View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Research Papers in Economics
Federal Reserve Bank of Minneapolis Quarterly Review
Vol. 24, No. 3, Summer 2000, pp. 11-21

Knowledge of Individual Histories
and Optimal Payment Arrangements

Neil Wallace

Adviser

Research Department

Federal Reserve Bank of Minneapolis
and Professor of Economics
Pennsylvania State University

Abstract

This article reviews recent work that generalizes a random matching mode of
money to permit there to be a mix of transactions. some accomplished through
the use of tangible media of exchange and the rest through some form of credit.
The generdizations are accomplished by specifying assumptions about common
knowledge of individuad histories that are intermediate between no common
knowledge and complete common knowledge. One of the specifications permits
a smple representation of the sense in which more common knowledge is
beneficid. The other permits a comparison between using outside money and
using indde money as a medium of exchange.
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Not so many years ago, when | used a credit card at As regards the second defect, a long tradition asserts
some retail outlets, the clerk would consult a printedthat monetary exchange is helpful in overcoming diffi-
document that contained the numbers of cards whiclulties of exchange, difficulties that economists now call
were not to be accepted. From the well-worn look of theabsence-of-double-coincidence difficulties. Because the
document, it seemed that an updated version was issuagkneral equilibrium part of the model has complete com-
perhaps, once a week. Now, of course, credit cards angetitive markets-and, therefore, does not depict absence-
checked almost instantaneously as cards are swipexf-double-coincidence difficultiesthe model cannot dis-
through an electronic reader. A plausible surmise is thgplay any sense in which monetary exchange is helpful.
a consequence of the change is that credit cards are usedThe history of monetary theory in the last half century
more frequenth—primarily because more rapid check- is a history of attempts to overcome these two defects.
ing of credit histories makes it ditable to offer credit The incoherence has been relatively easy to overcome. In
cards to more people. Therefore, the economy comegsarticular, economists have become adept at formulating
closer to being cashless. What is perhaps less evident é@herent intertemporal models in which money is given a
whether the enhanced ability to maintain, access, and upele through one of the following devices: real balances
date records is a crucial determinant of how transactionas an argument of utility or production functions, cash-in-
are made. This article reviews recent theoretical workadvance constraints, or transaction costs. These approach-
that suggests that such ability is crucial. The work ap-es, however, are widely viewed as shortcuts and not as
plies mechanism design' to model environments to illus- serious attempts to overcome the second defect. More-
trate how optimal payment arrangements and the impliedver, as | will explain, these approaches are almost cer-
level of welfare depend on the ability to maintain, ac-tainly not valid shortcuts or summaries of models which
cess, and quickly update records of individual histories. do depict the sense in which monetary exchange is help-
The first section of the article defends my focus onful.

knowledge of individual histories and my use of mecha- To proceed to a more detailed discussion of the sec-
nism design. In particular, | argue, largely on the basiond defect, | will déne monetary exchange to be the use
of other peoples work, that assumptions about the ex-of a tangible but intrinsically useless object (for example,
tent to which knowledge of individual histories is public shells, stones, or pieces of paper) as a medium of ex-
knowledge ought to play a crucial role in good theorieschange. Then a minimal condition for overcoming the
of money. Then | turn to recent applications of that con-second defect is to have a setting or environment in
clusion which take place against the background of ranwhich the use of such an object, from now on called
dom matching models of money. First | describe themoney, is essential in the sense that its presence makes
consequences for welfare and the use of outside mongyossible outcomes that could not be achieved in its ab-
of a lag in updating the public record of individual his- sence.
tories. (See Kocherlakota and Wallace 1998.) Then | To make such a claim precise, | need an institution-
describe the consequences for the roles of inside arfdee way to describe what outcomes can be achieved with
outside money of having some people with known his-and without the use of money in a given environment.
tories and others with unknown histories. (See CavalThat, in turn, calls for the application of mechanism
canti and Wallace 1999a, bIn§ide money is a form of  design to the environment. The application of mechanism
private credit; it is someore liability. It could also be design leads immediately to a very general result that
called private moneyOutside money, in contrast, is a net justifies a focus on knowledge of individual histories.
asset for the economy as a whole.) The result is that imperfect knowledge of individual his-
A Theory of Money tories i_s necessary for the essentiality of money. This
| start from what ought to be common ground: the classiy’ ecessity claim goes back at least to a 1973 paper by

. X ’ Ostroy (1973). (See also Townsend 1989 and Kocher-
cal o_hchotomy and the quantity _theory of money. To beII akota 1998.)
D e oo, o (o b, & AT A simle way toprove the necessiy clain i 0 pro
tive prices) and a single quantity theory equation, whic ceeq by contradlcthn. _T_ake any model W'th. complete
can be interpreted as a supply-equals-deman d—fo,r—monlgzb“c knowledge of individual histories and with money

) X | oA . . and show that the outcome of any game that makes use
equation. This model is recursive in that the variables i

the general equilibrium part are determined without ref—manlg: nueséc;nn? gngumg;;%’nbyu;%?mgv hiclhmdé);ns not
erence to the quantity theory part, which, given thos Y- 9 Y

; . . . Shat holdings of it at some point in timefinence what is
variables, determines the price level. This model has twi roduced and consumed. Bgt making use of money, |

;g%ﬁ gf:ﬁgfétg IS g(i?]r;?]regt and it fails to address th ean that holdings of it are ignored. That is, start with a
etary ge. ame that makes use of money. Then create another
To see the incoherence, notice that the general equi

librium part of the model is a complete description of ago ne that is identical except that the role of money in
P X plete P the first game is replaced by an intangible state variable
nonmonetary economy with a spication of people,

references. endowments. resources. and technolo ithat exactly mimics the money in terms of individual en-
P ’ ’ ' JBwments and individual transitions from one amount of

When | add the single quantity theory equation, | am le oney to another. In addition, let money be ignored in

to ask who owns the money and why it has value, amon . . 4
other questions. Patinkin (1965) pointed out a symptorr?n e new game. (Mathematically, let the intangible state

T ) ; . variable be in the same set as money. Thus, if money
gv\;{h's incoherence: the model fails to satisfy Walras holdings are a nonnegative real number, then let the in-

tangible state variable be a nonnegative real number.) It



follows that the two games have the same set of equieach period, each person meets one other person at ran-
libria. dom. That is, the probability of meeting persons of a
To elaborate a bit, notice that the assumption that inparticular type is equal to that type’s weight in the pop-
dividual histories are known implies that whatever isulation. For example, the probability that a given person
known about holdings of money can also be knownmeets someone who produces what the given person
about the intangible state variable. Also, because theonsumes is NN.
money is an intrinsically useless object, the intangible Why assume random meetings in pairs? Implicit in
state variable can fully substitute for it under whateverall descriptions of absence-of-double-coincidence diffi-
constraints applied to the initial allocatierparticipation  culties is that not everyone is together. A general model
constraints or truth-telling constraints. That would notwould posit costs of people getting together. The model
be true if money were a commodity like oil, which has studied here is an extreme version in which meeting one
nonmonetary uses. And, again, because the money is gerson in a period is free and meeting any other person
intrinsically useless object, it can be completely ig-in that period is infinitely costly. When put together with
nored—something which would not be true if money the assumed specialization in consumption and produc-
were an ordinary commodity. Finally, the assumptiontion, such meetings in pairs give rise to a complete
that individual histories are known is crucial. If not, the absence of double-coincidence meetings. The one free
intangible state variable can be misrepresented to an ereeting could conceivably be made exogenous or en-
tent that money holdings cannot, because money holdiogenous. (See Corbae, Temzelides, and Wright 2000 for
ings are tangible. a model in which it is endogenous.) Here it is made exog-
The necessity result can be used as a basis for a criighous. When these models were first formulated, the ran-
cism of the shortcut models mentioned earlier and oflomness was adopted because it is the simplest form that
some other monetary models. In particular, imperfecsuch exogeneity can take. For the analysis that follows,
knowledge of individual histories and its consequenceshe randomness and implied uncertainty are crucial. The
—for example, for credit-do not appear in those mod- randomness amounts to assuming that a person may or
els. Therefore, those models are not consistent with thenay not encounter a consumption opportunity and may
essentiality of money. Put differently, imperfect knowl- or may not encounter an earnings opportunity. This is a
edge of individual histories should appear in those modeomplete-economy version of the kind of uncertainty re-
els if they represent valid summaries (sometimes calledarding expenditures and receipts that has long been a
reduced forms) of models in which money is essential. part of well-known partial equilibrium models of money
For what follows, | want to make a different appeal to demand. (See, for example, Miller and Orr 1966 and
the necessity result. Perfect knowledge of individual hisGoldman 1974.) More generally, some such uncertainty
tories implies no role for money. No knowledge of indi- has almost always been assumed in inventory theory.
vidual histories, while giving the greatest scope for a roleTherefore, it should not be regarded as a strange ingredi-
for money, leaves no role for credit in any form. An entin a model of trade.
obvious route to getting a mix of transactions, which is The absence of double-coincidence meetings and the
what exists in actual economies, is to specify some deperishable nature of the produced goods imply that no
gree of imperfect knowledge of individual histories. trade takes place without some tangible asset or some
form of credit. When these models were initially formu-

The Background Environment lated, the goal was to ensure the essentiality of tangible

| use a single background environment throughout, on ; . : A
that is adapted from the work of Shi (1995) and Trejosgssets' This was done by ruling out credit of any kind via

(1995), which, in turn, are adaptations of earlier work ofthe assumption that people are anonymous. A different

X . ) - way to rule out credit, which is convenient for what |
Kiyotaki and Wright (1989). As originally formulated, want to discuss, is to assume that people have known

these were simple settings which made explicit 10ng- 0 \iies a5 described above, but that they cannot com-
standing ideas about the connection between absence-

o e -~ Mit to future actions and that each person’s history is
210; d?féioé?(gﬁ::gcg difficulties and the need for tang'bleprivate information. Throughout, | will maintain the no-

In my setting, time is discrete. There axe> 2 per- commitment assumption. However, | will adopt less ex-

. : . : treme variants of the private-history assumption.
ishable types of goods in each period of timeé spe- The potentially helpful role of such knowledge is re-
cialization types of people, and a [0,1] continuum of

et X .~ lated to the uncertainty implied by the random meetings.
each type. Although | will limit attention to Symmetric " ciarion for the mechanism design problem | study
outcomes, | assume that each person is ffiledtby a

(specialization) type-an integer in the set {1, 2, .\} is an ex ante representive-agent criterion, ex ante in be-
and a real number in the interval [O-hn identiica- ing before the assignment of types and initial money

ion which | will assume throughout to be common holdings. If there were no incentive constraints, then the

knowledge. A typan person consumes only goadand best outcome according to that criterion would be con-
produces only gooch + 1, moduloN. Each person sumption and production equal ¥ in every single-

maximizes expected discounted utility with a discountf:O'nC'denCe meeting, wheyeis the solution to the max-

X . S ~77 imization of Z(y) = u(y) — y by the choice ofy. This
parametefl U (0’1.)' The period utility function is(x) outcome is unattainable under a fixed stock of outside
y, wherex O R, is the amount of the relevant good

consumed ang O R, the amount of the relevant good money if no commitment and privacy of histories are
= . . ant g assumed and if money is valuable in the sense that ex-
produced. The function is differentiable, is strictly in-

creasing, is strictly concave, and is such thé) = O, Egﬁjtﬁ]d S|scounted utility is weakly increasing in money
U'(0) = o0, and there existg > 0 satisfyingu(y') =¥. In gs.



The proof is by contradiction. If that outcome were
attained, then expected discounted utility a the start of
each period, before meetings, would be congtant and, in
particular, would not depend on money holdings. But
then people would be unwilling to produce to acquire
money. Nor would they be willing to produce without
acquiring money: with no subsequent knowledge on the
part of anyone else about whether people produced or
not, there could not be a pendty for failing to produce.
More generdly, sizable output would not be produced in
a meeting between a producer who has experienced a
long run of being a producer and a consumer who has
experienced a long run of being a consumer. The pro-
ducer, as a result of previous trades, would have a lot of
money and, therefore, would require a lot of money in
order to produce much now. But the consumer would
have little money because of previous expenditures. The
existence of such meetings suggests that there is a bene-
ficia role for other devices which can help free people
from dependence on their recent trades. As | will show,
some knowledge of individua histories makes that pos-
shle

Although it is not crucia for many of the results to
follow, | will use the smplifying assumption throughout
that money is indivisible and that each person can hold
at most one unit of it. | also assume that money is per-
fectly durable.

An Updating Lag

As pat of a research initigtive on payments sponsored
by the Research Department of the Federa Reserve
Bank of Minnegpolis, Narayana Kocherlakota and | took
up the question of how to represent the role of techno-
logica advances in payment arrangements. We began
with the necessity result and the background environ-
ment just described. Therefore, we knew about the best
mechanism in two extreme cases regarding knowledge
of individual histories: with no public knowledge, al
trade has to involve money, while with complete public
knowledge, money is superfluous (the necessity result).
We decided to formulate intermediate Stuations. Our
first thought was to follow some of the literature on
bounded rationality and assume that a limited chunk of
most recent history is public knowledge. At least as we
conceived of this approach, it would not work in the
setting just described. Even knowing what people did
last period seems to be equivaent to knowing everything
in that setting. In particular, it would seem sufficient to
know whether potential producers in single-coincidence
mestings in the last period produced the “right” amount.
Therefore, we looked for an dternative way of specify-
ing intermediate situations.

The dternative we pursued is a lag in updating the
public record of individua histories. (See Kocherlakota
and Wallace 1998.) Suppose that in each period t, there
is a complete record of individuad histories, but only up
tot — K for some postive integer K. Now consder the
possibility that each producer in a single-coincidence
meseting produces a positive amount y, as a sort of gift,
and that anyone who is discovered to have not produced
y never receives production from anyone ese. If a pro-
ducer considers defecting in some period by not produc-
ing, then the producer looks forward to K periods dur-
ing which he or she will be an undiscovered defector.

During that time the defector will not produce, but will
consume. Obvioudy, then, the sacrifice in terms of a fu-
ture payoff from defecting in some period is decreasing
in K and approaches zero as K — . In that sense, such
alag in updating histories works. It aso seems attractive
in terms of our origind god, which was to relate techno-
logica advances to the way transactions are made. Such
advances have made it possible to quickly update the
public record of individud histories.

The formulation we adopted was not a deterministic
lag, but a probabiligtic lag. We assumed that each period
there is a probability, denoted p, that histories are up-
dated fully. This specification produces an average lag in
updating, which is 1/p periods. Thus, a defector looks
forward to, on average, 1/p periods during which he or
sheisundiscovered. Thisis ahbit smpler than adetermin-
idiclag.

The only tangible asset in the model is a fixed stock
of outsde money denoted by m, where m [0 [0,1] is the
amount per specidization type. (If holdings are symmet-
ric across specidization types, then mis the fraction who
have a unit of money and 1 — mis the fraction who do
not.)

The timing is as follows. At the gart of a period, a
drawing determines whether the public record of individ-
ua higtories is updated. Then meetings occur. Then the
next period dtarts. Congderation is limited to a smple
class of determinigtic dlocations that are symmetric over
specidization types and are stationary. Given the sym-
metry, only single-coincidence meetings are relevant. In
each such meeting, there is a (potentid) producer and a
(potential) consumer. Let y; O R, denote production
when the producer has i units of money and the consum-
er hasj units, and let 3, [0 {0,1} denote whether there is
an exchange of money JhoI dings, where a; = 0 means no
exchange and g =1 means an exchange. Let (y,a) de-
note the collection of pairs (y;,a;) for i, j O {01} x
{0,1}.

Here | will say that (y,a) is (weakly) implementable
if there exigts some game which has a subgame perfect
Nash equilibrium with an outcome of (y,a). To formu-
late the dlaim about the set of (y,a) that is implement-
able, introducing notation for expected discounted utili-
ties is helpful. Thus, let v, and Vi be the expected
discounted utilities of a nondefector and an undiscov-
ered defector, respectively, with i units of money a the
gart of a period just before the new drawing that deter-
mines whether histories are updated. Also, for a sngle-
coincidence meeting in which the producer has i units
of money and the consumer hasj units, let P; and C; be
producer and consumer payoffs, respectively, from fol-
lowing (y,a) when everyone else follows (y,a). Then

D P; ==y, + Blayv + (1-a)v]
and
@ G = ulyy) + Blayv + (1-ay)v]-

Then | can express v, as

@ v=XY_ mMNEHG) +[1- X mN)]py



wherem, =1 - mand m, =m. [For agiven (y,a), equa-
tion (3) is a pair of linear Smultaneous equations in v,
and v, which have a unique solution in terms of (y,a).]

| write the expresson for vV under the assumptions
that defection once discovered gives a payoff of zero,
that everyone ese follows (y,a), and that the options in
any meeting are to behave according to (y,a) or to have
no trade in that meeting. Then

4  vill-p)= Zjlzo(n]/N)[maX(Pij 0) + max(Cj;,0)]

jir
+[1-3 mm]pv

where Pj; and Cj; are given by equations (1) and (2), re-
spectively, except thet v, appears in place of v, and
where the maximization functions appear because it is
codtless for a defector to defect again. [Thet is, Vi equals
the product of p and zero plus the product of (1-p) and
the right side of equation (4).] For a given (y,a), equation
(4) isapar of smultaneous equations in vy and v;. Al-
though equation (4) is nonlinear because of the maxi-
mization terms, it, too, has a unique solution in terms of
(V&)

The clam about implementability is that (y,a) is
(weakly) implementable if and only if there exist v and
V' such that (3) and (4) hald, v; = v, V| 2\ (the free
disposa conditions),

® PjzBv
and
6 Cj=pv.

The complete proof is given in Kocherlakota and Wal-
lace 1998. Here | want to outline the sufficiency part,
which shows that if (y,a) satisfies inequdities (5) and (6),
then (y,a) is implementable. | can associate with any
(v, the following game. In each mesting, the two peo-
ple move smultaneoudy and choose from the set {yes,
no} . If either plays no, then the mesting is autarkic: each
leaves the meeting with what was brought into the meset-
ing, and the person who plays no becomes an undiscov-
ered defector. If both play yes, then the action called for
by (y,a) is carried out. The following are proposed equi-
librium Strategies:

« After a defection has become public knowledge,
producers play no.

« If a defection has not become public knowledge or
has not been witnessed, then everyone plays yes.

« |f a defection has not become public knowledge but
has been witnessed, then the strategy corresponding
to the maximization termsin (4) is used.?

Given the condraints, it follows that thisis a subgame
perfect Nash equilibrium and that the associated outcome
is(y,a) because no one defects.

Kocherlakota and Wallace 1998 shows that for suffi-
ciently small vadues of p, those close enough to zero,
admog dl trade involves the use of outside money and
that for values of p close enough to one, outside money
is not needed. Aside from that description, the main re-
ault obtained there is that ex ante welfare, measured be-
fore initid assignments of money, is increasing in p.

This follows because V' is decreasing in p. Although
hardly a surprise, | know of no other model that displays
a sense in which technologica advances improve wel-
fare through their effect on the way transactions are
made. Notice dso that the monotonicity of welfare seems
not to depend on the assumption that money isindivisble
and that there is a unit upper bound on individua hold-
ings.

Known and Unknown Histories

The Kocherlakota-Wallace specification implies a mix of
transactions made using outsde money and transactions
made using gifts. | now turn to work in which transac-
tions are made using insde money and gifts.

In Cavacanti and Walace 19993, b, we pursued an
idea first broached in a conversaion with the late Rao
Aiyagari. The idea is to have some people whose histo-
ries are known and others whose higtories are unknown
and to have the former be issuers of insde money and
the latter be users of inside money. Behind this idea is
the notion that issuers of ingde money are making prom-
ises of some sort—perhaps to redeem inside money—-
and that people with known histories can be made to
keep promises.

To pursue that idea, we made two amendments to
the background environment described earlier. We as-
sumed that a given fraction of each specidization type,
denoted B, have known individua histories and that the
rest, the fraction 1 — B, have unknown individua histo-
ries, where B is a parameter. The parameter B can be
interpreted as the society’s capacity for keeping track of
individual histories. We aso assumed that each person
is equipped with a printing press that can turn out indi-
visible and perfectly durable objects cdled notes. Each
press turns out uniform notes, but the notes turned out
by any two presses are digtinguishable. The last proviso
is a way to rule out counterfeiting. In Cavacanti and
Wallace 19993, b, we cdled those with known histories
bankers and everyone else nonbankers. While | will
gtick with those labels here, notice that the only digtinc-
tion between bankers and nonbankers is what is com-
monly known about their histories. This specification is,
of course, another way to describe situations that are in-
termediate between complete privacy of individud his-
tories, B = 0, and complete public knowledge of indi-
vidua histories, B = 1.

If B =0 (everyone is a nonbanker), then, not surpris-
ingly, the existence of the printing presses does not mat-
ter. To see this, suppose that B = 0 and that there is a
fraction of nonbankers whose notes are trested uniformly
and accepted by other nonbankers. Then the note issuers
never produce—in particular, they do not produce to ac-
quire notes because they can dways issue new notes.
And, of course, the nonissuers never destroy notes.
Therefore, the stock of notes is growing without bound.
That, in turn, precludes the existence of an equilibrium
in which such notes are vauable. When B > 0, the same
argument does not apply. Those with known histories
can be induced by the threat of punishment to produce in
exchange for a note and to destroy the note. Despite that
possibility, | will ignore note issue by nonbankers be-
cause | am looking for optima, and | suspect that note
issue by nonbankers would not be optima because the



nonbanker issuers would never produce. From now on,
then, notes refers to notes issued by bankers.

In Cavacanti and Wallace 19993, we studied mech-
anisms which are smple in that and other respects. We
looked a mechanisms which are symmetric across spe-
cidization types and in which dl notes, dl those issued
by bankers, are treated symmetrically in equilibrium. We
adso imposed dationarity, which includes the require-
ment that the stock of notes held by nonbankers be con-
gsant and that actions of bankers depend on only one
feature of their histories. whether or not they have de-
fected. We aso assumed that note holdings are observed.
The crucid feature that permits existence of steady states
with vauable notes is the possibility of bankers being
punished if they defect. That threet induces bankers to
produce to acquire a note even though such production
is a gift because a note is usdess to them.

In Cavacanti and Wallace 19993, we ignored outside
money and attempted to say things about the solution to
the following optimum problem. Subject to participation
congdraints and to the steady-dtate conditions, choose
what happens in meetings to maximize nonbankers ex-
pected discounted utility subject to the choice leaving
bankers no worse off than nonbankers. We chose that
objective because history has no shortage of people and
groups proposing to governments that they be alowed to
issue objects that resemble the notes in our mode.® They
generdly say that their scheme is intended to improve
the welfare of others. Our objective took that professed
goal serioudy. At the same time, we do not expect the
issuers to end up worse off if their scheme is accepted.

Despite al the smplifying assumptions, this was not
a simple optimum problem. In addition to variables that
describe when notes get transferred and issued and de-
stroyed, the choice variables include five distinct output
amounts: the amount produced in exchange for anote in
a single-coincidence meeting between nonbankers, the
amount produced by a nonbanker in exchange for a note
from a banker, the amount produced in single-coinci-
dence meetings between bankers, and two amounts pro-
duced by bankers in meetings with nonbanker consum-
ers: one amount when the nonbanker has a note and one
when the nonbanker does not have a note. Thus, for ex-
ample, we did not impose that the amount a banker gets
from a nonbanker when a note is issued is the same as
that produced by a banker when redeeming a note or that
ether is the same as the amount that a note trades for
among nonbankers. In particular, then, notes can be re-
deemed for more than they trade for among nonbankers
which, in turn, exceeds what is given up to acquire a
note from a banker. Such a mechanism has notes bearing
interest in an expected value sense.

Unfortunately, we were able to say very little about
the solution to the optimum problem we posed. We
showed that an optimum has notes being issued, being
used by nonbankers, and being redeemed. But in other
repects we could say very little. We were not able to
demondtrate that the objective is increasing in B, that the
congraint that bankers be no worse off than nonbankers
is binding, or that an optimum has notes bearing interest
in the sense described above. Subsequently, we redized
that our mode could be used to compare inside and out-
side money as dternative ways of supporting exchange.

That comparison appears in Cavacanti and Wallace
1999h, where we produced the following strong result:
the set of implementable outcomes using outside money
isadtrict subset of outcomes using indde money. Thisis
the result | will discussin detail.

Wha exactly am | comparing? The outside-money
world has a congtant stock of outsde money and no note
issue. Having no note issue is implementable because if
bankers are not threstened with future punishment for
not producing in exchange for a note, then they are will-
ing not to produce to get one. Given this behavior of
bankers, then, notes, being intrinsicaly usdless, can be
ignored for the usud reason: if each person thinks that
others in the future will not produce to acquire notes,
then no one currently produces to acquire them. | have
adso imposed considerable symmetry and Stationarity.
Thus, | limit what happens in a single-coincidence meet-
ing to depend a most on the identity (banker or non-
banker) and state (having zero or one unit of outsde
money) of the producer and the consumer. It follows that
there are 16 potentia output levels. Although some are
obvioudy constrained to be zero by participation con-
graints—in particular, nonbankers never give gifts—it is
important to notice that the outside-money arrangement
dlows for gifts from bankers to each other and to non-
bankers.

The insgde-money world either has no outside money
or outside money exigts and is ignored. Given that out-
side money is an intrinsicaly useless object, ignoring it
is implementable. Then to facilitate a comparison with
the outside-money world, the same kind of symmetry
and dationarity is imposed. However, one didtinction is
important. As in the outside-money world, in the inside-
money world, the state for a nonbanker is note holdings.
However, the gtate for a banker is not note holdings, be-
cause bankers can aways issue notes.

| assume that each banker is in one of two States,
labeled O or 1. | need at least two states for bankers if |
am to accomplish the subset claim. Although these Sates
do not correspond to something tangible that bankers
hold, bankers can be made to carry around these dates
because their histories are known.* Thus, | can propose
something like the following: half the bankers of each
specidization type sart in state 0, and hdf dart in dae
1. In each period bankers switch to the other state, and
only those in state 1 issue a note in a meeting with a
nonbanker without a note. As part of Stationarity, | only
consder steady states in which the fractions who are
nonbankers in each state and who are bankers in each
state are congant.

A unified notation can describe outcomes under either
the indde-money or the outsde-money arrangement. Al-
though | will not present dl the details, some are needed.
Mogt of the notation is, again, for single-coincidence
mestings. | need three variables for such meetings one
to describe production, one to describe the state transi-
tion for producers, and one to describe the dtate transi-
tion for consumers. Thus, | let production (and consump-
tion) in a single-coincidence meeting be denoted by y‘fj'
The superscripts denote identity: k, | O {b (banker), n
(nonbanker)}, with k denoting the identity of the produc-
er and | the identity of the consumer. The subscripts de-
note states, with i denoting the state of the producer and |



the dtate of the consumer. | let p ;0 {o 1} denote the
state trangition of the producer and let q ' 0{0,1} denote
the dtate trandtion of the consumer, Where the super-
scripts and subscripts have the same meanings as they do
for production. Here 0 in the range means keep the cur-
rent state and 1 means switch to the other state. Notice
that were | describing only the use of outside money, |
could get by with a single money transfer variable that
describes whether or not the trading partners exchange
money holdings as in the Kocherlakota-Wallace modd.
Here, because bankers can issue notes in the insde-mon-
ey world, a nonbanker can be given a note no matter the
sate of the banker. Hence, | need separate state-transi-
tion variables. | aso need some notation to describe the
possihility that a banker gives a gift of money, either out-
side money or a note, in a no-coincidence meeting with a
nonbanker. (Although nonbankers never give gifts, agen-
erd notation for such gifts is helpful.) | let r‘fJ' 0 {01}
denote whether a person with identity k in Sate | switches
dates in a no-coincidence meeting with a person with
identity | in statej. (Again, 0 in the range means keep the
current state and 1 means switch states.) Findly, | need
notation for the distribution of bankers and nonbankers
across states. | let x¥ with k 0 {b,n} and i 0{0,1} denote
the fraction of each production-consumption specidiza
tion type who have identity k (b for banker, n for non-
banker) and who are in Sate i. Because each person must
be in one of the states, these fractions satisfy

M Yx=
and
® Y. x=1-B.

Denote an dlocation by (y,p,q.r.x), where each sym-
bal is the relevant collection of production, state trans-
tion, and digtribution variables. The steady-date condi-
tions are eadly expressed in terms of (y,p,a,r,X); | will not
repeat them here. In addition, restrictions are implied by
the preservation of outside-money holdings in al meet-
ings and by the preservation of note holdings in meetings
between nonbankers. Listed without qudlifications, they
are

9 pi=qi=rii=0
(10)  pij=af

and

(1) ri=rj

Equation (9) says that if both people in a meseting
have the same state, then neither can switch to a different
date. Equations (10) and (11) say that one person in a
meseting switches to a different gate if and only if the
other does. The crucia way in which the insgde- and out-
side-money worlds differ is that the date trangtions are
more congtrained in the outside-money world. When
outside money is used, (9), (10), and (11) must hold in
al mesetings. When inside money is used, they must hold
only in meetings between nonbankers, whenk =1 =n.

It is again convenient to express participation con-
draints in terms of expected discounted utilities. Let v¥

denote the expected discounted utility for a person with
identity k who dtarts a period in gate i. The dtationarity
implies that vk can be expressed implicitly in terms of an
dlocation by

(12)  NA-B)vf
ZI] ]{ U(yJ
+B[CIJ. +IO.J + (N=2)r {l(vi~vi)}

wherei" # i. Notice that for a given dlocation (y,p,q.rx),
equatlon (12) consigts of two pairs of equatlons each
par being two simultaneous linear equations in v§ and
vk Those equations have a unique solution.

Aside from the free disposd conditions, | consider
three congtraints. The first concerns production by bank-
es

13 _y|]+l3[p|] i  + (1~ Pi )Vb] 20.

Herei' # i. The others reguire that nonbankers have non-
negetive gains from trade when they consume and when
they produce. They are, respectively,

14 u(y;)) +Bla;ivi + (1-gV]] = Bv]
ad

(15) _ylj + B[plj it (1_p )Vn] 2 BV

where, again, i' £ i.

The implementability claim is that a steady-date d-
location (y,p,q,r,X), either an insde-money one or an out-
side-money one, is implementable if and only if there
exigt V¥ such that congtraints (12)—(15) and the free dis-
posa conditions hold. The same kind of game as de-
scribed for the Kocherlakota-Wallace modd can be used
here to show tha any such adlocation (y,p,q,1,X) is weskly
implementable. (See Cavacanti and Walace 1999b for a
proof.)

In inequdities (13)—(15), the left Sdes represent pay-
offs from not defecting and the right sides represent pay-
offs from defecting. For bankers, the payoff from defect-
ing is permanent autarky; for nonbankers, the payoff is
autarky in the meeting only. One consequence of (15) is
that a necessary condition for pogtive nonbanker pro-
duction is that the nonbanker switches dtates. In other
words, nonbankers do not engage in gift-giving. That is
not true of bankers. Inequdity (13) does not imply that a
banker must switch states in order to produce. Notice
dso tha the only banker activity that is condrained is
banker production. That is because banker defection
leads to autarky in the meeting and then to permanent
autarky. (See Cavdcanti and Wallace 1999b.) It follows
that a banker may be tempted to defect only when the
banker is asked to experience current disutility, namely,
when asked to produce. In particular, a banker is never
tempted to defect by issuing a note when the dlocation
says that a note should not be issued, as is dways the
case in what | am cdling outside-money allocations and
as may be the case for inside-money allocations. Findly,
notice that indde- and outside-money dlocations are not
digtinguished by different participation congtraints. There-
fore, as asserted above, the two kinds of alocations are



distinguished by the different restrictions on dtate transi-
tions that come from applying (9), (10), and (11) to al
mestings in the case of outside money and only to meet-
ings between nonbankersin the case of inside money.

With a more congtrained law of motion for individua
gates in the case of outsde money than in the case of
insde money and with identica participation congtraints,
the strict set inclusion result is an obvious consequence.
The subset result isimmediate. The strictness is achieved
by giving an example of an outcome that is implement-
able in the case of insde money, but not in the case of
outside money. That is easy to do. The example | give
involves having a banker consumer issue a note in any
meeting with a nonbanker producer who does not have a
note. That cannot happen in the case of outsde money
because the steady-state conditions would be violated.
All bankers would have to have a unit of outside money
and sometimes surrender it. If bankers dways have out-
side money, then they can never acquire a unit. By the
steady-state conditions, this implies that bankers never
surrender a unit, a contradiction.

In Cavdcanti and Wallace 1999b, we made substan-
tial use of the unit upper bound on money holdings only
when giving an example of an insgde-money outcome
which cannot be achieved using outsde money. There-
fore, | sugpect that the srict set incluson applies quite
generdly. In particular, it should survive both more gen-
era money holdings and richer dependence on banker
histories. In the case of outsde money, a banker’s ability
to acquire production from a nonbanker is tied to the
banker’s holdings of outside money, which depend on
the banker's previous trades. Using inside money, the
banker can aways issue a note and, therefore, is not con-
strained by recent trades. Nor does it seem essentid that
the insde-money world have no outsde money. | suspect
that | can reinterpret any insde-money steady Stete asone
in which the stock of notes held by nonbankers is a mix
of outsde and inside money.

As regards interpretation, to some extent the insde-
money world looks like a world of private bankers issu-
ing notes under an arrangement in which they agree to
redeem each other’'s notes. A modern analog of our
notes is stored vaue cards. However, because our bank-
ers are identica to everyone else and because they re-
ceive goods when issuing notes and give goods when
redeeming notes, it is at least as gpt to view the inside-
money world as a world of trade credit in which the is-
suers of trade credit redeem each other’s liabilities and in
which these liabilities trade hands among nonissuers.

Whatever | cal the notes and their issuers, the inside-
money world just described is a unified system in the
sense that al notes are treated symmetricaly. The same
model can be used to describe systems that are not uni-
fied. Here is one such system. Suppose that the set of
bankers is itsdf divided into equa-measure subsets.
Then the following is certainly implementable in the in-
sde-money world. A banker producer is not punished
for treating a nonbanker with a “wrong” note, a note is-
sued by a banker not in its subset, exactly as the banker
trests a nonbanker without a note. This is congstent with
nonbankers treating dl notes symmetrically because the
probability of a note being right or wrong does not de-
pend on who issued it. The lack of punishment for not

redeeming wrong notes implies that banker production
for nonbankers with wrong notes is the same as produc-
tion for nonbankers without notes. Since this redtriction
is not present in the case of outsde money, | conjecture
that the subset result fails when such a nonunified sys-
tem isimposed. In other words, if the mechanism design
problem is congtrained to have a nonunified inside-mon-
ey sysem, then there is arole for both inside and outside
money in the sense that the sets of outcomes using ex-
clusively one or the other are not subsets of each other.
Another conceivable way to get roles for both outside
and insde money is to make the knowledge of individu-
d histories of bankersimperfect.®

Concluding Remarks

Has anything worthwhile come out of this modeling en-
deavor? Are there new insights? | have emphasized two
results. In the Kocherlakota-Wallace (1998) representa
tive-agent setting, shortening the lag with which individ-
ual higtories are made public knowledge enhances wel-
fare. In the Cavdcanti-Wallace (1999, b) setting in
which some people have known histories and others un-
known higtories, inside money can achieve drictly more
dlocations than outsde money. Although the first result
is not surprising, it does require a background setting in
which transactions are difficult. The comparison of in-
sde and outsde money seems to be new. Moreover,
once elaborated, that result seems quite plausible: the use
of outsde money is more regtrictive because it ties trad-
ing opportunities more closdy to past transactions than
does the use of inside money.

Finaly, it is worth noting that the mechanism design
gpproach bypasses the usua industria organization cate-
gories of competition, oligopaly, and monopoly. While
people in the second setting, including those with known
histories, are sdlfish and individualy small, they are not
price-taking competitors in the usua sense. They behave
in ways that would not fit into a standard competitive
andysis. Given the obvious role for joint behavior in the
financid sysem—for example, as is required for the
operation of clearinghouses—it seems desirable to use
frameworks which alow for such arrangements.

*An earlier version of this paper was presented at the Sveriges Riksbank Work-
shop, “Challenges for Modern Centra Banking,” Stockholm, January 14 and 15,
2000.

IFor an exposition of mechanism design, see Kreps 1990, chap. 18.

2According to this game, a zero payoff for discovered defectors is achieved
through globd autarky, and V' is the discounted utility of an undiscovered defector
and of someone who has witnessed an undiscovered defection. There are dso games
that punish only the defector. In such a game, the crucid meeting is between a dis-
covered defector with money who is a potential consumer and a nondefector pro-
ducer without money. While autarky in such a meeting can be Nash, it has the de-
fector playing aweskly dominated strategy (not offering his or her money) and is not
robust to cooperative defection by the pair in the meeting. Suppose, instead, that the
discovered defector gives up money for € amount of the good, where € is small. Then
no matter how small is €, playing yes is not a weskly dominated strategy for the
defector, and there is no cooperative defection by the pair from that trade. Because
thisis dso true if € = 0, a zero payoff for a discovered defector can be achieved in
this way, with punishment only of the defector.

3A famous instance is John Law’s banking proposal, which was rejected by the
English, but, at least for atime, accepted by the French in the early 18th century.

“These states for bankers are an example of the kind of intangible state variable
used in the earlier argument for the claim that imperfect knowledge of individua his-
toriesis necessary for the essentidity of money.

SThisideais pursued in Mills 2000.
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