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Abgtrace

Ia environments with privaze information and spacial separacion, the
abilicy of agents to establish mutuyally beneficial arrangements can be limitad
by their ability to communicare contemporary dealings and histories of
past dealings. Indeed, with the extension of some recent work in comtract
theory and mechanism design, chis paper argues thar location or persomn-specific
assignmenc svstems, portable object racord-keeping systems, wricten message
syscems, and celecommunication systems can be viewed as communication svstems
which are successively more complete in this semse. An actempc is made also
to match these various communication systems with syscems in use in hiscorical

primitive, and/or contemporary sociecies and to interpret these communicacion
sysctezs as fipancial structures.
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1. INTRODUCTION

Economic agents are naturatly separated in time and space. In an economy at
large agents reside typically in various locations, work at aiternative distinet
locations, and mest to make exchanges ¢r deals at distinet [ocations still. And even
within a more narrowly defined group, such as those constituting a firm, not ail
agents are typically in constant touch with one another., Further, economic agents
naturaily experience private information, realizations of endowment or technology
shocks saen only by individuals direetly inveolved. Still, despite this separation and
private information, groups of agents, such as those constituting a firm, or aven
economy~wide groups with more disparate interests, do attempt to find mutually
baneficial, rm;ltilateral arrangements. The purpose of this paper is to gxamine the
types of multilateral arrangements which are viable and beneficial for such groups
and to estahlish that such arrangements dep'end very much on the ability of agents to

communicate with one another.

in its method this paper follows the literature on contract theory and
mechanism design of Harris and Townsend {1981}, Myerson (1979), and Townsend
. (1882), for example, stressing pfivate information and incentives, The idea,
essantially, is to specify the endowments and preferences of the agents and the
production tachnology available to them; to be precise about the information
structure; and, here, to be precise about the location itineraries of the agents and the
communication technology. Then, rather than imposing a fixed contract form or
resource al!ncation scheme, one considers a broad class of arrangements and
determines the constrzints implied by private information, and, here, by spatial
separation and limited communication. One then goes on to determine Pareto
optimal arrangements, by maximizing weighted averages of the utilities of the agents
subject to the obvious resource constraints and these derived incentive compatibility
constraints. Finally, by varying the technology of communication, one induces

variations in the derived incentive c¢onstraints, and in this way, in the contaxt of the



programming problem, one can capture formaily the idea that communication systams

matter ang that particutar systems may be more or less limited.

An attempt is made aise in this paper t0 match the communication systems of
the theory with communication systems in actual usg in historical, primitive, ar
contemporary structures. |In particular, an attempt is made to interpret observed
financial structuras as instances of the communication systems described in the
theory. Of coursa this marcching effort is sbmewhat heroic, if not controversiai,
sinca not all the key assumptions of the theeory match up well with reality, In
particuiar, the theory assumes uniimited' commitment, no default, and an ability to
monitor communication and exchange gquite closely, whereas in practice, limited
commitment, defauit, and highly imperfec:t monitoring are important, especially as
regards the determination of financiai structure.’ Still, an artempt is made here to
match the location or person-specific assignment systems of the theory with central
exchanges, registrars of deed.’ and banks or intermediaries; to match the portabie
object systems of the theory with various currency' arrangements; and to matech the
written messags éystems ot the thecory with the use of finangial instruments and

commercial paper.

it is worth while stressing at this peint that the theory of this paper takes as
exogenous various features which are enddgenous in practice and which further theory
might attempt to explain. In particuiar, by assuming unlimited commitment and ac
default and by varying the communication technology excgenously ane does not face
the guestion of what determines the extent or size of the group using a particular
communication technology at a point in time or why groups 6r technology change

over time. It is hoped, however, that by better understanding the role of pre-

1We know, for axampie, that limited commitment 13 2 ksy slemert in recent theories wmgh attemot to
expiain valued currency, as in the spatal modeis of Townsend {1S80) and varicus overiaoping generauon setups.
Alsg, this idea seems !0 mateh up well with reality. On the aother hand, this pacer hopes '@ contriouta ta our
understanding of currency Dy assuming full cormmitment and examning wnether there is any rcie laft for
currency to play,



specified communication systems for pre-specified groups we are better posed to

begin to answer some of these fundamentalidifﬁcu!t questions.

Finally, an attempt should be made iri this introduction to relate this paper to
existing literature. Closest in many ways is the paper of Gale (1980} in which
raference is mada to paper assets as accounting devices in a worid with 2 continuum
of agents and a limited social planner. Gale's focus is on conditions sufficient to
ensuyre that a sequential competitive equilibrium with valued money achieves a

full-information Pareto optimum. Here the focus is on a private-information Pareto

optimum in worlds with spatial separation and explicit, limited communication, in
which various kinds of financial assets are associated with various kinds of
communication Ssystems. A second literature to which the proposed research s
related is the literature on limited communication in resource aliocation mechanisms,
of Hurwicz (1972}, Mount and Reiter {1974). and others. Here financial instruments of
one kind or anothér are literally the messages which agents send to one another. Of
course, the idea that money reflects some "decentralization” in the exchange process
appears frequently in the literature, but one shouid note here, in pa?ricuiar. the woark
of Brunner and Meltzer {1971) in which money emerges in a world with an uneven
distribution of information, essentially by r.educing the costs of acguiring information
and of constructing transaction chains, the work of Radner {1968) on the emergence
of money in competitive market models in which “computational compiexity”
sbmehow limits trades, and the work of QOstroy {1873} and Ostroy~Star (1374}, in
which trading rules are said to be decentralized to the extent .that they do not depend
on past histories. Finally, this paper is related to the work of Ross {1977} and the

idea thar tinancial decisions act as signais in worids with private information.

Briefly, then, the paper proceeds as follows. Section 2 illustrates the contract-
theoretic approach, that is, ‘how to determine an optimal resource allocation
mechanism and an optimal allocation of resources for a 2-agent, one-period exampie

gconomy in which quantities such as endowments of one of the agents, are private
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information.2 This is done, essentiall\), by extanding what is nc;w known as the
‘revelation-principie’ to the envircnment of the exarﬁ;ﬁle. Extensions to the more
general snvironment of the paper are then fairly obvious. A key aspect of these
extensions is the use of a doubie transfar, téx-subsid? scheme. Section 3 gives an
exampie which illustrates tha use of this scheme and which constitutes a base for
analysis in the rest of the paper. Section 4 describes an extended, 4-agent, md-
pericd exampie economy in which there is 2 rastriction to a lecation-specific, oral
assignment system. An example illustrates how damning such a restriction can be if
there js spatial movement. Indeed, Section 5 shows how coste might be incurred so
as to allow intertemporal links and a gain'to more enduring relationships. Section &
shows in wrn how a restriction to location-specific a'ssignment systems can be
mitigated if there are repeated intermittent meetings among the agents. In affect,
this saction envisions a role for a person-specific assignment system, that is, a role
for a go-between or intermediary. Section 7 goes on to interpret, relative to the
theary, actu'al location= or person-specific assignment systems in use in various

places ang dataes.

Section 8 shows how portabie record-keeping devices such as concealable
tokens can further oveércome transactions difficulties. Section 9 shows that bona
fide commeodity tokens can play a similar, aibeit more limited role. Section 10 in
turn envisions a role for mu!tigieldifferentiated tokens. Section 11 then interprets,
refative to the theory, various portable object systems in use at various places and
dates. Woritten messade systems are considered in Sectioﬁ 12, systems which are
complete relative to the requirement that messages be transported with people.
These systems are interpreted in Section 13. Finally, Section 14 offers a brief

comment on telecommunication* systems, both in theory and in practice.

it might be noted that much of the iiteraturs on resourcs allgcation mecsanisms gnofes Drivately cbserved
endowments.  Impgriant exceptions are Postevwaita (1374), Hurwicz, Maskin . and Postiewaite (1580 and aiso
Pithvacharivakul (18811



2 OPTIMAL SOCIAL _ARRANGEMENTS IN A CLOSED COMMUNITY WITH
UNOBSERVED CUANTITIES

To begin, we shail iliustrate the contract theoretic arguments of this paper and
consider how to determine an optimal social arrangement in a closed cornmunity, one
in which ail agents are together.at a single logation, and in which, consistent with
Harris and Townsend (1981), Myerson (1979), and Townsend {1982) there is essentially
unlimited communication, Here, however, in anticipation of what is to foilo;u in later
sections, where concezled portable objects are viewed as privately-ob_s—erved

beginning-of-pericod state variabies, we shail focus on endowments as privateiy-

observed variables and ask whether such gquantity information can be expioited.

Thus, consider a simple economy consisting of just two agents, a and b, who
are paired with one another at two dates, a pfanning period t=0, and a consumption
period t=1 (obviously the common trading location need not be named and its name
can be deleted from the notation, The economy is subject to shocks g at t=1,
observed by agent a a!one.-Indeed. suppase the endowment of agent a at t={ is a
non-negative vector, denotad 81 x § for simpiicity, and is random, taking on one of
two possible values, -9' or 8" at the beginning of date t=1. Again the realizations
of § are known only to agent a. Let © =2 {§',8"]. The endowment of agent b at t=i
is some gonstant., say a"l = W and hence known by everyone. The preferences of
agent a aver consumption at date t=l in event shock § is realized are represanted by
a state-~ dependent utility function U'e®.d) which for each & is strictly increasing,
strictly concave, and displays decreasing absolute risk aversion. The preferencas of
agent b are rapresanted by a utility function Ub(cb) which is strictly increasing and
weakly concave. In the planning period the two agents sit down with one another :o
agree upon some resource ailocation scheme. We shall suppose that they have under

consideration a fairiy broad ciass.

Suppose in particular that agents have under consideration a social arrangement

or resource aliocation mechanism of the faollowing type. At date t=l after & is known



to agent 2. agent a can send a message m to agent b, or to some center. In general,
the set of all possible messages M can be quite unrest;icted in nature, but for
simplicity here it is supposed to be a subset of a finite dimensional Euclidean spaca.
Once the message space M is specifiéd. however, it cannot bel altered. Upon receipt
of a message m eM it is understood that two rounds of transfers are to take place.
The first round is "“tax” r=<r',rb). where 7' is a tax on agent i, i=a.b. This tax may be
imposed in a randem way, in accord with some probability méasure pr(m).
conditionat on the message m. More formaily, given the endowment 4. the space of
feasibie taxes r is defined by 0<r%<4d, Ogrbgw. Let T{8} denote the space of
probability measures over such feasible taxes. and suppose that probabiiity measures
pT(m), meM, lie in UT(&) and are thus feasible for some endowmen: 8. The sacond
round transfer is a "subsidy” sa(s’s® ‘where s' is a subsidy to agent i, i=a.b. The
subsidy is imposed in accorgd with some probability n:\easure p’(m.r). congitional on
the initial message .m and the first round tax r». More formaily, given the tax r, the

space of feasibie subsidies is defined by s°0, 5°0, s*+s%¢rr".

Let S(r) denote
the space. of probability measures over such feasible subsidies, and suppose that the
measures plm,r). meM, lie in S{r). Note that each measure p*m.r} is restricted to
he a' weil~defined conditional p}obability measure. Finally, of course, once specified,
the measures p’ (m) and p*lm, 7}, meM, completeiy determine all possible transfers

between the agents. Thus it is supposed that there is some technology which

preciudes reneging or default.

Confronted with a resource allocation mechanism, that is, a message space M
and measures p’ (m) and p*lm,r), and given the shock ¢, agent a determines ail
feasible messages which he might send., all messages under which he can pay any
tax which miéht be imposed, that is, sﬁch that p {m)¢Tid). The idea here is that
having announced message m the agent must put up front, on ‘the tabie as it were, in
ocpen view, the amount of the consumption good required for any realization of the

lottery p?tm}.. It then chooses the best Such message. Thus agent a solves
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Max SSU‘E5-r'*s’,6]p’(m.r,ds) p (m.dr). : {1
m EM

The best such message, assuming existence, is denoted mmd)>.

By construction of m«{@'), say.

.S‘.S.U‘t §'-r*s%8" 1p%m={g '), 7.ds) p"(mw{@').dr)
S" - . (2)
2 U8 -r*+s%8" 1p%m,r.ds) p"(m.dr)
for all messages m which are feasible given 8', that is, such that p'im ) is an
siement of TiA'). In particular, consider the probability measure chosen in some

counterfactual situation, say p’ [m#{d™)], when & = 4". Then either that measure is

not feasibie given 4 = §'

pTCmea"IETIE) . | (3)

or it is weakly dominated given §s8°',

SSU‘[&%‘»#.&' 1p%tms@ " hr.dslp [mm(d')dr] 2

S’ (4)
U'tg’ -r-s%,8" 1o Imm8"),7.ds]p” [mw{d ").dr].

It now becomes apparent that we might weil have restricted ourselves to

simpler resource ailocation schemes, ones which ailow agent a to make a diiect

announcement #, that is, with message space M = {#', 8"}, and in which such

announcements effect random taxes and (conditional) subsidies = (8), and 24, rl,

respectively, Further, the random taxes and subsidies = can be constructed in such a

More generaily, we might have allowed agent a3 !o adoot a random strategy (). a probagiiity measurs over
the space of possibie messages M. Clearty, though. agent a3 wouid only randomize over messages among wmen
he is ingiffarent, s0 a degenerate random sirategy weuld aways e maximizing. The notalion in the taxt
assumes some seiecuon ruie when the Dest ghorce 1 not unique



way that agent a will make announcements truthfully. That is, given some arbitrary
" initial resource allocation scheme with message space A, random transfers p, and

v

maximizing strategies m» (§), let

2719) = pT [m={9)] '

2%(8.7) = p*[meid), 71 (5)

Then, by equations (314}, given the shock, say #=4', either the announcement 4=4"

is not feasible, that is,

2T ) (6

or such an announcement is weakly dominated by truth-teiiing, announcing §=4°,
SSu‘re '-r®es’ g’ 123", r.ds12 (4" .dr]

: (N
2 SSU‘W Yep?es? 8" 12318 . 7. ds]ln T [6".87 ]

. Thus truth-telling when . 8=4' is maximizing even if lying is feasible. Of course a

similar condition holds wnhen #=4".

Any of these simpler, so-called (truth-telling) direct revelation schemes s
entirely characterized by the tax-subsidy probability measures = (8), =»°(8.7), 868. In
effect these probability measures » form a contract between agents a and b in which
agent a- has several individually-effected options or gontingencies, options which can
be ciaimed at agent a’'s discretion without verification,® Again, these probability
measures must satisfy equations (6}, {7) and their ana!égues for §=8". Thus it is that
the determination of an optimal social arrangement is reduced to the problem of
choosing the contract » in a Pareto optimal fashion. [n short, we are reduced to a

prograrmming problem,

4
Far more on this imerpratation, see Prescott and Townsena (1984a 1984b).



Programming Problem 1:

Maximize

“"26 Prob {BJSU’W-?' +s%812%4.r.dslx"[8.dr]

8)
. a“za Prob {6)5Su"[w-f‘° + s°12%08.r.ds]7" [9.d7 1.

by choice of measures =’ (¢) and r’{e}, subject to equations (6) and (7) and their
analogue §=4", where " and «° are fixed weights between zerg and unity, summing
to unity. Finally, it we wish to ensure that no agent be made worse off in this
optimal social arrangement than he would be without trading, that is, by consuming
his endowment, we may easily append onto Problem | cartain individual rationah‘ty_

constraints which aensura that outcome.

That the determination of an optimal social arrangement can be reduced to the
problem of finding a soiution to some programming problem is quite general, subject
only to a few caveats. That is, we might have allowed agent a to suffer from a
finite number of possibie shocks #¢8, © finite, or agent b to suffer random,
privateiy-observed shocks as well. Qr we might have allowed bath agents to live an
arbitrary (finitel number of periods. Indeed, consistent with .the general structurs, we
might have layered an a finite number of agents with arbitrary period-by-perind
pairings. Further, as we shall see momentarily, we might have ailowed explicit
restrictions. on communication; for example, we might have suppoesed that when
' agents' are paired ‘with one another, they know only the history of their own mutual
communications. Less limited but still imperfect communication of past messages
will also be cansidersed. But none of these extensions alters the fact that the
determination of an optimal social arrangerﬁent of resources of an optimal l:ontract

reduces to the probiem of finding a solution to a well-gefined programming
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dne might also note that there is supposed to be no reneging, default, or ex
post collusion in the present set-up. That is, ail agents, abide Py the rules of the
resource ailocation scheme, tha [I(e}, as if there were a perfect, costiess commitment
technology, one which limits the set of possible transfers and set of possible
messages 2and which links these two together as agreed upon initially. For
specificity, one might conjure up an image of conveyor belts and preset microphones
with no options to ‘walk away. Of course in pracrice commitment devicas are not so
tantastic, and it might be supposed that agents do sesk to renege or collude
whenever possible. In this way, then, the existence and nature of commitment and
monitoring technelogies fakes on considerable importance. Still, in any more
elaborate theory, one might hope to maintain the distinction emphasized in this paper
between known reneging on preexisting agreements and the prescribing of messages
ar actio;ws contingernt on private information, something which is inherently

unenforceable.

3. AN _EXAMPLE DISPLAYING THE DOUBLE TRANSFER SYSTEM

Haviﬁg issued all thesa disclaimers, we may now return to the simple 2-agent
structure described eartier, assume there is only one good. and proceed to
characterize explicitly a Pareto optimal social arrangement. This will sarve 1o
illustrate how the two-round, tax-s‘ubsidy system can be used to overcome apparent
incentive problems. The exampile will 3lso serve to establish that the constructs

developed thus far are not vacuous.

To proceed, suppose the shocks realizations of agent a are observed by agent

Q! cowurse there aiways remains open the dguestion of whether the ciass qf resource aliocauon schemas
considered was wathout loss of generaity or, better put utility, For example. one mgnt have considered
saquenual within=period mechanisms as in Harris and Townsand (1977), {1981), or distmbution functions winech
are less restricied, say aliowing first~round taxas o Se negative and/or second~round subs:dies (o De negative,
it 15 clamed that nether of thess less restrictive spacrfications would really broagen the class of resource
allocaton mechamsms under consideralion, bul there may well be some which do indeed broacen the class,
One mught conjecture, of coursa. that the spirit of the resuits ot tus paper wouid not be alterad It sych an
event, but tRat must be ief! as am gpen Question
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b (though'in the end we will be assuming that they are observed by agent a alone).
With publicly observed shocks, we may tﬁen proceed to characterize an optimal risk=
sharing arrangement with the usual state-space analysis. That is, as Figure 1
illustrates, the economy under consideration is associated with a standard Edgeworth
box diagram. The endowment of agent a is high in state one, say §=4",

| w A-

i I A SR VY,

1

|

f

t

;
[ S

FIGURE 1

and low in state twa, say §=¢', with the endowment of agent b a constant and thus
on the 45° line from the origin of agent b. From the point of view of tsQ, prior to
shock realizations, the two agents attempt to settle on an optimal aillecation of
state-contingent c¢onsumption claims, an allocation on the contract curve subject to

individual rationality.

There are two cases to be considered. For the first, suppose utility functions
are such that the contract curve in the lens-shaped. Paratec improving trade region lies
entirely southeast of the endowment point e, as illustrated in Figure 1. Then for a
consumption aliocation ¢ on that portion of the contract curve, agent a is to receive
the consumption good when his endowment is high, at =", and is to surrender the
consumption good when his endowment is low #=8', With pubiic information o'n
shocks, the final conmsumption allocation ¢ is attainable. Qf course with shock
realizations of agent a private to himself, agent a aiways would claim the
endowment is high, effecting a positive transfer of the consumption good. But it is
now argued that this incentive probtém can be removed by two-rouynd, tax-subsidy

systems. In particuiar, if agent a claims his endowment is low, #=8', let him pay a



12

tax which gives him the consumpticon aliocation Co let the subsidy associated with
the claim §34' be zero. if agent a claims a high endowment, #24", let him pay a
tax which exceeds the low endowment vaiue, §3§', and then receive a subsidy which

gives him the consumption allocation ¢, In this way, agent a will c¢ltaim a high

v
endowment when the endowment actually is high, but will be unabie to claim a high
endowment when the endowment actuaily is low, since ha must pay the first-round
tax. In summary, then, in this rather special setting, agents can achieve 3 fuil-

information optimal atlecation, even though there is private information {this result is

special; full information optimai allocations generaily wiil be unattainabie).

A second case is also of some interest. Suppose the lens-shaped region in
Figure 1 were to lie entirely northwest of the endowment, as would be the case, for
exampie, if there were no shocks to preferences, agent a were riSk averse, and agent
b were risk neutral. Indeed, hereafter, we shall drop the shocks from agent a’s
utility funct.i;m altcgether. Then any trade which improves upon autarky has agent a
receiving the consumption good when his endowment is low. Of course the incentive
problem is that agent a wouid always want to claim the endowment is low. Suppose
moreover, that we contemplate a firstround tax. But any tax which can be paid when
the end;wment is low, can be paid aiso whén the endowment is high, thus ieaving us
with the same incentive problam. l-=’maily. suppose we limagine there can be mutually
beneficial exchange with lotteries. The mean or average consumption aillocation must
lie in the lens-shaped region, 'as randomness and risk aversion can only make agenté
worse off than as if receiving the mezn consumption itself. This implies agent a has
an expected net receipt if #=§' is realized and is claimed and an expected nat
payment if =" is reatized and is claimed. Again. randomness can only enhancsa
utility loss and reduce utility gain. But under our hypothesis, utility is increasad
overall so we must be assuming a utility gain when §=5' is realized and is ¢laimed.

Thus agent a has an incentive to claim @=4' when indeed §=8' is realized. But then

agent 3 would also experience a utility gain when #=6' is claimed even when §=4"
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is realized = his expected nat raceipt occurs when f#=4' is claimed, and with 2
concave utility funetion, decreasing absolute risk aversion and 8")8')the utility lass
associated with the randomnass in that nat receipt is even less than if §=8' were
Qealized. This contradicts the supposition, and so lotteries do not alleviate the
incentive problem. n short, there gan be no mutually beneficial trade in this case,
and the optimal resource allogcation mechanism is associated with‘ autarky (again, this
resuit is speﬁiai; the incentive problems of private information are generaily not so

damning).

4. THE LIMITATIONS OF LOCATION-SPECIFIC ASSIGNMENTS SYSTEMS IN SPATIAL
SETTINGS

- We shall now introduce spatial separation into our closed economy and
consider first the most primitive of communication systems, namely, Iocaticn-specific/
oral assignment systems. Thus, consider an economy with 4 agents labelled a, a'. b,
b’ and two trading locations, labeled 1 and 2. Each agent i lives two periods (in
addition to the t=0 planni-ng datel and. for simpiic;ty. faces an exogenously given

itinerary or sequenca of pairings with other agents as described in-Table 1.

lecation 1 2
date 1 {a,b) {(at,b")
2 (a,n') {a',b)
TABLE 1

Thus agents a and a' have permanent residence in locations 1 and 2 respectively.
Agents b and B’ are initiaily pzired with a and a’ respectiv.e{y, but switch locations in
the second period. Each agent i has a within-period utility function U'e) over
contemporanecus consumption vectors and discounts the future by parameter § ,

0< S 1.

Now, suppose for simplicity that ail agents somehow manage to get together
with one another at date t=d, at some (centrall location, to set up an optimal social

arrangement, a two-iocationl. cral assignment record-—keeping system. That is, agents

!
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agree at t=Q on the set of possibie messages.wt_aich can be sant berween the two
agents of each agent pairing at each date and location. For exampie, agents.a and a’'
may each agree to report on privately-observed incomes. Further, agents agree on
the tax-subsidy rules in placs ;r each gdate and location, the set of tax and subsidy
probability measures which are to be effected by these individual messages or
ciaims. Finally, as before, there is assumed to be no reneging or default on these
agreemenfs. as if there were some fantastic perfect commitment technoiogy. But the
communication is imagined here toc be entirely oral, and limited to the two locations,
and so for the example economy described above, the ailccation rules at each date
and location can have aS arguments, at most, the messages sent between the two
agents -at that date and .location. That is, there is no communication across lecations
at a given gate. Further, the messages sent at a given date and location canmnot be
written down. I[ndeed, it is supposed that there is n;: paper of any kind and no
storabie commeodities. Of course households at date 2 might ciaim any history of
communication they like, but these cilaims will just constitute another
contemporaneous date 2 message. Thus, much as before., households may, without

loss of generality, be restricted to announcing contemporary shocks.

Not surprisingly, to the extent that the technology of communication is entirely
oral and limited to the two 1ocatfons. mutuaily beneficial trade is made difficult, i‘r'
not impossibie., This is iliustrated with the example economy of this section. For
suppose that agents a and a' alene suffer random endowments, with privately=

observed, beginning-of-period realizations. That is, let 9'" and 8“2!. t=1,2, denote

the endowments of agents a and 2 at their respective |ocations, 1 and 2, at date

t. Suppose alsc that agenmis b and b’ have nonrandom ({public) endowments wb". Wb':
)

t=1,2, respectively, Then, to determine an optimai allocation, it is enough to find a

tax-subsidy transfer system = « ”ri: for each location i, i=1,2, and each date t, t=1,2,

which solve a fairly complicated Ilooking programming probiem; here a-r:1 has as its

argument 8% ; 7

,; has as its argument 47, and r ;27 has as its argument §°

11 12 i
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.and so on. But the incantive constraints in this programming problem contain no
intertamporal links, and so solving this programming problem quickly reduces to
solving four separate but identical versions of Problem 1 in the previous section,
corresponding to the meetings of a and b at location 1; date 1, a and b’ at location
1, date 2; and so on. Thus, if utility functions and endowments for each of these
pairings are such that the no trade case of Figure 1 prevails, then indeed there caﬁ

be no mutuaily beneficial trade whatever.

8. THE GAIN FROM INTERTEMPORAL LINKS WHEN INFORMATION (S PRIVATE

The rather disastrous outcome of the previous section could be avoided if
agent pairings were repeated in the second pericd, as if agants B and b’ remained at
locations | and 2 respectively or returned there at the beginning of the second
pericd. Indeed, suppose for simplicity that this is possible if some amount K of the
consumption good is usad up in the sacond peried, say disappearing from the
endowments of agents b and b’ respectively, and suppose also for simpiicity that no
trades are conducted at what would have been the new trading location at date t=2,
e.g.. agent b at location 2, though such trades must have been the motive for travei.
Finaily, suppose also that agents a and a’ are identicaj as regards preferences and
endowments, that is, each has the same intertamporai uti.lity function and facas the
same distribution of endowment realizations, with beginning-of-period reaiizations
private to the in'di‘v‘:dual. Similarly, suppose agents b and b’ are identicai in that
sense. Thus, we can focus on the pairing between agents a and b {(or. eguivalently,

2’ and b’} and ignore the location subsecript and. in part, the a superscript.

in the first period, we mMay suppose, without loss of generality, that agent a is
10 announce some endowment .realization 61. effecting a random tax-subsidy transfer,
u’;(e!), 931(91,1'1).."1 the second period we may suppose, without loss of generality,
that agent a is to announce some second-period endowment realization 52. 8ut with
first-period announcements {(and transfers) now known by both parties, theses sacond-

period announcements of 82 can effect random tax-subsidies, ”72(61’82"’1'5 1-) and,
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a’z{ﬁ,l.ez,r‘,sx.fz]. which depend on first-pericd announcements and reaiiz'ations.
After ail, thes_e first-period announcements and realizations are known by both agents
in the second period, and so we suppose they can commit themselves to second-
period tax-subsidy rules which are accordingly indexed. Finally, we may suppose that
announcements are made truthfully in each period, leading to a new probiem,
Programming Probiem 2: |

Maximize

u‘{?lProb(G 3?;@(99&555{ UG ~ri+s1+8U'14 - s Td

s e s r
rz(ﬂ1,62.:'1,51,1'2.{152)#2(5'.Hz,fisi.drz)w‘w‘.rI.ds1) 31(51,1'11'1)}

. {9)
oz X S.STS 5 b b b b ,_b
ub{glProbM‘)EZProb{ﬂz) {u [Wj-r1¢s1}+ﬂu [Wz--:'2 +52-K]}

oS i 5 T
ﬂ2(81.32.:'1,sl.r2.dsz)ﬂz(l91.92.r1.s1.dr2)11(81,11,ds‘) ’I(GT'df‘I)}

by choice of measure x¥e) and u':{.). t=1,2,

Here the second-period incentive constraint, given some history (51,r ,s]). given

1
some current endewment realization 52, for a possible counterfactual endowment

claim g, is that either

-
270 .9 57 s JETIE) (10)

or
ary . 3, .2 s
SSU {92 T, 52] 32(9‘.5

r
2,1'1.51,r2.d52)rz(91.92.r 1'51'dr2) b2
(11}

‘ S H eed eS8 - T
SU (6,7, 52}::'2(51.;&2,?1.51,. 2.dsz)'rrz(€1,p2.r1.51,dr2}.
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The first-period incantive constraint, given some endowment realization 4 iy fer some

¢ounterfactual endowment claim p, is either

# Tl JETIO ) (12)

Q

r
p2 SSSS dp g _ A, o3 arg 2, 3
ng'rob (921 (U8 ,-r i+ 511 + AU Iﬂz 7o 52]}
7 r
’;‘51'92"'1'51"2-"52’ 32(31,52,r1,51,dr2}r§(91.rt,dst)n’1 (91,dr1) 2

' (13)
2 oo 0 Wfuto oy - 13- oot -
62Prob @) (g, -r% + 811 ,BU‘WZ vy * 8511

s T i { r
rzip 18 g7 (o8 ,rz.dsz}rzty 87 8 a7 in [ or a8 )l (g dr )

1
(Hera of course T(éz) is a adjusted to take into account that the endowment of agent

b is diminished by K.

The soilution to Problem 2 will genaraily entail some nontriviali exchange, even
under endowment/preferenca specifications that make the solution to Probiem 1
autarkic. This shouid be true even for fairly targe resqource costs K. The key, of
course, is ths possibility of intertemporal links, with second-period transfers
dependent an first-period claims. For exampie, pure borrowing-iending agreements are
possible and mutually beneficial; if agent a’s endowment is low in the first date, for
example, let him borrow from agent b and promise to repay the loan ;t the second
date, Of course. an optimum will aimost surely mix such borrowing-iending
agreements with some form of risk-sharing, as is argued in more detail in Townsend
[1982]. And quite possibiy)with some nontrivial time dependence in the stochastic
procass for the endowment 9t)agents wiil make use of double transfers sysiems,

since gquantities convey information about- future performance.
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6. INCENTIVE COMPATIBLE ARRANGEMENTS WITH INTERMITTENT MEETINGS: ON
PERSON-SPECIFIC_ASSIGNMENT SYSTEMS

The optimal arrangements describaed in Section 4 may seem limited, and the
return~to-home-pase model of Section 5 may sesm demanding, relative to our prior
about location-specific, oral assignment sysiems. Perhaps a trade is made possible
under oral assignment systems if only agents deal with one another on an
intermittent basis. This section makes formai that idea and shows how
intermediaries or person-specific assignment systems might emerge. In the end,

though, oral assignment systems are still shown to be somewhat limited.

To proceed, then, consider a simple three period, three agent. two location

" economy with exogenous pairings described by Table 2.

location 1 2
date 1 (a,b) (e).
2 (3,8) (a)
3 (a,b,c) $
TABLE 2 -

Mote that in this economy ail essential mesetings take place at the first
location, and so again we may ignore the l|ocation subscript. Also, suppose for
simplicity that agent a alone has a random endowment vectior, and only at date 1,
denctegd 6’1. Otherwise, let W:j denote the endowment of agent | at date t, a publicty
observed vector. The notation for preferences is as above. Finaily note that agent b
stays at locatien 1, sO0 he may be interpreted in this example economy as a banker

or intermediary.

Without loss of generality agent a in this setup may be rastricted to

anr‘uount:ir'ng.ﬂa1 at the beginning of date 1, though we shall have to ensure that he
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announces truthfully. Notationaily, then, the lotteries nr': (8'1) on taxes r = (r?. rf)

and #*(§*, r.) on subsidies s_ = {s?, s°) are indexed by those anmnouncements. Also,
1 Ty i 1 5

becrause agents 2 and b are together again at date 3 the lotteries at date 3 on taxes

b
3'
and 5, That is, as in Harris-Townsen_d

H b e . e
Ty ® (rs. "3"3" and on subsidies Sy

as well and also by first period transfers r

= (s;. s s;) are indexed by 3"'1 announcements

1
[1981], since two agents, a and b, know the announcement of 5"'1 and the transfers

T, and s, at date 3, this information can be made public at date 3 in a carefully

constrycted matrix game.

Continuing, suppose agent b (the intermediary) makes announcements at date 2

about 5‘: announcements at date 1 and also about transfers =  and s, at date 1, the

1
perfarmance of his portfalie, as it were. Also suppose the date 2 lorttery rules

determining taxes r, = (r2, r;} and subsidies s, = (s, s;} are indexed by such date

2 2 2 2
2 anncuncements of agent h. Now since agent a is not present at date 2, the date 1

0”1 announcements of agent a and the date 1 transfers r and s, are not public at
date 2. and agent b must be given an incentive to announce truthfully. On the other
hand, both agents b and c are together again at 'date 3 and so date 3 tax-subsigy
loftery rules can be indexed by the second-period announcement of first-period

announcement 0‘1 and first-period transfers T and s, directly. In the end, then,

.80, n;(ﬂat.f],s‘,r') at date 2 are indexed by the announcements

. Trgd
lotteries (87, = P

1

. Tiad . qd . S;pd . a
of agent b at date 2, and the iottenes' r3(91.f1,51, S g "2'52)‘ :3(61,:-1.5], g
TS, ’z'sz"'z) at date 3 are indexed by both the announcements of agent a and

transfers at date 1, hence the first triplet, and the anncuncement of agent b and
transfers at date 2, henge the second triplet, Finaily, the incentive constraint of

agent b at date 2 is of the form
bpab B -] buakr__ B b}
y.S‘SS{U (Wz-rz - 52} + 2 U (Ws-r3 + 53)
H a T pd
", (51,T1,51,1’2,d52) ”2{81"’1'51"1"2}

F
1

Siga ad . v aa . .
33(91.r1,51,31,71,s1, fs,rz,sz,dss)waﬁﬁ1,1'1,51,5 TS rz.sz,dra)



SSSS{Ub‘W;-f; + s;) - ;Ub{w‘;_,.; . S;}} .

s s o T
”2(911"1'51"’2"152} T, (9‘1,1-1,31,@2)

{14)

t; 04 . - - 7 a2
33{61.1'1,81, 9'1,?1,51, sz,rz.fs.dsahawl.rl,s 9’ r 81, ST o ar )

where the ~ in (14) denote possibie counterfactual announcements of (6‘1, T

5.k

Equation {14) makes ciear that in general, uniike the outcome in Section 4, the
transfers at_date 2 <can indéed be " indexed in a nontrivial way by the 8‘1
announcement, and in that sense intermittent meetings do help overcome the
limitations of orai communication. On the other hand, there are still limitations=—

aquation (14) does impose limits on the extent to which aliocations can be indexed.

7. AN INTERPRETATION OF LOCATION- OR- PERSON-SPECIFIC ASSIGNMENT
SYSTEMS

in view of contemporary financial institutions and markets, we may be
unaccuétomed to thinking abour location-specific or pers'on-specific assignment
systems as 2 dominant form of economic organization. But economic histor;/ does
provide some exampies. One exampie is the form of banking in Europe during the
initial stages of the Commercial Revolution, from the 10th to the 15th canturies, in
Barcaliona, Bruges, or the fairs at Champagne, for exampie, as described by Usher
{1943) and DeRcover {1948). Apparentiy, in these places an agent couid open an
account with a banker but to transfer the account to some third party, for example,
as the result of a purchase at the locai market or fair, both the initial agent and the
third party had to return to the bank where, in effeect, under their instructions, two
separate bilateral transactions with the banker took ptace. Accounts were kept in 3
written ledger, apparently as an aid to memary and for evidence in potential legal
proceedings. But writing played no roie for transfers ouiside the bank. Apparently,

similar |ocation=specific assignment systems were used in Genoa, for exampie, to
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transfer the ownership of shares to commercial trading ventures and of annuities
based on municipal tax revenues. In fact, on reflection, it seems that location-
specific assignment systems have been usad in more recent history, as with the

registrars of land titles or deeds, for exampie.

As for person-specific assignment systems, it is sometimes difficult to
distinguish these from locaticn-specific assignment systems. Iin fact the medieval
bankers referred earlier were mobile, setting up their tables for business on a2 day-

by-day basis and occasionaily traveling to the fairs of Champagne from ltaiy.

Still, though the present paper might help us to understand the roie of
location=~ or person-spécific assignment systems, such as banking systems, conces they
are in place, it should be stressed that this paper does not purport to offer a theory
of assignment systems or banks. That is, it does not describe the circumstances
under which a particular assignment system would have forca reiative to alternative
social arrangemeﬁts. Thus, the paper does ﬁot expiain who might emerge as a
banker and under what circumstances. One suspects that aspects of limited
commitment and enduring re!ationshibs are needed for such explanations, but that

remains beyond the scope of the present effort.

3. PORTABLE OBJECTS AS RECORD-KEEPING DEVICES

The next step up in the hierarchy of communication in spatial settings would
seem to be the use of portable record keeping devices, tangible but conceaisble
physical objects which can be used as evidence of past transactions or actions.
Indead, to think about this idea formally consider again the 4-agent, two-period. two-
locatian econamy of S3Section 4, But suppose now the existence of portabie
concealable objects in the form of tokens. that is, objects wh;ch can be carried
about by the agents and hence stored from pericd to period. Also suppose for
simpli-city that these objects are intrinsically useless, that is, do not enter into
anyone’'s utility function. Finally, suppose that ._the production and transfer rules for

these tokens is the subject of compiete public controi, though again. with location
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shifts, individual holdings may be private to individuais. Under these assumptions,
individual token holdings., though private to the individual, constitute state variables
which can be announced by the individual and thus subjected to contingent taxes and
‘subsidies, just as &cmmodity endowments were earller in the paper. In this way,
then, contemporary transfers ¢an be made at least partially contingent on individual
token holdings and hence contingent on past transactions. indeed, as we have
aiready seen, intertermnporal links like this, however imperfect. can aillew mutually
beneficial arrangements in situations where otherwisa arrangements would be quite

limited.

As it turns out, thé analysis and notation of this section can be facilitated
considerably by the‘ assumption that agents a and a’ are symmetric in endowments
and preferences, as described earlier, and aiso agents b and b’ respectively, and that
further agents b and b’ are risk-neutrai. Under‘these assumptions, though agents b
and b’ could carry individual tqkens in order to make second-period transfers
functions of the ﬁrst-period\ghisrories they have experienced, in an optimail
arrangement they will not do so. Any such variations in second-period consumptions
'couid be smoothed out entirely by agents b and b’ without any loss of utility and,
"more 0 the point. without any adverse effect on individual incentives; after ali, only
agents a and a' are suppesed to suffer privately observed endowment shocks in the
first period. The end resuit, then, is that v;:e need only be concerned with tokens
carried by agents a and. a. Finauy) under the symmetry assumptions ang the
requirement that agents a and a' recsive equal weight in the social optimum, and
similarly for agents b and %' respectively, the programming problem for determining
2 social optimum in the d4-agent, two-period, two-fogation economy c¢an be reduced
to a prdgramming problem for an apparent 2-agent, one-igcation economy consisting
say of just agents a and b; that is the primes on variables may be deleted for

simplicity.

Mare formally, then, one needs only to distinguish taxes and subsicies on the



consymption goods from taxes and subsidies on tokend and to keep track of token
balance holdings. That is, givan an endowment reaiization 81 and initial currency

holdings M1 of agent a, first-period token taxes 1-'1c and "btc on agents 3 and b,

respectiveiy, are feasible if 0 ¢ r* < 6.0¢ "bu § W,. and the first-period token

1

tax r _ {(on agent a aione) is feasible if 0 ¢ r

im £ M1 where r is restrictad to

™ im

integer values, consistent with our interpretation of currency as pieces of paper. Let

TI {8 1) denote the space of possible probability measures over such taxes r, ‘e

r°1c, 'un) given the endowment realization ¢,  and let s"1(81) denote the measure
usad for the announcement 81.- First-period consumption subsidies s'Tc and s°1c en
B

1e

>0, 8, +s® ¢

. . . a '
agents a and b, respectively, are feasible if s 1"___>_ 0, s ‘e le te

B

T e and the first-period token subsidy (on agent a aione) is feasibie if smzo. again

with the restriction to integer values. Let S ‘(rli denote the space of possibie

probability measures over such subsidies s = {(s* , s° , s ) and let 8.0 )
R 1 Te te m 1771

denote the conditionai measure usad for the endowment announcament 91 and first=

round tax 7. Similarly, second-period consumption taxes r'zc and ’bzc are faasible

® < < Wz, as before. The second-period token tax {on agent a

2z 2
alone!} is feasible if 0 ¢ r

it 0¢ 7 <6, 0¢r

<M, (FoSi = M, =7, +s . Let Tz{Mz,ﬂz) denote

im 1m m im

2m

the space of feasible probability measures over such taxes T b (r’zc.

conditionai on beginning of second-period token balances, M

#° r.l

2" "2m
2 and second-period
endowment realization. 4., and let zTZ(Mz, 8,) denote the second-period conditional
measure used, again with the stated conditioning elements. Second-period

o . . a b a -] 3
et S 5o E feasibie If52c2052c->'0'52c+52c'§'r2c

- sz::' and here we can ighore the second-period token subsidy (on agent a aione),

consumption subsidies s’

Lat Sz(rz) denote the space of feasible probability measures over such subsidies S,

B , ., R s
2e'S 2‘:) with the stated conditioning elements. and let =» 2(M2,62,r2) dencte the

conditional second-period measure. Again expleiting the symmetry assumptions and

s (s

assuming agents a and a’ receive equal weight in a social optimum, and similarly for
b and b, we are now able to write down a programming problem for the

determination of a social optimum,



Programming Probiem 3:

Maximize

TP i P
o {91Prob(8_1)6_2Prob (5;) an,_-rlc + 51.:] ﬂU'IEZ Toc ” s'zc]

3 T 3 7
rz[Mz(f s 1m),32.r2.d32]:r2{M2(f m.sm). ﬁz.d-rz]n' 1(5 T ,-as 1)11 1(9 ar 1)}
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B¢ Z z SSSSJ: 2? o B 1. aPrw LB L oB
*w g,Prob (91)92 Prob (82) U IW =2+ 850« AU [Wz Tae * 921

c

s T s T
’ZEMZ("1rn's1m}'9,2'f2'd52]’2£M2(’ lm's1rn)' 92,dr2]r ](6’ 7 eds ‘)s 1{6‘ a7 1).}

' By choice of rf\f‘l ﬂﬁ(ﬂ a;(Oi n-’z(Oi. and subject to certzin incentive compatibility
constraints. For these, lat Mz denote the {(finite) set of beginning-of-second-period

token balances, all holdings Mztrm,s m) which are possibie given the family of

1
probability imeasures 1'1(81), :r‘#&,,rv,), that is, possibte for soma renalizatic:mﬂ1 andg
for some realization of the lotteries AT Thel"l the incentive constraint in the seceond
period. if beginning-of-period token balances are actually M2 and the second-period
endowment is actyally 92, for some counterfactuai ~tok‘en helding, endowment

announcement {N ), is of the form either

2?2
27N g JET (M8 ). | (16)

so that =  _(N ,62) is not feasible given M_ and 6‘2 or

2 ‘SZ' 2
L L R | s r '
ﬂS‘ U tﬁz Tae 52:1 n‘z(Mz.az.rz. dsz) rz(Mz,ﬂz.dfz)
SS’ 3 a 3 s | r 17

2 AU WO ,-ry » s, 1 moiN_Lpo, 7o.ds,) 7N, p,d7 )

so that the announcement (Mz.ﬁz) is weakly preferred. Similarly, the incentive
gonstraint in the first period if the endowment realization is actually 51, for scme

counterfactual endowment announcement g, is of the form either

o7 Lo T 8) (e
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or

z 5&55 - 2 - a - - i
%, Prob (8 MNIHUE =) o5} 104010 o7} s 1)

s T H T
a-ZIMz(r 'S ‘m).ﬂz,rz,dszlxrszz(r 1m,51m).52.dr23n1(81.r 1.ds1)=r 1(9 1.df 1)

2 gzProb(éz)‘gSSS{U‘[ﬁ‘-rjc . S:c] - ﬂUataz-f‘Z; s'zcl}

s o s o
7, IM(r, 5, )6 t:tsz,'!a'zf.'l‘«"lz(:-“.",s"‘_‘},ﬁz,da'z]:r1(161,-.v-'1,d51):'r1 {p .dr ) (19)

ml T

This completes the specification of Problem 3.

A comparison of Problem 3 with Problem 2 reveais the sense in which the
g;:;—g;{ytﬂsystem may be a fimited communication system. The environment which
generates Problem 2 allows the agents to kept track of past histories or, more
precisély. to use the complete historical record in effecting contemporary trades.
That is, second-period lotterias can be indexed by the first-period history, 91 {as
“well as by realizations of the first peried lotteries). Thus, there is a different family
of possible lottery choices for every possible history., In Problem -3.'however,
contemporary lotteries are indexed by beginning-of-period ¢ ‘f:chbalances, and
these are private 'ir:formation. Thus, we cannot insist that agents with different
histories Ee treated differently. It is always possible for an agent to claim tg have
less cf&ﬁ%ﬁthan he actually -does._thereby gaining access to the family of lottery
choices intended for someone with a different history.. with more than one

commodity, for exampie, he may weil want tv do this.6

The effect of this
'confounding. of c¢ourse, is ta limit the extent to which families of lotteries can be

differentiated, rhereby limiting mutually beneficial trade.

GMm_ a2 single good it 15 possibie that ndividual token hoidings mav revesl past histones compately.  For
example, if agent a “lends” the singie Jood in period one. let him recaive a pasitive numper of tokens and let
him receive zerc lokans otherwiss, when he "barraws®. Then, insist that borrowing be "repaid™ in the second
perod i the event thal agent z canno! supDOrt a tix on ndividual token hoidings. With two goods. however,
agent a2 may De a "borrower” of one commodity and 3 Tlender” af the other, wih a decision 1o repay one
gond or the other contingent cn second—oenod endowments. [n such crrcumstances, with positive probapility,
agent a might want 'Q undarstate token holding‘regxctess of whether large hotdings were associated with the
jending of the first good, or the other way around
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9 ' .
R} A MORE LIMITED ROLE FOR BONA FIDE COMMODITY TOKENS

We might consider in passing what role bona fide commodity tokens might play
in thesa warids with private information and limited communication. Supposa now,
uniike the analysis of the previous section, there is no role for artificial, intrinsically
ﬁseless objects which c¢an serve as tokens, say due to counterfeiting possibilities.
One’s intuition is that bona fide commeodity tokens can still serve to (gartiaily‘}
distinguish past histories; just as intrinsicaily useless tokans do, anc_i. as such, bona
fide commodity portable object systems can still be viewed as limited
communication systems. On the other hand, the role of portable commodity tokens
would seem te be more |imited than that of intrinsically useiess tokens, since a
commodity in the second pericd is the same, whether achieved by storage or by the
realization of a contemporary endowment. Further, any effort to usa Storage as a
communication device would necessarily affect intertemporal allocations and thus
might weil introduce distortions, moving the system away from a private information
optimum with less restricted communication. Thus one might want to make [imited
use of a limited dgvice. )

To formalize this intuition, then, suppose we aflow the possibility of
commodity storage in discrete units and consider as a basis for future comparisons
how programming problem 2 would be aitered on the assumption that there is no
difficulty in ¢ommunicating past histories. Given an endowment announcemaent H?
and conditional on a first-round transfer 7, under lottery w: (6’1} and conditional on
a2 second-round subsidy 5, under lottary r.-f {q., ’1)' we might énvision a third-round

}

lottery specifying a storage decision ii, say a lottery n’(81, T, 51}. assuming, for

simpligity, that such decisions are clearly observed at the time they are taken.

Similarty, the second-period lotteries shouid be indexed Dby first—period

announcements 8‘._ transfers r_, s

1 " and storage decisions i1 as well as by the

natural secongd-period state variabie 62 - i1, as the latter determines the individual's

degisions or announcanﬁents. Thus we are in search of lotteries a; (91, 82 -
. ) 3 .o . .

an - . . fore.

S, |1) d L) (81, 62 IV ST B rz) much as before



Now consider how we might aiter programming Probiam 3 when there is limited
communication acress locations or time periods so that there may be some rote for

and s,

commodity tokens. Here then first period announcements 81 transfers 7, 1

and storage decision i1 would not be known automatically at date 2 With no
intrinsically usaiess tokens. 92 - i1 is the only natural unobsarved state variable
since again this alone determines individual actions or announcements at the

beginning of date 2. Thus we are in search, second-period lotteries u; (52 + i1). :r;
. . . . r s i

(92 . rz) as well as first-period lottaries T, (81). 7 (91, 1'1). 7 (61. T 51).

The point is that there is a confounding of the information content of 51 about 81

with the period two information about § Two extreme casas help make the point.

2
Suppose on the ane hand the end‘owment 92 were in fact some constant. Then
storage decisions, in varying with 8‘. could help to distinguish states 81. On the
other hand, if i1 were a constant, then states 62 might be partially ;:.i.i'stinguished. in
general, then, with 82 random and i1 nonconstant er wouid have onl.y limited abilityr
teo distinguish first~ and second-period endowmaent realizations. Further, the storage
decision 51 aimost surely varies as petwean modified probiem 2 and modified
probiem 3 and in that sense the use of commodity tokens would inveive

intertemporal distortions which might well limit their use.

10. A_ROLE FOR MULTIPLE PORTABLE OB.JECTS

Now consider an increase in the level of communication permitted by the
technology of the economy and suppose that there are intrinsicaily useless tokens of
different colors._that these can be distinguished by the agents, and that there is no
counterfeiting. It is virtuaily immediate that communication possibilities are
somewhat improved, For consider how Problem 3 would be altered by the axistence
of two tokens, say green and red. In this case, there would be two beginning-of- |
second-period. privately observed, token-paiance state variables as well as beginning-
of-second-period, privately observed, esndowment state variables. Thus the tax-
subsidy [otteries on the consumption good and the tax-subsidy lotteries on the two

tokens could be indexed to announcements of these state variabies. Indeed. suppose
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the endowment 61 can take on two values each period. That is, © = [8°.4”}. Then
if agant a announcas 91 2 §' in period 1, lat him pay a tax in red tokenf' Similarly,
if agent a announces e9I = 8" in peridd 1, let him pay a tax in green token. These
two outcomes vyield what we may term a high green, low red beginning-of-period
token state, and a low green, high red beginning;-of-second-period token state,
respectively. Now at the beginning of the second period, fet agent a announce oné
of these two token states. !f he announces high grasen, low red, let him pay a tax in
.green tc:keﬂs exceeding the value of green token balances in the low green, high red
state, and conversely if he announces the low green, high red state. Clearly, the
announcement of high green, low red is not feasibie if agent a announced 6T = 4" in
period 1, and conversaly for the announcement low green, high red with 91 = 4. In
this way, histories of past announcements are in effect public information in the
saecond period, and we have a virtually compilete intertemporal communication
system. More generally, a sufficient condition which achieves this result with the 2-

person exampie economy is that there be as many different colorad tokens as there

are values of 51 in the first period (with more periods, we would need more colored

tokens, to distinguish fonger historias).

11. AN _INTERPRETATION OF PCRTABLE OBJECT SYSTEMS

On the faces of it, the use of portable objects as communication devices or
"signals” wouid seem to be commonplace. Far exampie, an agent presents himself
to a potential cliant with a fine suit of clothes or an expensive automobile, as if
revealinglpast successfui actions or desirable attributes. But of course the client
might suspect some “swindle”, and, more generaily, portabie objegts have force as
signals or regords of spe;:ific histories only to the extent that they cannot be (easily)
acquired in other ways. This requires that a group of agents which is to use a
portable object as a communication device be able to implement strict controls over
the production of the device and over the transfer of it from one person to ancther.
Of course such contl_-ol is assumed in the theory of this paper. In practice, and in a

more efaborate theory, such control is not so easily obtained or explained.
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The theory of this paper does suggest/though/ that we might expact to see the
use of portable object cqmmodity systams in more cor less closa-knit societies with
prominent aspects of spatial separation and otherwisa iimited communication. In this

regard one is tempted to cite anthropologiasbon apparent muitipie token systams in

use in so-tailed primitive societies.

One such study was done in 1924 by W.E. Armstrong on Rossel lsiand, a
virtually saif-sufficient écornorny in the Southwest Pacific (see Baric (1964)).
According to Armstrong, natives of the isiand were actustomed fo use up to two
types of shells and up to 38 -subcatagories af shells in varicus "exchange”
transactions. Exchanges took plagce with great ceremofnly in a variety of dJifferent
contexts, and each exchange was viewed as distinctive, requiring a prespecified
transfer of a specific subcategory of sheil. Further, shells were not interchangeabie
or substitytabie in thesa transactions, or elsewhere; they were not multipies of cne
another. The g_athérirjg and manufacture of some of these shells were. again highly
ceremonial and closely guarded, while other .sheils were essentiatly fixed in supptly,

regarded as being made by a chief deity before man’'s arrival. .

A more calebrated., dramatic, aibeit controversial anthr.opoiogic:al study of this
_sort was done by Bronisiaw Malino%ki from 1914-1920 on the Kuia exchange system,
in use in Eastern New Guinea and a “ring” of adjacent islands. The natives in each
of these islands wouid periodically embark on great cance trading expeditions,
traveling essentialiy to the north or te the south. WUpon arrival at an island to its
rnorth, the expedition wouid give up some of its commeodity carge as “gifts” and
receive as “gifts” arm Dbracelets made of white sheil, Alternatively, upon arrivai at
an island to its south, commodity 7gifts”™ were reciprocated with long neckiaces
made of red she”s. in fact, every person in the Kula system stood in some
prespecified directionleither north or south, to each of his Kuila trading partners, both
across islanc'is. for these trading expeditions. and within islands, for more continuous

“"exchange”. Thus, white armbands circuiated counterciockwise throughout the ring of
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islands, and red neckiaces circulated clockwise. Again, all these “exchanges” took
place.;avith great ceremony. The shells were distinctive, each with its own history.
And the' supply of shells generally was closely guarded. Apparently, then, natives in
these islands were using shells to keep track of two characteristics—the direction of
trade and the magnitude of trade. That is, an individual in poséession of white
shells could reveal that he had at one time Eeen a net exporter of commodities to

!

‘the north.

Continuing this line of reasoning, cne is tempted to interpret the fiat currency
systems of modern industriai economies as further instances of the use of sconomy-
wide communication systems in the sense of the theory of this paper. Under this
irttarpretation one  occasionally finds multiple token systems, e.g., the use of food
coupons as well as standard currency in wartime England. But for the most part
standard currency systems would be viewed as single token systems. Of course one
shouid rasist this interpretation to the extent that oné is uneasy with a contract-
thecretic approach te explaining the institutions of large industrial economies. In
particylar this paper fails to include limited commitment as a key part of the theory,
and yet limited commitment must expiain the early usa in Europe, for example, of

bona fide commodity currencies, e.g., gold and silver, especially for interregional

transactions. Such limited commitment would limit the use of currency as a
communication device and enhance the role of currency as a store value as in the

spatial models of Townsend {1980).

12. WOLITTEN MESSAGE SYSTEMS

Now go one step further in the communication technology hierarchy, supposing
the existence of written messages. That is. suppose agents can carry with them
written messages on paper describing their past announcements and iransfers at
particular dates and places, suppose these written messages must be displayed at
future dates and possibly distingt locations in order to effect an ailocation of

resources, and suppose that this sysiem is not subject to fraud. Indeed, to think
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about this more formally, consider again the d4-agent. two-period. two-location
economy which generates probiem 3. Imagine as usual that agents a, 2, b, and &’
have formed a trading pa&nership. Now suppose, for example, that agent a. were to
want to borrow from agent b in the first period, say bec;use 61 were iow. Suppose
this transaction were recd'rded on paper and suppose that agent a were required to
show the paper to agent b’ on the latter’s arrival in the second period. This wouid
entitle him directly to the fémily of lottaries indexed by 9‘. More generally, then,
agent a would have on hand a piece of paper noting his first-period announcement of

8. and the subsequent transaction, the taxes and subsidies, r

. and s, respectively,

]
These wouid then be public information, and there would be no issue of understating
"past histories.” Thus, the trade-inhibiting effect of the incentive compatibility
constraints in problem 3 would be weakened, allowing in general a Pareto superior
soiution._ Indeed, here, with the symmetry conditions for agents a and a’, and for b,
and b} and neutraiity for b and b’, one generates problem 2 2as js agents a2 and b
remained paired with one another without incurring any resourca cost K. Ganerally
then, apart from special c¢ases, communication Systems with reliabie written
messages Pareto dominate communication systems with portabie concealable token

abjects.

13. AN_INTERPRETATION OF WRITTEN MESSAGE SYSTEMS

Written message systems are commonplace, used in both "small” and “large”
groups of agents as well as in historical and contemporary structures. Typical
examples inciude the use of checks in which a banker is informed of a transaction
outside the bank, an intended transfer of an account executed at a specified date ang
distinet, outside location. Related is the ﬁse in firms of- nonnegotiabie bills of
exchange, in Western Europe in the 15th century, for example. as describbeqd by Usher
(1843} and DeRoover {1348). Typicaily, a businessman in Bruges, for example, would
accept (or borrow!) currency from an “outside” agent and them send a written
message to his partner in an ltalian city to pay the “outside” agent or the latter's

partner there, This® use of a written message over relatively long distancas is
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virtually indistingt from a very local transaction in a discount store, in which a
customer pays for goods at the checkout counter and is issued a written receipt,
which is'carried to a package pickup center for actual distribution., Alsc similar is a
refatively local transaction in which a depositor of grain in t,u:fChicago elevator is
given a written receipt as evidence of the deposit, a receipt which could be passed
in the 1Sth century, at least. to third parties. In a similar way bills of exchangé
eventually circulated in Europe to third, fourth, and nth parties, as did paper

securities as waell as bank notes.

Of course the theory of this paper does not purport to explain why some
written message systems are viable and others not or the extent of circuiation of
written messages once they are in placa. Again, it seems we should incorporate the
possibility of default and some aspect of enduring rejationships. And certainiy with
limited commitment, securities become valued as conveycrs of purchasing power, 3
role distinet from their role in this paper, where thay are simpiy messages of past

gvents necessary to support a beneficial, muitilateral arrangement.

14. TELECOMMUNICATIONS -- TOWARD A CENTRAL!ZiD. ARRQW-DEBREU WORLD

We come at last to the possibility of telecommunications — communications
which do not have to be transported with people. The advantage of
telecommunications, of course, is that transportation of peopie is generally costly or
at least costly relative to teiegraph and telephone systems. Thus telecommunications

reduce communication costs, and ailow in turn a more efficient allogation of

resources.

An example economy, though at mest suggestive, seems to illustrate these
points. Thus imagine an economy consisting of one date {other than a planning

period), five possible trading locations, and five agents, as depicted in Figure 2.
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a b c a e

x X X X b4

- 1 2 3 4 §
FIGURE 2

Here agent a is residing initiaily at loeation 1, agent b at jecation 2, ¢ at 3, d at 4,
and e at 5. Each of the agents a and e is subjected to a random (privately
observed) endowment of a vector of consumption goods, and so, with strictly
con::ave singleperiod utility functions, there are gains to risk-sharing and to
intertemporal trade. But how are agents to communicate endowment realizations, or
at least make claims about’ realizations?  Without telecommunications, but with
written instrurments (and constant transportation costs), one arrangement would be for
a to travel to b and for e to travel to d, for a ahd e to make claims which are
recorded on paper, and ther; for b and d to travel to ¢ with these instruments.
Raversing these movements in space, it is. in the end, as if everyone had been
together at the beginning of thé period. OQf course telecomrnunications ziso allow
this possibility, presumably with the use of less resources. Finaily, then, under either
system, agents execute trades consistent with some ex ante pilanning period
agreement. Qf course this again reguires some transportation, or at least some
transport of goods. it seems likely, though, that with reascnable specifications of
rransportation and transport costs, the efficient use of written instruments wouid not
have agents traversing much of the same ground twice, that initially goods as well
as messages might be transported with peopie. In fact one wonders whether goods
would traverse much of the same ground twice or whether agents might not settle
for Iéss limitegd forms of risk-sharing. (Note that it cannot be known what is to be

transferred untii b and 4 meet with c}. Thus it seems likely that the system would



34.

display simultanecus transactions in financial instruments and commuodities and wouid

be limited relative to telecommunication systems,

Indeed, to see the rather radical transformations of financial structure and
aconomic organization which telecommunication sSystems might allow, suppose
telecommunications were costiess. Then we would have come to a world in which,
apart from claimed endowment realizations, commodities need only be indexed by
date and location. Briefly, in such a world, agents would agree in the pilanning
period to a resource ailocation rule specifying transfers toc each agent at each
location and each date as a function of contemporary endowment announcements of
all agents in all iocations and the entira history of such announcements. Thus, ail
agents, regardless of their traveis, wouid be tied to a centralized electronic record
keeping systém. There wouid be no essential dynamics, and financial instruments or

financial markets as we have come to know them would cease to exist.
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