A transactor 
can improve his information about market 
opportunities by using a portion of his 
endowment to acquire additional infor- 
mation, i.e., by investment in information. 
Although a larger sample does not neces- 
sarily increase the maximal sample value, 
under weak constraints on 7, a larger 
sample raises the expected value of the 
sample maximum and reduces the vari- 
ance of the exchange ratios at which the 
transactor trades. We postulate that the 
mean and variance of the distribution, 7r, 

depend on the amount inivested in infor- 
mation and the transaction arrangements, 
T and are denoted 

E(E* J 1, T) and v(E* I, T) with 
OE d'E d2 27, 
-> 0; -< 0; - < 0; - > 0 
dI dI d91 012 

Once a transactor allocates Io to improve 

allocated to sampling or search of this kind. The goods 
the transactor holds may include "intermediate" goods, 
goods acquired in previous transactions for use in later 
transactions. Alternatively, a transactor can seek to 
improve his knowledge of transaction arrangements hy 
1) learning about the properties of goods that other 
transactors desire to acquire either for consumption or 
as internmediate goods, or 2) by learning about the rela- 
tive costs of storing or transporting goods, or 3) by 
learning about the costs of comnp)leting exchanges using 
different sets of intermediate goods. WAe use the symbol 
SO to summarize the resources used to acquire informa- 
tion about transaction arrangements and to carry out 
exchanges. Resources must be used for similar p)urposes 
even if a few assets are generally accepted as nmeans of 
payment. "Shopping" is a conmmiion means of acquiring 
infornmation about p)rice-quality combinations. Re- 
sources must also be used to leartn about the advantages 
of immediate payment over deferrecl payment, the costs 
and benefits of using coin or currency raither thain checks 
in general and in specific exchanges, etc. 

P p is a vector whose coordinates summarize nmarket 
information. the coordinates depend on the individual's 

anid the community's information. Increase(d investment 
in information refines the available iniformiiatioin and 
reduces the generalizecl variance. Techn-ological clhange 
reduces information and increases the variance of w bv 
reducing information about the cqualities of goods. 
The coordinates of P are the partitions, Q, of the state 
spaces--characterizing each individual 's informiiation. 
An examl)le help)s to descril)e Q and P. An individual's 
utility increases if, with unchanged miiarket ol)l)or- 
tunities, he accluires in-formiiation that permits himii to 
(levelol) his tastes. ni ability 0) diStiTIguish lwItween 
Bottice]ll's and(i "painitings's" inicretses Q but d(1es not 
change other elementts of P. If every oe c(cquires the 
samie dliscriminating tastes, all (Q's channge and therefore 
P changes. 
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his information, only Ro-Io of the initial 
endowment remains available for con- 
sumption and exchange. Exchange opera- 
tions involve allocation to two distinct 
components, X and S, with X the bundle 
offered in exchange and S the resources 
used to produce the exchange. An exchange 
matrix T12 characterizes the transforma- 
tion via exchange transactions of a bundle 
Xo into a new bundle, Y1. The off-diagonal 
elements of the T matrix are the propor- 
tions of the ith good exchanged for the jth 
good. The resource cost (S) of executing a 
set of transactions T depends on T; S 
=S(T). A market exchange is a transfor- 
mation of the inputs X, S(T) to an out- 
put E(Y1). The selection of the amounts 
offered in exchange, X, and the division of 
resources between C, X, and T depends, of 
course, on the information summarized by 
E(E*) and v(E*) and therefore on I and T. 

The total volume of physical resources 
available to the transactor after the 
market transformation is expressed by the 
diagonal matrix E(Ri)13 

(4) E(Ri) = Ec(Yi) + CO 

and consists of the reservation demand 
Co plus the bundle E(Yo) the transactor 
expects to obtain via market exchange. 
Replacing Xo in the description of e(Yo) 
(from fn. 13) we can express E(Yi) as a 
function 

E(t 1= Y1[Ro-Co-Io-S(To) , 1o, To; rj 

= E X'[Ro-Co-IO-S(To), To] 

E(EJ* (Io) T) 

The function E(Yi) depends on the initial 
endowment Ro, the reservation demand 
Co, the transaction arrangement To, the 
investment in information Io, the distribu- 
tion of exchange ratios and, therefore, on 
E* via w. The mean, e, and variance, v, of 
the transactor's utility function can now be 
expressed as the functions 

(6) E=E[Yi| Ro-CO-IO-S(TO), To Io]+Co 

(7) v = v[Yo - Co - Io - S(TO), To, Io] 

A transactor can change his utility by 
three distinct types of allocation, repre- 
sented in our analysis by CO, Io, and To. 
The transactor trades whenever the utility 
associated with e-=Co= Ro and v= O is less 
than the utility associated with some 
Co<Ro. 

Taking derivatives of e and v with re- 
spect to Io and solving the resulting equa- 
tions shows that the optimal investment 
in information depends on the effects on 
mean, E, and variance, v. Increased invest- 
ment (Io) either lowers reservation demand 
(CO) or the resources devoted to exchange 
(So, Xo). With So and Xo held constant, 
an increase in Io lowers the variance v(Y1) 
and has two, opposing effects on the mean 
E(Ri). Increased Io raises, and the asso- 
ciated reduction in reservation demand 
lowers E(Ro). The investment in informa- 
tion raises the expected maximal ratio, 
expressed by e(E*). The rise in E(E*) 

12 T is a nonnegative hollow matrix whose element 
ti4 describes the portion of the ith good allotted in ex- 
change for the jth good and whose diagonal elements, 
ti =O. Also, 1 > tj > 0 for i. j, and Ej t0j = 1. 

13 The trade matrix T'X can be described as a sum 
of matrices Xi, i.e., T'X = j Xi. This decomposition 
is uniquely determined by the form of the matrix T'X. 
The generic matrix Xi consists of zero row vectors with 
the exception of thejth row vector which is identical to 
the jth row vector of T'X. The index j ranges over all 
the rows of T'X. Under the circumnstances specified, the 
constituent matrices Xi are functions of the exchange 
X and the transaction T, i.e., Xi==Xi(T, X). Once the 
decomposition of T'X has been defined a matrix e(Lj*) 
is associated with Xi. The matrix et(Ej*) consists of zero 
column vectors with the exception of the jth column 
which is identical to thejth column of the matrix E(I.*). 

The product Xi.cE(Ej*) denotes a diagonal matrix with 
zero diagonal elements except in the jth row. This 
diagonal matrix describes the acquisition of the jth 
good by means of an exchange X and a transaction 
arrangement T. The sum ZXie(BE*) is a diagonal 
matrix describing the result of the market transforma- 
tion defined by the pair (X, T) and, since E* is a random 
variable, the expected value of this sum is EXie(,j*). 
The result is denoted by e(Y1), i.e., 

C-(v1 = S(To, Xo) s,[ *(Io)] 
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changes the optimal amount offered in 
exchange, Xo, and this in turn changes Co 
and To and the transactor's utility. 

The transactor acquires information 
until the gain in utility from an increment 
/\Io equals the loss resulting from the de- 
crease in resources available for reserva- 
tion demand and exchange imposed by the 
constraint 

(8) Ilo = - (ACo + 'ASO + 'AXO) 

The second derivatives of e and v with re- 
spect to Io assure that the marginal utility 
of investment in information decreases as 
investment increases. Moreover, the con- 
tinued decrease of CO and Xo generates an 
increasing loss of welfare, and the con- 
tinued decrease of SO imposes increasingly 
severe constraints on the choice of transac- 
tion arrangements and (given a2U U/2 to 
form a negative definite Hessian matrix) a 
nondecreasing loss of utility. The alloca- 
tion of resources to acquire information 
necessarily reaches an optimum. 

A similar argument applies to the choice 
of transaction arrangement or reservation 
demand. Utility increases as more re- 
sources are allocated to market transfor- 
mations, T, and the wider search for trans- 
action arrangements, So. The larger So 
and S(To), the larger the admissible set of 
transaction arrangements and the greater 
is a transactor's opportunity to exploit 
differences in the marginal cost of informa- 
tion, associated with various goods. For 
example, by using indirect or roundabout 

exchange arrangements that reduce uncer- 
tainty, the transactor can lower v by al- 
locating resources to SO while keeping Io 
constant. The increase in So (holding Io 
constant) reduces Co and Xo, and therefore 
lowers e. But the allocation to So permits 
the transactor to choose from a wider range 
of transaction arrangements, raising e. The 
optimal allocation to S is reached when 
the gain in utility from the smaller vari- 
ance and more aclvantageous transaction 
arrangements just equals the loss in 
utility due to a smaller Co and Xo. 

By neglecting costs of search and ex- 
change, the traditional analysis of barter 
exchange sets S and I to zero and thus 
omits important aspects of resource al- 
location and choice under uncertainty. In 
the usual analysis, a transactor either 
engages in a single, double-coincidence 
transaction, C1=R1, or does not trade, 
Co= Ro. In our analysis, a transactor is not 
forced to choose between autarchy and a 
single, double-coincidence transaction. He 
can engage in a sequence of transactions, 
expressed by a sequence of matrices or 
transaction chain [To, T1,..., TJ] chosen so 
as to exploit differences in the marginal 
cost of acquiring information and exchang- 
ing. The length of the transaction chain- 
the optimal number of exchanges is de- 
termined jointly with the choice of com- 
modity bundle C,,= Rn that maximizes 
utility. The bundle, Rn, is defined re- 
cursively in equation (9); for convenience 
the expected value operator is omitted in 

(9) R. = Y. + Cf-l 

= Y. + Rn1 - [Xn-1 + in-1 + Sn-l(Tn-1)] 

= Yn + Yn-I + Cn-2 - [Xn-1 + In_1 + Sn_l(Tn-1)] 

= I n + Yn-l + Rn-2 - [Xn-1 + in-1 + Sn-l(Tn-1)] - [Xn_2 + In-2 + Sn-2(Tn-2)] 

n n-1 

Rn = E Y, + Ro - E [xi + ii + Si(Ti)] 
i=l i=l 
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the statement of the definition. Moreover, 
every Yi is a function of Ti-1, Xi_ and the 
sequence of investments in information 
(l. . . Ii-1) given by 

(10) E(Yi) = X X-1(Ti-1, Xi-1) 

*[E2*,i_j (Io, Ii7.... ., Ii_A) 

as shown in footnote 13. Both en and vn 
are, therefore, functions of the transac- 
tion chain (To, . . . , Tn-1), the sequence of 
exchanges (X0, . . . , Xn_. ) and the se- 
quence of investments in information 
(IO, ... , In-,) according to the definition 

(11) En = C(R,) Vn = V(Rn) 

Where information about the qualities 
and exchange ratios varies with the com- 
modities, there are corresponding differ- 
ences in the marginal cost of acquiring 
information, so transactors are not in- 
different about the commodities they ac- 
cept for use in subsequent exchanges. By 
choosing transaction arrangements Ti that 
induce the transactor to include in his 
transaction chain commodities or assets 
whose qualities are better known and less 
uncertain, the transactor can reduce the 
variance v(Yi) and the resources Ii that he 
uses to acquire information about ex- 
change opportunities. At each step in the 
sequence, more resources become available 
for exchange and for reservation dlemand, 
so utility increases. By careful choice of the 
elements in the triplet C, T, I, a transactor 
is able to obtain the commodity bundle 
with mean and variance en and vn that 
maximizes utility. 

Our first postulate, introduced earlier, 
makes the marginal cost of acquiring in- 
formation depend on the good or service 
selected. Unless transactors ignore the in- 
formation they acquire, the postulate im- 
plies that intermediate transaction mat- 
rices in the chains they select (i.e., matrices 
up to the last) do not exhibit a random 
distribution of nonzero elements. In the 

first matrix of the chain, clusters of non- 
zero elements appear most frequently in 
the columns identified with assets that re- 
duce uncertainty, provide more reliable in- 
formation and lower marginal information 
costs. In the last matrix of the chains, the 
nonzero elements tend to be in the rows 
associated with commodities that have 
these same properties. 

The distribution of costs of acquiring 
and maintaining information gives the 
transactor an opportunity to reduce the 
resource cost of acquiring his preferred 
commodity bundle by substituting knowl- 
edge about transaction arrangements for 
investment in information about market 
conditions and the qualities of goods of- 
fered in exchange. Cost reduction occurs 
in two ways. First, detailed information 
about market conditions such as location 
and identification of transactors, the qual- 
ity and type of commodity bundles they 
hold and the exchange ratios at which they 
trade probably decays more rapidly than 
knowledge about optimal transaction 
chains. Second as the use of an asset in 
exchange increases, the transactor learns 
more about the asset's properties. With 
growing use of particular transaction 
chains and improved knowledge of the 
properties of the assets exchanged, uncer- 
tainty and the variances and covariances 
in the general covariance matrix describing 
the overall density 7r(E) decline. 

The marginal productivity of transac- 
tion arrangements can be expressed in 
terms of the smaller investiment in infor- 
mation required to keep the variance 
v(R,,) unchanged. By choosing transaction 
arrangements that reduce the cost of ac- 
quiring information and exchanging, a 
transactor can allocate additional re- 
sources to exchange or reservation demand 
without raising the variance of the bundle 
he obtains. Indeed, if this were not so, 
direct exchange would predominate. 

The usual discussion of a barter econ- 
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omy neglects the marginal productivity 
of transaction arrangements by limiting 
exchange to a single, double coincidence 
transaction. Once the transactor is given 
a choice of I and S, both the length of his 
optimal chain and the assets that enter 
depend on differences in the productivity 
and cost associated with alternative chains. 
Thus, our first postulate assures that the 
choice of transaction chain and of the as- 
sets used in exchange is neither random 
nor determined solely by the exchange- 
i.e., by the initial and terininal bundles. 

To show that individuals' optimizing 
behavior leads to the social choice of a 
small number of medium of exchange as- 
sets, we use our second postulate. This 
postulate states 1) that the marginal cost 
of acquiring information does not vary 
randomly within a social group and 2) that 
the marginal cost declines as the frequency 
with which an asset is used increases. 
Transactors can acquire information about 
a particular subset of the available assets 
at comparatively low marginal cost once 
these assets are used frequently.14 

Our second postulate implies that the 
transaction chains of the numerous par- 
ticipants in the market process exhibit 
some common properties. These properties 
can be expressed as a clustering of the non- 
zero elements in the columns of the first 
matrix and in the rows of the last matrix 
of the chain. The repetitive use of a rel- 
atively small number of transaction chains 
by the members of the social group further 
reduces the marginal cost to each transac- 
tor of acquiring information about the 
assets most frequently used. The lower 
costs of acquiring information and trans- 
acting induce further clustering and the 

convergence of individuals' chains toward 
a common pattern. 

There are many stages of development 
between double-coincidence barter and a 
fully monetary economy. At somne stage, 
a few assets are used with dominant 
frequency in transactions. Once this stage 
is reached, a majority of the transaction 
chains consists of two matrices, the first 
containing a few (nonzero) columns and 
the second a few (nonzero) rows. Thus, 
money as a medium of exchange, as a 
transaction dominating asset, results from 
the opportunities offered by the distribu- 
tion of incomplete information and the 
search by potential transactors to develop 
transaction chains that save resources. 

The analysis also explains the emergence 
of specialized trading functions such as 
brokerage and other market arrange- 
ments. They develop from the conditions 
that shape the (social) convergence to a 
dominant medium of exchange. Where in- 
formation is complete and both informa- 
tion and readjustment are costless, spe- 
cialization of trading functions yields no 
economic advantages and has no utility. 
Where information and readjustment are 
not free, the situation changes. Special- 
ized services lower the costs of acquiring 
information and trading by providing 
more complete information about the 
range of qualities and market conditions. 
With a smaller investment of resources a 
transactor acquires the same information, 
and more resources can be used for reser- 
vation demand or trade. 

II. A Diagrammatic Exposition 

By simplifying the argument and omit- 
ting several aspects, we can use diagrams 
to demonstrate some main points of our 
analysis. We start with a nonmonetary 
economy in which there are two goods. One 
is the initial endowment of a transactor, 
R1; the other is the good, Y2, acquired by 
trading in the market. We disregard the re- 

14 Differences in technological properties of commod- 
ities contribute to differences in the costs of acquiring 
information and transferring. Monetary literature has 
long recognized that portability, divisibility, durability, 
etc. are useful properties for assets used as mediums of 
exchange. 
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sources used in the trading process and al- 
locate the initial endowment to reserva- 
tion demand, C, to exchange in the market, 
X, and to the acquisition of information 
about market opportunities and exchange 
ratios, I. 

(12) R, = C, + Xi + I, 

The exchange ratio between R1 (or C1) 
and Y2, denoted e12, states the units of Y2 

obtainable per unit of R1. Market op- 
portunities are not known with certainty. 
By investing resources I, to acquire infor- 
mation, a transactor obtains a sample of 
potential exchange ratios. The sample has 
a maximal value e1*, the latter a random 
variable dependent on the underlying dis- 
tribution. As above, we make the expecta- 
tion and variance of e*1 a function of in- 
vestment, J.15 Market exchange is a pro- 
ductive process that transforms the in- 
puts (X1, I1) into an output Y2=X1e* (I,). 
The value of the bundle after an exchange 
is R2= Y2+Cie12. 

The transactor seeks to maximize the 

utility of the bundle available for con- 
sumption. The arguments of the utility 
function are C1 and the expected value and 
variance of Y2. The indifference curves of 
Figure 1 are drawn for a given value of the 
variance v( Y2) . A change in variance moves 
the entire surface, or what is the same 
thing, requires a relabelling of the indif- 
ference curves to associate a higher level 
of utility with an unchanged combination 
of Y2 and C1, if the variance of Y2 decreases 
and a lower level if utility of the variance 
increases. 

Unlike the standard analysis, neither 
the slope nor the position of the budget 
line is independent of the transactor's al- 
location of resources. Increased invest- 
ment in information raises the expecta- 
tion of the maximal sample value e1* and 
the slope of the budget line, -en. With 
increased investment, the budget line be- 
comes steeper, and the transactor obtains 
more f per unit of C. 

The relation between investment in in- 
formation, the value of information, and 
the position of the budget line is developed 
in the left panel of Figure 1. On the hori- 
zontal axis, we measure the resources used 

15 To simplify notation we write e2 for the expectation 
of the maximal sample value, and where there is no 
change of confusion, we use Y2 instead of E(Y2). 
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to acquire information on a scale running 
from zero at the origin to R1, the transac- 
tor's endowment. By sacrificing a unit of 
real consumption and investing in infor- 
mation, a transactor enlarges his sample of 
exchange ratios and, in general, raises the 
value of e*. The marginal cost of informa- 
tion is the consumption sacrificed. The 
value of the information is the gain or loss 
in E(Y2) obtained from the exchange of a 
smaller (R1-I1) endowment of real re- 
sources at a higher exchange ratio. The 
curve in this panel shows the value of in- 
formation V(11) as a function of the 
amount invested. The intercept of the 
curve on the Y2 axis is the value of the in- 
formation, in C(Y2) units, that the trans- 
actor carries over from previous trades. If 
he relies entirely on past experience, the 
best he can do is trade at the ratio e*(0); 
the maximum Y2 he can obtain by ex- 
changing all his endowment at this ratio 
is shown as V(O). By investing in informa- 
tion, at a cost equal to I,, he increases his 
information about market conditions. The 
change in the value of information is 
shown by the projections of the curve in 
the left panel on the Y9 axis. If he invests 
an amount IP, he has available for ex- 
change only R1-I-, but he can exchange 
at the higher ratio e4 (i) and obtain a 
maximum value of Y2= V(I'). The dis- 
tance V(Il)-V(O) on the Y2 axis is the 
value of the information obtained with an 
investment 1.l 

For any investment 1,, the value of in- 

formation is given by 

(13) V(1l) = (R1 - Il)el2(Il) 

Inspection makes clear that if the entire 
endowment is used to acquire information, 
nothing is left for trade or consumption, 
so V(Rl) =0. To find the value of I, that 
maximizes V(11), we take the derivative 

(14) - = el (Il) L _ ?7(el2, Ij)-1l 

where -q(e*, I') is the elasticity of e* with 
respect to Il. It follows from diminishing 
marginal productivity of investment that 
the increase in the expected sample value 
falls as investment increases, and the 
elasticity falls as I1 increases. Moreover, 
as Il approaches R1, (R1-I1) 1 ap- 
proaches zero. The value of information V 
reaches a maximum when the share of the 
endowment invested in information is 

(15) -= --7 < 1 
R1 1 +7 

If the elasticity is low, investment in in- 
formation raises the expected sample value 
and improves market opportunities very 
little. The maximum V then occurs at a 
very low value of Il. 

The optimal amount of resources in- 
vested in information is determined jointly 
with the optimal reservation demand and 
allocation to trade by maximizing utility. 
Differentiating 

(16) U = U1C(Y'V), C1, V(y2)] 

(16 T, > 0; U3 < 0 

with respect to C1 and I,, we obtain the 
necessary conditions for a maximum, 

(17) Uie*(Ii) = U2 

* 
017v (el2 -U., ov 

(18) =C1 A-+- 
3I d3I U,1 dI 

16 The cost of acquiring information, I,, is clearly 
visible in two places on Figure 1. One is the horizontal 
axis on the left panel. The other is the difference be- 
tween R1 an(l the intercept of any budget constraint on 
the Cl axis, R1-1,. The difference defines the maximium 
C1 associated with any given I,. As the figure is drawn, 
each increment to investment (`-I', 11 --0) and 
each distance between intercepts of the budget linle on 
the C1 axis is the same size. The decreasing incremental 
value of information is shown by the decrease in the 
distance between the successive intercepts of the budget 
line on the Y2 axis. The relations of I to V(I) depends 
on the vector, P, discussed in fn. 11. 
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Solving these two equations for C1 and I 
and substituting the solutions in the bud- 
get constraint Ri=Ci+Ii+Xl gives the 
optimal allocation to reservation demand, 
investment in information and trade. 

The first of the two necessary conditions 
is the familiar condition for tangency 
between the indifference curve and the 
budget line obtained in the standard 
analysis of consumer choice. The second 
equation goes beyond the standard analy- 
sis and states the condition for the optimal 
position of the budget line. The equation 
has two components. The first is the in- 
crement to the value of reservation de- 
mand, measured in units of Y2, obtained 
from investment in information; the sec- 
ond is the marginal gain or loss from re- 
ducing the variance. The position of the 
budget line is optimal when the sum of 
these componenits equals the marginal 
value of information, aV1/HI1, measured in 
units of Y2.'7 

The conditions for an optimum are 
shown in Figure 1. The slopes of the bud- 
get lines show the exchange ratio e12 for 
different values of I. The position of 
the budget lines is determined by the 
amount investedl andI the value of the in- 
formation obtained. The relation between 
the two is given by the curve in the left 
panel. XVe disregard, for the moment, the 
gain or loss in utility resulting from 
changes in the variance. As the figure is 
drawn, it is suboptimal to restrict invest- 
ment in information to IF. The transactor 
can reach a higher indifference curve by 
increasing investment to I"'. A further in- 
crease to It" lowers utility. In the absence 
of any effect of variance, the transacter 

would choose an investment IK' and trade 
at the coriesponiding exchange ratio. The 
investment JI' and the associated alloca- 
tions to Ci and Y2 represent an optimum 
for any transactor unconcerne(l by the 
variance, i.e., for any risk neutral transac- 
tor. 

For a risk neutral transactor U3-O. For 
such transactors, the optimal position of 
the budget line is always below the pro- 
jection of the maximumn value of informa- 
tion on the E( Y2) axis. The same is true for 
transactors who are not risk neutral when- 
ever az3v/"I= O. In these cases, the optimal 
value of information is always reached 
before the maximum value of information. 
This can be verified by noting that in 
these cases a V/lAI, therefore ae 'sI, must 
be positive since aV/ AI= C ae*2/I. 

Transactors who are willing to sacrifice 
resources to reduce uncertainty and ob- 
tain more reliable in-formation are impor- 
tant in our analysis. FIor them, invest- 
ments in information not only shift the 
budget line but also change the utility 
surface. A reductioni in variance means 
that there is less uncertainty about the 
outcome of an exchange. With uncertainty 
reduced, the transactor receives more 
utility from a smaller bun(lle of commnod- 
ities. The effect of redlucing uncertainty, 
can be shown in Figure 1 by relabelling 
each of the indifference curves so as to 
attach more utility to e very commodity 
bundle or by shifting each indifference 
curve in F`igure 1 vertically downward 
thereby raising the utility assigned to any 
12I, C1 com-binatioll. 

'The size of the shift in the indifference 
curves resulting from the effect of invest- 
ment in information on the variance pro- 
vides another interpretation of the second 
componenit of the optimality condition. 
The vertical shift, measure(d in units of 
Y2, ( - U/U1) ((I(1~), is the amount of 
(1') that provides just as much utility as 

the re(luced variance v(Y2). 
The effect of a reduction in variance on 

17 Interpretation of the second component of the 
second necessary conditioni is malde clearer by notinig 
that - /3/f1 =dl2/3dv so the component can be w-ritten 
[dY'21ld-} [dz dI]= dI /dl. The left side of this last 
expression shows the change in F2 associated with an 
incre:ment to investmiient as the product of the change 
in variance resulting fromn an increnreent of information 
weighted by the appropriate marginal rate of substitu- 
tion. 
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utility implies that the optimal position 
involves more investment in information 
than IK'. The bundle available for exchange 
and consumption declines. In terms of 
Figure 1, the downward shift in the indif- 
ference curves the gain in utility from re- 
duced variance-at first offsets the loss of 
utility from the decline in the bundle. 
Where the marginal reduction in variance 
avlaI and product of the marginal rate of 
substitution between variance and Y., 

-U31U1, is large, the optimal value of 
information may not be reached until we 
are on the negatively sloped segment of 
the V(I) curve. Pronounced risk aversion, 
a relatively large - U3 raises the portion of 
the resources a transactor allocates to in- 
vestment in information and reduction of 
uncertainty. 

We now introduce a third good into the 
jnonmonetary economy we have con- 
sidered. This good has zero direct marginal 
utility for each transactor.'8 It contributes 
to utility indirectly, however, by improv- 
ing a transactor's information and by re- 
ducing the variance of exchange ratios and 
thus the uncertainty about the bundles 
obtained in market exchange. We assume 
that the third good has the following 
properties: 

* * * 
0e13 0e12 0e32 

(19 (e18_|1) O z(e4|I) ( (e32_|I) 

These conditions state that the third good 
reduces the transactor's cost of acquiring 

reliable information. With the same in- 
vestment in information, he increases the 
expected value of the sample maxima 
(e, e4) and reduces uncertainty. 

The introduction of a roundabout 
method of exchange using a good that 
gives transactors increased value of in- 
formation at relatively low cost offers an 
opportunity not previously available. 
Transactors are no longer restricted to 
choosing between allocations to reserva- 
tion demand, trade, and investment in in- 
formation. They may now choose transac- 
tion arrangements, i.e., they can obtain 
Y2 either by exchanging part of R1 di- 
rectly at the exchange ratio e* or by first 
acquiring the new good at exchange ratio 
e13 and using good 3 to obtain Y2 at the 
exchange ratio e32 

As before the initial constraint in terms 
of Ris 

(12) R, = C1 + Xi + I, 

The transactor wishes to acquire Y2 by 
trading Xi and investing I,. The market 
transformation is expressed by Y2 
= X1t (I1) where 

e*1 11(Ih) = e72(Ii) 

(20) 
t2(I,) e13(I,) e32(I,) 

The transactor desires to maximize the 
utility function 

(16) U[e(Y2), Cl, V(Y2)] 

by suitable choices of Cl, I, and market 
transformation ti, subject to the endow- 
ment constraint. The optimizing problem 
can be rewritten as the maximization of the 
function 

U[(R - C - IJ)ti) Cl, v[(Ri - C, - 1)ti] 

with respect to Cl, I, and ti (i= 1, 2). The 
first-order conditions for C1 and I, are 

(21) Ulti = U2 

av(t ) ati lU3 0J( 
(22) -V-(= CO - b3 + (V(ii) =c1 

gi 
+ 

T (i 

18 We do not make this assumption in the formal 
analysis of the previous section. The assumption is 
introduced here only to simplify the graphical presenta- 
tion, specifically to avoid superimposing a second in- 
difference map on the mal) in the figure. In the more 
general analysis of the previous section there are a large 
number of commodities and potential transaction chains. 
The number of chains depends on the number of com- 
modities. Under our maximizing procedure, at least one 
of these chains is optimal. In the graphical analysis, TV2 

represents this chain. 
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where V(ti) = (R1-Ii)ti, and v(ti) = v [X1 . ti]. 
The two equations determine C1 and I, as 
a function of ti. Replacement in the utility 
function gives 

UT[ X 1(ti)ItiJ C1(t% i),v[X 1(t i)ti] | 

and the stage is set for the choice of the 
optimal transaction arrangement. 

Figure 2 shows the choice of transaction 
arrangement. With this choice, the trans- 
actor determines the value of information 
obtained from a given investment, I,. The 
curves V, or V2 represent two alternative 
transaction arrangements. The differences 
in the value of the information obtained 
from a given investment depends on the 
properties of the joint conditional dis- 
tribution 7r(e, 4, e e*I) of the three 
exchange ratios. Since information about 
types of transaction chains decays slowly, 
the intercept of the curve V2, describing 
chain t2, is above the intercept of V1. The 
diagram also shows an earlier and higher 
maximum for transaction chain t2. Since 
V2 lies above V1 throughout the ascending 
branch of V1, a trader gains from using 

transaction arrangement t2 throughout 
this range. This effect is reenforced by the 
shift of the indifference map resulting from 
the greater reduction in variance per unit 
of I. The selection of t2 and the use of an 
asset with well-known properties permits 
the transactor to trade at a more favorable 
exchange ratio and reduces uncertainty. 
Thus, the choice of t2 instead of t' raises the 
transactor's welfare. 

Figure 2 shows the productivity gain 
resulting from the choice of transaction 
arrangements in two distinct ways. One 
measure of the gain is the smaller invest- 
ment in information required to obtain 
information of given value. For example, 
the transactor can obtain information 
with value OM either by investing IP and 
using transaction arrangement V1 or by 
making no investment in information and 
using transaction arrangement V2. The 
productivity gain is equal to the saving of 
resources (If). This saving permits the 
transactor to trade at the maximal ex- 
change ratio represented by (the solid) 
budget line 2 instead of the maximal ratio 
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represented by (the dashed) line 1. Sim- 
ilarly, point OQ shows that the combina- 
tion of V1 and I... produces the same value 
of information as the combination V2 and 
IR. By choosing transaction arrangement 
V2, the transactor reduces the cost of 
acquiring information of value OQ by 
IK'-I'. The saving in cost becomes avail- 
able for consumption and exchange. The 
production of unchanged value of infor- 
mation with a smaller input of resources is 
a measure of the marginal productivity of 
transaction arrangement V2. 

An alternative measure of the produc- 
tivity gain is the increase in the value of 
information obtainable with unchanged 
investment. The distance PR on the e(Y2) 
axis is the increased value of information 
(in units of Y2) obtained with investment 
fl' and the choice of transaction chain 
V2 instead of V1. By using V2 the transac- 
tor is able to trade at the ratio given by 
budget line 4 rather than the lower ex- 
change ratio given by constraint 3. Thus, 
careful choice of transaction arrangements 
increases the productivity of a transactor's 
resources and his utility. 

The results obtained in our world of 
three commodities apply to an n-com- 
modity world in which there are numerous 
alternative transaction arrangements and 
many transactors. Each transaction ar- 
rangement can be represented by a curve 
on the left panel of Figure 2 showing the 
value of information obtained with a given 
investment of resources in information. 
Our first postulate implies not only that 
the curves differ substantially but that the 
optimal transaction arrangement for an 
individual transactor the highest curve- 
involves indirect exchange, i.e., the use of 
an intermediate asset that reduces his cost 
of acquiring information about market 
opportunities. Our second postulate im- 
plies that what is true for the individual is 
true for most members of the social group. 
The transaction arrangements that are 

most productive for the individual are also 
most productive for a dominant portion 
of the group. 

The assets used to reduce the cost of 
acquiring information and transacting are 
money for the group or society. The social 
and private productivity of a medium of 
exchairge results from the use of transac- 
tion chains involving assets with these 
properties. Where knowledge of market 
opportunities and the qualities of goods is 
neither costless to obtain nor uniformly 
distributed, the use of money as a medium 
of exchange reduces the resource cost of 
exchanging. In the following section, we 
consider the social productivity of money 
and some implications of the analysis for 
the type of assets chosen as mediums of 
exchange and used as money. 

III. The Social Services of Money 

For individuals, money is a substitute 
for investment in information and labor 
allocated to search. By using money, in- 
dividuals reduce the amount of informa- 
tion they must acquire, process, and store, 
and they reduce the number of transac- 
tions in which they engage to exchange 
their initial endowments for optimal bas- 
kets of goods. The use of money increases 
the welfare of each money user by reduc- 
ing uncertainty, the length of transaction 
chains, and the variance of price ratios 
and by increasing expected wealth and 
time available for leisure. Whatever other 
services create a demand for the assets 
that serve as mediums of exchange, their 
use as mediums of exchange increases de- 
mand. Individuals find it advantageous to 
allocate part of their wealth to money. 

What is true for individuals is in this 
case true for society. The convergence of 
optimal transaction arrangements gener- 
ates an aggregate demand for the assets 
used as mediums of exchange. The in- 
creased demand to hold inventories of 
these assets (money) is independent of the 
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previous uses of the assets and, of course, 
increases the (relative) prices of the as- 
sets. The average amount held in inven- 
tories depends on the prices of the assets 
held, the prices of alternative assets and, 
thus, on the relation between net marginal 
productivity and marginal cost. 

Once inventories of money are held, 
payments and receipts are no longer 
synchronized. Lack of synchronization, 
however, does n;ot explain the use of hold- 
ing of money anymore than the holding 
of money explains the lack of synchroniza- 
tion. Both are a result of the superior 
productivity of indirect methods of ex- 
change, the smaller resource cost of acquir- 
ing information and transacting in a mone- 
tary economy."9 

The use of money encourages the de- 
velopment of the market system by lower- 
ing the costs of acquiring information and 
transacting. With the expansion of the 
market, opportunities increase for profes- 
sional middlemen and specialized traders 
to exploit the partial and incomplete dis- 
tribution of information about particular 
commodities. Specialized traders substi- 
tute for a wider and more general distri- 
bution of information. The use of money 
also affects the intertemporal allocation of 
resources. Deferred payments, borrowing, 
credit and the payments system expand 

when a standardized asset with well- 
known properties becomes available. The 
reason is that transactors become more 
willing to enter into contracts calling for 
deferred payment. 

The magnitude of the net social produc- 
tivity of money is not constant but varies 
with the degree of uncertainty about 
market conditions, including exchange 
ratios and the quality of goods. Acceler- 
ated technological changes or innovations 
that change the qualities of goods and in- 
crease the number or types of goods raise 
the productivity of money. Large fluctua- 
tions in economic activity also raise costs 
of acquiring information and the produc- 
tivity of money. Our analysis implies that 
the demand for mediums of exchange is 
higher in periods of rapid change than in 
periods of gradual or relatively steady 
change. The longer the period of steady, 
gradual change continues, the lower the 
productivity of money and the smaller the 
demand for assets that reduce costs of 
acquiring information by serving as me- 
diums of exchange. 

A stationary state or a world of steady 
growth are the limiting cases of economic 
theory. Tastes, technology, anticipations, 
population, and types of product are either 
invariant or change in a known, fully 
anticipated way at a steady rate. The 
marginal cost of acquiring information 
falls and in the limit approaches zero. 
Transaction chains no longer differ by the 
saving of costs of acquiring information 
and differ only by the costs of transfer. 
The main condition leading to the selec- 
tion of a small group of assets as money, 
and therefore the main source of the dis- 
tinction between money and nonmonetary 
assets, disappears in the stationary state or 
world of steady growth.20 

19 In a well-developed market economy, most of the 
net miiarginal productivity of money probably results 
from the saving of costs of transacting, while the total 
productivity of money depends on the reduction in 
costs of acquiring information and costs of exchanging. 
The difference between our analysis and the usual 
analysis of "transaction costs" (see Baumol, Tobin 
(1956)) is that the total productivity of money in the 
familiar Baumol and Tobin analyses is almost the same 
as the marginal productivity in our analysis. The reason 
is that Baumol-Tobin transactors face fixed payment 
schedules, whereas our transactors optimize over all 
transaction arrangements. The Baumol-Tobin analysis 
has been used recently by Samuelson (1969), Clower 
and Johnson to equate the productivity of money with 
the "shoe leather" saved by avoiding trips to the bank 
or the market place. Their analyses understate the total 
contribution of money to wealth by neglecting the im- 
provement in the opportunity set shown in Figure 2 and 
discussed in the text. 

20 In the terms of our formal analysis, the effect is 
conveyed by the distribution 7r(IE P). The coordinates 
of the vector P summarizes the representative individ- 
ual's information about market opportunities. The 
greater the frequency of change in market conditions, 
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Hyper-inflation and hyper-deflation pro- 
vide examples of changes in the marginal 
cost and marginal productivity of holding 
and using money. In both, the increased 
frequency of change in market conditions 
increases uncertainty and the variance of 
exchange ratios and thus raises the mar- 
ginal productivity of money. But the 
marginal cost of holding money increases 
in hyper-inflation as the rate of inflation 
increases. Transactors are induced to 
choose transaction chains that avoid the 
inflation tax, even if such chains use more 
resources for transactions. 

The search for new transaction chains 
and the abandonment of old is commonly 
mistaken for a return to barter. The pro- 
cess does not restore either double-coin- 
cidence exchange or the random selection 
of mediums of exchange. Transactors 
concentrate their search on those transac- 
tion chains that offer at least the same 
expected gain in wealth as existing me- 
diums of exchange. The assets that replace 
existing money may have higher marginal 
costs of acquiring information and trans- 
acting. If so, they must have lower mar- 
ginal holding costs than the existing 
money. 

Our analysis implies that continued 
and accelerated hyper-iinflation eventually 
comes to an end. The economy gradually 
adopts a new money and a new set of 
transaction arrangements. The process of 
search and social convergence is not cost- 
less for the individual transactors or the 
society. Governments or private producers 
can reduce the social cost of introducing 
new mediums of exchange and the transi- 
tion to the new transaction arrangements 
by introducing new assets with properties 
similar to the old and effectively control- 
ling the quantity produced. 

A large deflation also increases uncer- 

tainty and induces transactors to recon- 
sider transaction chains. Unlike hyper- 
inflation, the search for new transaction 
chains in a deflation does not replace exist- 
ing mediums of exchange but adds new 
ones. The relatively high yield on money 
puts a premium on the search for assets 
that are close substitutes for the existing 
mediums of exchange have similar in- 
formation and transfer costs and lower 
yield. New types of money evolve to 
supplement the existing money and in- 
crease the available stock of real balances. 
Adjustment to severe deflation, therefore, 
is not concentrated solely on the price 
level and rate of price change as in growth 
theory. New supplies of real balances are 
produced by the search for alternative 
transaction chains. 

Our analysis of the use of money implies 
that both inflation and deflation are stable 
in a certain technical sense. In inflation 
new monies are substituted for old; in de- 
flation supplementary monies are intro- 
duced. But the evidence, from periods of 
hyper-inflation and severe deflation alike, 
reveals the sizeable resource costs as- 
sociated with the stabilizing mechanism. 
Hyper-inflation or deflation reach rela- 
tively high levels before transactors begin 
to replace existing money or add new 
money. The high costs that individuals are 
willing to pay before beginning to search 
for new or supplementary arrangements 
suggests the size of the benefits received 
from the use of a dominant medium of 
exchange. 

The size of the net social productivity of 
money also depends on the assets selected 
as mediums of exchange. Once the com- 
munity uses some assets as money, the 
private and social benefit can be increased 
by substituting claims against commod- 
ities for commodity money. Individuals 
gain from the use of substitutes for com- 
modity money if the reduction of costs of 
acquiring information and transacting 
more than compensates for the increased 

the poorer his information. In the stationary state his 
information increases without offset and approaches 
full information. The variances and covariances of the 
7r function decline. See fn. 11. 
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variability of exchange ratios. Society 
gains because the use of claims and fiat 
paper money reduces the resources used to 
make exchanges in three main ways. First, 
paper money permits society to develop a 
fractional reserve money system and to 
produce the same nominal stock of money 
at lower resource cost. Second, the use of 
claims encourages the development of 
privately produced money and with it the 
development of the payments system. The 
cost of acquiring information about the 
qualities of paper money, whether pro- 
duced by government or by private pro- 
ducers, is lowest if the paper money starts 
as a claim against commodity money. 
When information about the paper money 
becomes widespread, paper money retains 
the property of general acceptability even 
if the claim against commodities is re- 
moved. Third, paper money frequently 
lowers the resource cost of transfer and 
exchange. This somewhat less than general 
proposition recognizes that both costs and 
benefits are affected and that the size of the 
net benefit from the use of paper money 
depends on the prevailing monetary ar- 
rangements. 

Monetary history offers numerous ex- 
amples of changes in monetary arrange- 
ments that reduced marginal costs of in- 
formation or transfer for the assets used in 
optimal transaction chains. Coinage is one 
of the earliest, ancl bank credit cards one 
of the most recent steps extending the 
range and use of mediums of exchange by 
reducing these costs.2' Suppose, however, 
paper money is not introduced by a central 
bank or government but emerges in re- 

sponse to the public's search for optimal 
transaction chains. Many different pro- 
ducers are induced to issue paper money 
as a claim against commodity money. The 
social benefit resulting from the use of 
lower cost money is partly offset by the 
higher cost individuals pay to acquire in- 
formation. The legislation of 1844 in En- 
gland and of the 1860's in the United States 
that reduced the number and types of 
notes in circulation by restricting the 
right to issue notes are examples of in- 
stitutional changes that raised economic 
welfare by reducing costs of acquiring in- 
formation. The requirement of par collec- 
tion of checks under the Federal Reserve 
Act is another example. 

Nothing in our analysis implies either 
that society converges to a single medium 
of exchange or that the productivity of 
money and the contribution of money to 
wealth is limited to a single monetary as- 
set. Different types of assets some pri- 
vately, some publicly produced appear 
in the transaction chains adopted by mem- 
bers of the group and in the transaction 
chains of a single transactor at different 
times. These differences in the choice of 
transaction chain reflect differences in 
marginal cost that depend on the type of 
transaction and the transactor's informa- 
tion. Even in highly developed economies 
with extensive monetary institutions, 
transactors can use specialized informa- 
tion to develop transaction arrangements 
that lower transfer costs by avoiding the 
use of money. Moreover, sectors of an 
economy that develop specialized infor- 
mation about the properties of particular 
assets often find it useful to develop 
specialized mediums of exchange.22 21 Credit cards centralize information about deposit 

users, reduce a seller's cost of acquiring information, 
encourage the separation of payments and purchases 
and thereby iincrease (relatively) the use of deposits as 
a medium of exchange, lowering the ratio of currency 
to cleposits. Lowering the costs of acquiring information 
and transferring via deposits lowers the net marginal 
productivity of deposit inventories. Average inventories 
of deposits are reduced; velocity increases. 

22 The development of the Federal funds market is 
an example. Corporate mergers offer examples of the 
way in which the allocation of human wealth (skilled 
specialists) reduces cost by avoiding money as a medium 
of exchange. By offering the owners of the merged firm 
deferred equity claims of various kinds, the purchasers 
reduce or defer the tax liabilities of equity owners, 
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Our analysis suggests an extension of 
Gresham's law-cheap money drives out 
dear at fixed exchange rates to the case 
of multiple mediums of exchange with 
variable or floating exchange rates. With 
floating exchange rates, stable monies 
drive out variable monies. Consequently, 
government or private producers desirous 
of maintaining the circulation of govern- 
ment and privately produced monies have 
found it desirable to provide arrange- 
ments for exchange of one money for the 
other on demand.23 More importantly, 
issuers of privately produced money ex- 
pand the market for their product by 
maintaining a fixed exchange rate. By 
doing so, they lower the users' cost of in- 
formation and increase the demand for 
their product. Businessmen, bankers, and 
government officials have used similar 
reasoning to press for fixed exchange rates 
between national monies. 

Throughout our analysis we have iden- 
tified money with the medium of exchange. 
This usage has been criticized on two 
grounds. Tobin (1963) is one of the last in 
a long line emphasizing the existence of 
close substitutes for money. Tobin's crit- 
icism is part of a position discussed above, 
that ignores costs of acquiring information 
and attributes the total productivity of 
money to its role in synchronizing receipts 
and payments and reducing brokerage 
costs. Friedman and Schwartz (1970) also 
criticize the notion that money is a me- 
dium of exchange. They describe money as 
a "temporary abode of purchasing power" 
and argue that the term medium of ex- 
change is an a priori notion devoid of 
empirical content. As an example of the 
deficiency of the medium of exchange con- 
cept, they cite the difficulty of using units 
of currency with large denominations or 

using checkable deposits in unfamiliar 
environments. Their argument is insuffi- 
cient for the conclusion they have drawn. 
The use of checks and bills of large de- 
denomination often involves substantial 
costs of acquiring information and ex- 
changing. On our analysis, it is not sur- 
prising that neither circulates in unfamil- 
iar environments.24 

Defining money as a temporary abode of 
purchasing power does not distinguish 
between properties of assets or between a 
monetary and a barter economy in a man- 
ner independent of the medium of ex- 
change function. As our earlier discussion 
shows, transactors hold intermediate goods 
temporarily in a barter economy as one 
of the items in a transaction chain-if 
their best information suggests that by 
doing so they can make more advanta- 
geous exchanges. 

The recognition of the central role of a 
medium of exchange does not imply that 
the collection of assets that serve as me- 
dium of exchange is most appropriate for 
explaining movements of the general price 
level. A definition embracing a larger col- 
lection of assets is appropriate if there are 
close substitutes for the medium of ex- 
change on the supply side. In this case, 
slight changes in relative prices reallocate 
output between the medium of exchange 
and other assets, so the collection of assets 
most useful for explaining changes in the 
general price level differs from the assets 
that serve as medium of exchange. How- 
ever, even if evidence suggests that a 
broader collection is justified empirically 
and the term money is used to refer to the 
broader collection, the significance of the 
medium of exchange function and its im- 

raising the owners' wealth and reducing the cost of 
acquisition. 

23 This is the rationale for the instant repurchase 
clause discussed by Pesek and Saving. 

24 Five and ten thousand dollar notes never circulated 
widely but were used primarily for transactions between 
banks where the marginal cost of acquiring information 
about the notes was low. With the development and 
extension of the F'ederal funds market and other lower 
cost means of making interbank transfers, the use of 
bills of large denomination declined markedly. 
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portance for explaining the productivity 
of monetary assets remains. 

IV. Conclusion 

The use of money remained puzzling 
as long as the theory of exchange was re- 
stricted to the case of perfect certainty, a 
world in which information about market 
prices and the qualities of goods and ser- 
vices is obtained at zero cost. Standard 
price theory eliminated the main reasons 
for the existence and use of money by 
confining choice to three options pro- 
duction, consumption and exchange--and 
setting costs of acquiring information 
about exchange opportunities and qual- 
ities of goods to zero. With costs of execut- 
ing transactions zero and information a 
free good, there are no costs of shopping to 
assure that exchanges take place at the 
most favorable prices and no benefits from 
reducing the resource cost of executing 
transactions and eliminating cross-hauling 
of commodities. Any asset is just as usable 
as any other for executing transactions 
and discharging obligations. As a result, 
attempts to explain the use of money 
generally accept some consequences of the 
use of money such as lack of synchroniza- 
tion as an explanation of the existence of 
money. 

Our analysis extends the theory of ex- 
change to include the cost of acquiring 
information about market arrangements, 
relative prices, or exchange ratios. Indi- 
viduals search for those sequences of 
transactionis, called transaction chains, 
that minimize the cost of acquiring in- 
formation and transacting. The use of as- 
sets with peculiar technical properties and 
low marginal cost of acquiring information 
reduces these costs. Money is such an 
asset, and the private and social produc- 
tivity of money are a direct consequence 
of the saving in resources that the use of 
money permits and of the extension of the 

market system that occurs because of the 
reduction in the cost of making exchanges. 

Money is a substitute for the specialized 
market skills that are part of a transactor 
stock of knowledge or "human wealth." 
Resources allocated to search and to main- 
taining market information can be real- 
located once money is used as a medium 
of exchange. Trade and the market system 
expand, and the economy becomes in- 
creasingly monetized. More and better 
quality information becomes available 
with the expansion of the market and the 
opportunities for division of labor that 
lead to the development of professional 
transactors such as brokers and specialists. 
The use of a unit of account further re- 
duces the cost of making exchanges. 

We do not attempt to explain the hold- 
ing of money except in the trivial sense 
that the use of an asset implies that the 
asset is held. Nevertheless the analysis 
helps to explain why money continues to 
be used even in periods of accelerating 
inflation when the cost of holding money 
reaches very high levels. 

By analyzing the productivity of money 
and relating the productivity of money to 
the analysis of trade in an exchange 
economy, we clarify the meaning of the 
phrase "the services of money" and sug- 
gest by implication the benefits that would 
accrue to the world economy from the use 
of a medium of exchange. Since the saving 
in brokerage costs or "trips to the bank," 
that is generally presented as the total 
product of money, is only the marginal 
product of money in our analysis, the 
gains from using money in international as 
in domestic exchange are considerably 
larger than is generally claimed. (See 
Baumol, Clower, Johnson, Samuelson 
(1969), Tobin (1965).) Once we leave the 
world of certainty and costless informa- 
tion, both the private and social produc- 
tivity of money rise; the use of money 
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ceases to be puzzling and becomes, in- 
stead, an implication of optimizing be- 
havior. 
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