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1. INTROBLICTION

Economic agents are naturally separated |n tims and space. In an sconomy at
large agents reside typically in various 'racatiuns; work at alternative distinct
locations, and meet tg make exchanges or deals at distinct locations still.  And even
within a more narrowly defined group, such as those .constituting a firm, not all
agenis are typically in constant touch with one another. Further, economic agents
naturally sxperience private informatton, realizations of esndowment or technoiogy
shocks seen only by individuals directly invelved, Still, despite this separation and
private informatlfon, groups of agents, such as those constituting a firm, or even
gconcmy-wide groups with more disparate interests, do attempt to find mutuably
beneficial, muitilateral arrangements. The purpese of this paper is to examine the
types of multilateral arrangements which are viable snd beneficial for such groups
and to establish that such arrangements dep;and very much ont the abitity of agents to

communicate with one arother.

In its method this paper follows the literature on contract theory and
mechanism r.iesfén of Harris ang Townsend (1987), Myerson {1879}, and Townsend
{1982}, for wexample, stressing private information and incentives. The |dea,
essentiaily, is to speclfy the endowments and preferences of the agents and the
production technoiggy savezilzble ta them: to be precise about the information
structure; and here, to be precise about the location |tineraries of the agents and the
communication technology.  Then, rather than imposing 8 fixed cnntractl form or
resource allocation scheme, one considers a2 broad class of arrangerents and
determinas the constraints implied by private information, and, here, by spatial
separation and limited communication. One then goes on to determine Pareto
optimai arrangements, by maximizing weighted averages of the utllitlas of the agents
subject toc the cbvious resource constraints and these derfved incentive comparibility
constraints, Finally, by varying the technolfogy of communication, one induces

varlations in the derived incentive constraints, and in this way, in the context of the



programming problem, one can capture formally the idea that communication systems

matter and that particular systems may ba more or less limited.

An attaempt is made aisc:; in this paper to match the communication systems of
the theory with communication systems I!';I goctual use in historical, primitive, or
eontamporary struetures. In particular, an attampt is mada to interpret cohserved
financial structures as instances of the communication systems dascribed in the
theory. Qf course thls matching effort s somewhst heroig, if not controversiaf,
since not all the key assumptions of the theory match up weil with reality, in
particuiar, the theory essumes unlimited commitment. no dafault, and an ability to
meniter communication and exchange quite closely, whereas in practice, |imited
commitment, default. and highly Imperfact monitoring are tmporient. aspaciaily as
regards the determination of financial structure.’ StHl, an attampt is made hers to
match the location or person-specific assignment systems of the theory with centraf
exchanges, registrars of deed’ and banks or intermediar/es; to match the portable
object systems of the theory with various :urrancy. arrangements; and to match the
written message systems of the theory with the use of financlal instruments and

commercial paper.

It is worth while stressing at this point that the theory of this paper takes as
axogenous varjous featurss which are endogenous in practice and which further theory
might attempt to explain. In particular, by assuming uniimited commitment and no
defauit and by varying the communication technology exogencusly one does not facs
the guestion of what determines the extent or size of the group using a particular
cemmunication technology at a point in time or why groups or technology change

over time. it is hoped, however, that by better uncerstanding the role of pre-

1We know, for example, that kmitad commitment s a key aiament in recant thegries whigh attemet o
#xplain valued currency, az in the spatial modeis of Townzand (15980 and wericus overlapping generation setups.
Alzo, this ides sesms to match up wall with reality. COn the cthar hand, this paper hopes to contribute to our
understanding of currancy by assurming  full commitmant  and axamining whether thers is any rola faft for
currancy Lo play.



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

begin to answer some of these fundamentat*ﬁﬂficult guestions.

Finally. an attempt should be made in' this intreduction to relate this paper 1o
existing literature. Closest in many ways is the paper of Gale {1980} in which
refergnce is made to paper assets as acceunting devices in a world with & continaum
of agents and a limited social planner. Gale's focus is on conditions sufficisnt to
ensure that a sequentlal competitive equilibrium  with velued monay achisves a

full-infermation Fareto optimum, Hsre the focus is on =z private-information Pareto

cptimum in worlds with spatial separation and explicit, limited communication, in
which various kinds of financial assets are associated with various kinds of
communication systems. A second literature to which the proposed research Is
raejated is the IEterat_ure on limited communication in resource allocation mechanisms,
of Hurwicz {1972}, Mount and Reiter {1974), and others. Here finzncial instruments of
one kind or another are tliterally the messages which agents send to one anather. OfF
coursg, the idez that money reflects some “decentrafization” in the exchange process
appears frequently in the literature, but one shouid note hera, in partictlar, the work
of Brunner and Meitzer {1971} in which money emerges ln a world with an uneven
distribution of information, essentially by r:aducing the costs of acguiring infermation
and of constructing transaction chalns, the work of Radner (1568} on the emargence
of money in competitive market medels n which "somputational somplexity”
somehow limits- trades, and the work of Ostroy {1973} and Ostroy-Star (1374}, in
which trading rules are said to be decentrafized to tha extent that they oo not depend
an past histories, Finally, this paper iz related to the ﬁnrk of Ross {1877} and the

fdea that flnancial decisions act as signals In worlds wih private informaticn.

Briefty, then, the paper proceeds as follows. Section 2 iljustrates the contract-
theorgtic opproach, that is, how to dstermine an eptimal resource atlocation
mechanism and an optimai allocation of resources for a 2-agent, one-period example

economy in which quantities such- as endowments of one of the agents, are private



2 This ls done, sssentially, by extending what is now known as the

infarmation.
‘reveiation-principie’ to the anvironment of the example, Extensions to :the morg
general environment of the paper are then fairly obvious. A key aspect of these
extensions is the use of a double transfer, t#-suhsidy schema.  Section 3 gi#es an
example which iliustrates the uze of this scheme and which constitutes a bass for
analysis in the rest of the paper. Section 4 dascribes an extended, 4-agent, two-
period exampile scencomy in which there is 2 restrictlon to a locatlon-specific, aral
asslgnment system. An example illustrates how damning such a restriction can be if
there is spatial movement. indeed, Section 5 shows how cosly might be incurred so
838 to allow intertemporal links and z gain to mora enduring relztionships, Section &
shows in turn how 2 restrictlon to location-specific assignment systems can ba
mitigated if there are repeated intermittent meetings among the agents. In effect,
this section enviglons a rale for a person-specific assignment system, that |s, s role
for a go-batwesn or tntermediary, Section 7 goes on to thterprat, relative to tha
theory, actual location- or person-specific zssignment systems in use in various

places and dates.

Section 8 shows how portabis record-keeping devlces such as concealabie
tokens can further ovarcome transactions difficulties. Segction 8 shows that bona
fide commodity tokens can play a simiiar, aibeit more limited roie. Section 10 in
furn envisions a role for multigleldiffarentiated tokens.  Section 11 then interprets,
reiative to the thaory, various portabis objact systems in use 2t various pilaces and
datgs. Written message systems are considered in Section 12, syatems which are
compiete relative to the requirement that.messages be transported with people.

These systems are interpreted in Section 13, Finally, Section 14 offers a brief

commeni on teiacummunicatmn* systame, both in thaory and in practice.

2Ir: might bs nated that mush of the fieratere on rescource sifoeation mechenisms ignores privately obsarved
endavwments,  Important exceptions are Postlawsails H374&], Hurwicz, AMsskin and Postlevalte {19803 and also
Pithyecherivakul {158 11 '



2, CPTIMAL__SOCIAL ARRANGEMENTS IN A CLOSED  COMMUNITY  WITH
UNOBSERVED QUANTITIES

Te begin, we shail illustrate the contract theoretic arguments of this paper and
consider how to detarmine =n optimal socisl arrangement in a closed comemunity, one
in which. all sgents are togather ar a single location, and in which, consistent with
Harris and Townsend (1981), Mvyerson {1979). and Townsand {1982} there is essentially
unlimited communication. Here, however, in anticipation of what s to foilow in later
sections, where concealed portable objects are viewed as privately-ohserved
baghning-of-period state variabies, we shall focus on endowments as ;ﬁriVatalv-

cheerved variables and ask whethar such quantity information can be exploitad.

Thus, congider a simple aconomy consisting of just two agents, a and b, who
are paired with one another at two dates, a8 planning period t=0, and a consumptlon
period t={ {(obviously the common trading location need not be named and its name
can be deleted from the notation), The economy is subject to shocks & at t=1,
observed by agent 2 alone. Indeed, suppose the sndowment of agent a at t=l is a
non-nagative vector, dengied ﬁ'al = # for simplicity, and 15 random, taking on one of
twao possible values, #' or 4" at the beginning of date t=1, Again the realizations
of # are known only to agent a, Lst © = {§'.§"}. The endowment of agent b at t=i
is some constant, say Ebl = W and hence known by everyeone, The preferences of
ggent a over consumption at date t=l In event shock # is realized are representsd by
a state- dependernt utility function P{c®,4) which for esch & is strictly increasing,
strictly concave, and dispiays decreasing absciute risk aversion, The prefsrences of
agent b are represented by a utility functlon %™ which Is strictly increasing and
wreakiy c¢oncave. In the pisnning period the two agents sit down with one another to
agree upon some resource allacation scheme. We shalt suppose that they have under

censideration a fairly broad class.

Supposa in particuiar that agents have under consideration a social arrangement

or resource zllecation mechanism of the following type. At date t=t after & {3 known



to agent a, agent a can send a message m to agent b, or to seme center, |h general,
the set of all possible messages Af can be gquite unrestricted in - nature, but for
simplicity here it i5 supposed tc be a subset of 3 finita dimensional Euglidezn spaca.
Once the message space A is specified, howaver, it cannot be alterad, Upon receipt
of a message m <M [t iz understood that two rounds of transfers sre ta take place,
The first round is "tax” r=fra,rh}. where 7' is & tax on agent §, i=ab. This tax may be
imposed in & rendom way, in accord with some probabllity measure p’{ml
conditional on the massage m. More formally, given the endowmant #, the space of
feasible taxes r is defined by 0<r'¢#, ag_rbgw. Llet T{?} denote the space of
probabliity measures over such feasible taxes, and suppase that probability measures
pTiml med lie in UT[E‘} and are thus feaslbie for some endowmant 6. The second
round transfer is 2 “subsidy” sals®s™) where s is a subsidy te agent |, I=z,b. The
subzidy is imposed in sccord with some probabiilty n:leasure plrm. 7). conditional on
the initial message m and the first round tax r. More formaliy, agiven the tax r, tha
space of feasible subsidies is defined by s™0, §730, s+s"¢r%+%, Lot S{r} denote
the spacé of probability measuras over such feasible stbsidies, and suppose that the
measures p°lm,rl, meA, lie in Sir). MNote that each mwssure p*im,r) is restricted to
ba & weli-dafined conditional probabiiity measure. Finally, of course, once specified,
the measures g {ml and pStm, r) meM, vempietely determine all possible transfers
Detween the agents. Thus it is supposed that there s some technolegy which

prechudes raneging or defauit,

Confronted with 2 resource aliocstion mechanism, that is, s message space A
and measures p’{m} and p®m,r), snd given the shock #¢®, agent z determines all
feaslble messages which he might send, a{l messages under which he can pay any
tax which might b imposed, that |s, such that p"(mi«T(8. The Idea here lz that
having announced message m the agent must put up front, on the tabde s it were, in
open view, the amgunt of the consumption good requirad for any realization of tha

lottery p7{m). It then chooses the best such message. Thus agant a solves
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Max ,S‘Ua[ﬁ*"ra*-sa.ﬁ}]p"’{m.r,ds} B’ im,dr. {1
m e

The best such msssage, assuming existance, is denoted md}>.

By gonstruction of ms#'}, say,

Hu“w' - %5%.8" 1p¥m={g '), r.ds} pT{mw(g " },dr}
{2)

= S‘S'LFEEH'-rﬂs’,E']pE{Fn,f.r;fs}l a”i{m,dr)
for ail messages m which are feasible given @', that Is, such that p7im} is an
alement of T{F'). In particular, consider the probability measure chosen in some
counterfactual situation, say p’ {m#{#"}], when & = #". Then either that measure is

not feasible given 4 = 4°

oTImMa"fTIE) - / (3]

or it Is weakly dominated given #=8",

ﬁu‘m Car®es® @ 1p T8 b dsln T Emeig L dr] 2

. 4
ﬂua; gt -r's? 8t Ip [mw{g")r.ds1p” Ime{d™)dr].

It now becomes apparent that we might well have restricted ourgelves to
simpier resource =flocation schemes, ones which allow agent a to make a direct
announcement #. that is, with message space A = {#', #"}. and in which such
announcements effect random taxes and (conditionall subsidies »7(#), and =&, 7},

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

aJ'n.unneu gernerally, we might bave allawed agsnt & Lo adopt a rendom stralegy 8{f). a probabiiity measurs avar
the spece of possible messages AF Clearly, though, agent a2 would anly rendomize aver massages smong which
ha is inditterent, sa a degenerste random stralegy would always be maximizing, The norEtion in the taxt
azEumes same selection rule whan the best choice is nat unmiqus



way that agent a will make announcements truthfully, That is, given some arbitrary
initial resource ailocatlon schema with massage space M, random transfers g, and

maximizing strategles m« {#), fet

eTi8) = pT [m#g)]

7°lg,r) = ﬁstm*{E},rI. {5

Then, by saguations {(3l-{4}, given the shock, say f=4', either the announcement f=g ™

is not faasible, that is,

“To"ETIE ) (6}

ar such an announcement |s weakly dominated by truth-telling, announcing f=4"7,

.S..S‘Uafﬁ Terles) 8 1578 rds1e T8 .dr ]

{7}
p-3 gu‘[&' -rfest, 81 12518", rdsln T L8 dr L.

Thus truth-telling when #=#" iz maximizing even if I¥ing is feasible, OFf course a

similar condition holds when g=g".

Any of thesa simpler, sc-cailed (truth-telling) direct revelation schemas is
entirely characterized by ths tax-subsidy probability measures »718), #%4.r), 0EO. In
effect these probability measures = form a contract between agents s and b in which
agent a has several individuaily-sffected options or contingencies, optlons wiich can
be claimed at agant a's discretion without verification. Again, these probabhity
measires must satisty equations (8], {7) and their analc;gues for §=6". Thus it is that
the determinstion of an optimal socfal arrangement is reduced to the protrlem of
choosing the contract » in a Pareto optimal fashion. in short, we are reduced to a

programming problam,

&
For mara on this interpretation, sea Prescoit and Townsend (13843, 1984h01.



Pragramming Problem 1:

Maximize

w'Zy Prob {mﬁ‘u‘[a-r“ + §,01n (0.7, dsls" [6,dr]

(8}
+ a."za Frob :mﬁubzw-r“ + s®12%(8,r.ds1n " [4.d7 ].

by choice of measures »{e} and »°ls}, subject to equations {6} and {7) and their
analogue §=4", where " and &° are fixed weights betwesn zero and unity, summing
to unity. Finally, if we wish to ensure that no agent be made worse off in this
opttmat social arrangement than he would be without trading, that is, by consuming
his endowment, we may easily append onto Protiem | certain individual ratfonslity

constraints which ensure that cutcome.

That the determination of an optimal social arrangement can be reduced to tha-
preblem of finding a selution tc someg programming problem is quite general, subject
only te a few caveats. That is, we might have allowed agant & to suffer from a
finite number of possible shocks #¢@ @ finite, or agent b to suffer random,
privately-obsgrved shocks as waeil. Or we might have allowed both agents to live an
arbitrary (finite} number of periods. Indeed, consistent with the genaral structure, wae
might have layered on = finite number of agents with arbitrary period-by-pariod
pairings. Further, as we shall see momentarily, we might have allowed explicit
restrictions on communication; for example, we might have supposad that when
agents ara paired with one another, they know cniy the history of their own mutual
communications. Lass limited but stil imperfect communication of past messages
will alse he considered. But none of thess extensions ajters the fact that the
determination of an optimal social srrangement ar rescurces or an aptimal contract

recuces to the problem of finding 2 soiution to a weli-defined pragramming
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;::t'i:‘r!:.il.uzam.5

One might also note that there s supposed to be no reneging, dafauit, or ex
post collusien i:;: the pragent set-up. That is, ail agents, anide By the rulas of the
resource allecation scheme, the [i{e), as if there ware a perfect, costiess commitment
technolegy, one which flimits the set of possible transfers and set of possible
messages and which links these two together as agreed upon  initially. For
specificity, one might conjura up an tmage of conveyor beits snd prasst microphanes
with no optians to walk away. 0Of course in practice cammitment devices are not so
fantastic. and it might be supposed that agents do seek to renage or coliude
whenever possible, In this way, then, the existence and nature of commitment and
monitoring technologias takes on considerabie importanca, Stifl, v any more
elabrorate theory, one might hope to maintain the distinction emphasizad in this paper
between known reneglng on preexisting agreements and the prescribing of messages
or actions contingent on  private information, somathing  which is inharently

unenforceable,

3. AN EXAMPLE DISPLAYING THE DOUBLE TRANSFER SYSTEM

Maving iszued all these disclaimers, we may now retern to the simple Z2-sgent
structure described earlier, assume thare s anly one good, and proceed to
characterize explicitly 2 Parsto optimal social arrangement. This will serve to
illustrate how the two-round, tax-sulszidy system can be used to overcome apparant
incentive problems. The example will also serve to establish that the comstructs

developed thus far ars not vacuous.

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

EDT coursg thers aiviays remains opsn the question of whethar the cigss of rasturce gllocation schemas
considered was without loss of generality or. betler put, utillty, For example, one might have considecsd
sequentiai within-period mechamigms 35 in Harriz and Tawnsend U977 {1981, or disirlpution funetions which
ara less restricted, say aflowing first—round taxes to ba negative andiar sacond-round subsidies to be negatiee,
[t is clamed that neithar of thess lmss restrictive specificaiions would really broaden the class of rasourca
allgcation rechenisms under cansiderstion, but thera may well be some which do indeed brosden the slass,
One might conjeciure, of colrse, thal the zpirit ¢! the regutts of this paper would not be altered in such an
event, Bul that must be teft as ar opan gquestion,
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b {though in the end ws will be assuming that they are obhserved by agent a alone).
With publicly observed shocks, we may then procsed to characterize an optimal risk-
sharing arrangement with the usuali state-space analysis. That is, as Flgure 1
ilustrates, the econmomy under consideration ts associated with a standard Edgewarth

box diagram. The endowment of agent a is high in state one, say g=§",

W A

FIGURE 1

and low in state two, say &=8", with the endowment of agent b a constant and thus
on the 45° line from the origin of agent b. Frem the point of view of t=0, prior to
shock realizations, the two agents attempt to settle on an optimal silecation of
State-contingent ceonsumption claims, an alloeation on the contract curve subject to

individual rationality.

There are two cases to be cansidersd. For the first, suppose utility functions
are such that the contract curve in the lans-shaped, Pareto impraving trade reglon ligs
entiraly scuthsast of the endowment point e, as illustrated in Figure 1. Then for &
consumpticn ailccation © on that pertion of the contract curve, agent a is to receive
the consumption good when his endowment is high, at #=8", and is to surrender the
consumption goad when his endowment is low #=8', With publie information on
shocks, the final consumption aliocation ¢ is attainable. Of course with shock
realizations of agent a private to himself, agemt 2 always would claim the
endowmnent is high,_ effecting a positive transfer of the consumption goad. But it is
now arguad that this incentive prebiem can be removed by two-round, tax-subsidy

systems. In particular, i agent a ¢laims his endowment is low, #=8', iet hm pay a
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tax which gives him the consumption aliccation €, lat the subsidy associated with
the claim #=#' be zere. if agent a claims a high endowmant, #=8", let him pay &
tax which gxceeds the low sndowment value, #=8', and then recajve = subsidy which
gives him the consumption allocation €, In this way, agent a will claim a high
endowment when the endowment actually is high, but will be unable to claim 2 high
endowment when the endowment actually is low, since ke must pay ths first-round
tax. In summary, then, in this rather special setting, agents can achieve a fuil-

information optimal aliacation, svan though there is private information (this resuit is

special; full information optimal aliocstions genarally will be unattainabiel

A second case is aisg of some interest Suppose the lans-shaped regien in
Figure 1 wers to lia antirely northwest of the sndowment, as would be the case, for
exampie, if there were no shocks to preferences, agent a ware risk averse, and agent
b were risk neutral. Indeed, hereatter, we shall draop the shocks from agent a's
utility fun-:ti;::n gltegether, Then any trade which improves upon autsrky has agent a
raceiving the consumption good when his endowmant is iow. Of course the incentiva
problem is that agent a would always want to claim the endowment is low, Suppose
moreover, that we contemplate a firstround tax. But any tax which can bes paid when
tha end;wrnent is law, can be paid also when the endowment is high, thts leaving us
with the same Incentive problem. Finally, suppose we imagine there can be mutuallby
beneficial exchange with lotteries. The mean or average consumption allocation must
iie in the {ens-shaped region, as randoamness and risk aversion can anly make agents
waorse off than as if receiving the mean consumption itsetf. This implies agent a has
8n expected net receipt if #=0" is realized and is claimed and an expacted net
paymemt if #=87 is reaiized and is claimed. Again, randommess can only enhance
atility less and reduce utility gain. But under our hypothesis, utility is increased
overail 56 we must be assuming a utility gain when #=8' is realized and is claimed,
Thus 2gent a has an incentive to claim #=§' when indeed 4" is reailzed. But than

agent a wouid aisa experience 3 utility gain when 428" i3 claimed aven when g=F"
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is realizad — his expected net receipt occurs when §=f§' is claimed, and with a
concave utillty function, decreasing absolute risk aversign and &“)&”}the utility loss
associsted with the randomness in that net receipt is even less than if 8=4" were
realizad.  This contradicts the suppeosition, and so lotteries do not aileviate the
Incentive probiem. in shert, there can be no mutually beneficial trade In this case,
gnd the optimal rescurce allocation mechanism is associsted with autarky {agaln, this
result is special; the Incentive probiems of private information are genersily not so

damning},

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

We shall now Introduce spatial separation into ouwr closed economy and
consider first the most primitive of ¢cammunication systems, namsly, Iocatiun-specificj
arai assignment systems. Thus, consider an economy with 4 agents labelled a, 2', b,
b’ and twa trading locations, labeled 1 and 2, Each agent i lives two periods lin
addition to the t=0 planning date} and, for simplicity, faces an exeogenously given

itinerary or sequence of pairings with other zgenis as described in-Table 1.

1ocation L 2
date 1 {a,n} fa*, k")
2 fa, b} far,b)
TABLE 1

Thus =gents a and a’ have permanent residence in locations 1 and 2 respectivaly.
Agents b and b’ are initially paired with a and 2’ respactively, but switch locations in
the second period. Each agemt | has a within-period utility function el over
contemporanecus conslmption vectors and discounts the futwe by parameter A

DA< T,

Mow, suppose for simplicity that ail agents somehow manage to get together
with ons another at date t=0, at some (centrail location, to set up an optimal social

arrangement, a tWO'iOEatjﬂﬂ'i aral azsignment, racord-keeping system. That is. agents

{
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zgree at t=0 on the set of possible messages wi:r'rch can be sept between the two
agants of each agent pairing =t sach date and igcation. Far axampie, agents a and 2’
may each =zgree to report on privately-observed incomes.  Further, agenis agres on
the tax-subsidy ruies in place at sach date and lgeation, the sei of tax and subsidy
probability measurss which are to be effected hy thesa individuaf messages or
clalms. Finally, as befors, there is assumed to be no renaqing or defaylt on these
agreements, as if there were some fantastic perfect commitimant taechneoiogy. But the
communication s imagined here to be entirely oral, and limited to the two locatlons,
and so for the sxamplie sconemy described above, the allacation rules at each date
and locatian can have az arguments, at most, the meassages sent befween tha two
agents at that date and location. That is, there is ne communication across locations
at a glven date. Further, the messages sant at a given date-and lacation cannot be
written down. [ndeed. it is supposed that there is H;J paper of any kind and ne
storable commodities. Of course househoids at date 2 might claim any history of
communication  they iike, but these claims  will just  constitute  another
contemporansous date 2 message.  Thus, much as befaore, households may, without

loss of generality. he restricted to announcing contemporary shocks,

Mot surprisingly, to the extant that the tachnology of communication is entirely
orai and [imited to the two losations, mutually beneficial trade is made difflcutt, i{'-
not impossible. This is illustrated with the gxample economy of this section. For
suppase that agents a and &’ alone suffer random endowments, with privataly-
obsarved, beginning-of-pericd realizations. That is, lat EJ‘““ and 6'52:. t=1,2, denaote
the endowments of zgents a and @' at their respactive locations, 1 and 2, at date
t. Suppoese zlse that agents b and b’ have nonrandom {publicl endowments Wbil, Whlit
t=1,2, respectively. Then, to detarmine an optimal allocation, it is enough to find a

tax-subsidy transfer system » o ”Tit for each location i, i=1.2, and each date t, t=1,2,

which solve a fairly complicated looking pragramming problem; hera rr:,[ has as its

has as its argument 6““11 and = _.: a:rTE has as its argument H‘:E.

argument 8'1 gy .

H
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and so on, But the incentive constrzints in this programming problem contain no
intertemporal links, and soc solving this pregramming problem quickly reduces to
solving four separate but identlcal versions of Prablem 1 in the previous section,
correspending to the meetings of 2 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 sach of thesa
pairings are such that the no trade case of Figure 1 prevails, then indesd there can

be no mutuaily beneficial trade whataver.

5. THE_GAIN FROM INTERTEMSOQRAL LINKS WHEN INFORMATION IS PRIVATE

The rether disastrous outcome of the previous section could be avoided if
agent pairings were repeated in the second period, as if agents b and b’ remainad at
locatiens | and 2 respectively or returned there at the beginning of the sescond
peried, Indeed, suppose for simplicity that this s possible if some amount K of the
consumption good is used up in the second period, say disappearing from the
endowmeants of agents b and b’ respectively, and suppose aise for simplicity that no
trades are conducted at what would have been the new trading location at dats t=32,
e.g. agent b at location 2, though such trades must have been the motive for travel
Finally, suppose aise that agents a and a' are identical as regards preferences and
endowments, that is, sach has the szme Intertemporal utility functlon and faces the
same distribution of endowment reaiizations, with baginning-of-period reatizations
private to the individual. Similarly, suppose agents b end b’ are identical in that
sense. Thus, we can focus on the pairing betwsesn sgents a and b for, eduivatantly,

#' and b’} and ignore the location subscript and, in part. the a superscript.

In the first pericd, we may suppese, without loss of generality, that agent a is
o announce some endowment realization &T, effecting a random tax-subsidy transfer,
:r’;llﬂ1}, ars1{Hl.r t}. n the second periud_ W may suppose, without loss of aenerality,
that agent a is to announce some second-period sndowment realization 5'2. But with

first-peried announcements {and transfers) new known by both parties, these second-

period announcements of 32 can effzot random tax-subsidies, :-.rrzfﬁi.ﬁ‘z,rfs‘ll and,
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p
”52{31‘52"'?'51'72‘1’ which depend on flrst-paricd aonouncemeants and realizations.
After all, these first-pericd announcements and raalizations are known by Hoth agents
in the second period, and so we suppose thE.‘f can commit themselves ta second-
period tax-subsidy rules which are accordingly indexed. Finally, we may suppose that
announcernents are made ruthfully in each period, leading to a new problem,
Programming Probiam 2
Maximize

E{E Prob{# ]I F'rob{& }S‘S.ﬁ.{U [& --r +g? J+ﬁU [6_-r*+s? ]}

2°2 72
wtg B .7 .5 7 ds a8 H_ .7 5 dr bal6 .7 ds) {8 dr }'}
- h bl - R e L LR Tl Ll LT LU T (R

{9)

E Problg }E th{ezﬂﬁiu“EW,-r‘:ﬂ?l+ﬂU”EW2*fZ +8,K1}

3 * 5 T
”"zw1‘32"'1'51”2‘“32}”2{51‘32"'I'ST'd"'z}”’1{51"’1'd51} ”1{31'd71}}

by choice of measure r.r:{f} and :r:it}, t=1,2. \
Here the second-period incemtive constraint, given some histary {Ht,rt,s‘}, given
some current endowment realization 62, for a possibie counterfectual endowmant

ciaim , is that either
P2

w218 poer 8 JFTIE) (10}

o

SIU 14 '"r + gl ] us{ﬂ ) 21T 1¢8 47 .08 }rrr'[fi' .0 s ;drzi =

Ty
{11}

3 a ] & T
S:S.U [,y + szinzfﬂ1.¢2,r1.$l,r2.d52}#2fﬁ1462.7‘1&!.(1?'2]‘-
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The first~paricd incentive constraint, given some andowrment raalization 5*1, for soma

counterfactual endawment claim g s either

v Tip JETIO ) (12)

or
ST (| AP
5 Frop B 0MHUTE rle $71 « A8, 130 303
5 T 5 T
PAUNCREREIE I A N S LR L R T EA U P B~

{13}

EzFrub {EZ}SSSXEUEIE;T‘: + 51] + ﬁ{.la[ﬂz-rlz - 5;]}

Y T ' ] r
r.rzl:y1,52,r1.3‘,r2.d52}#2{y1.32,1’1,31,111'2}#1'[? I'r‘l’dst}zi {#rdri}
{Here of course T{Sz} is a adjusted to take into aecount that the endowment of agent

b is dimintshed by KL

The sclution to Problem 2 will generaily entail some nontrivial exchange., even
under endowment/preference specifications that make the solution to Problem 1
autarkic. This should be true even for fairly large resource costs K. The key, of
course, is the possibility of intartemperal links, with second—pericd transfers
dependent on first-period claims. For example, pure borrowing-lending agreements are
possible and mutuaily beneficial; if agent a's endowment ls low in the first date, for
example, let him borrow from agent b and promise to repay the loan at the second
date. 0f course, =n optimum will almost surely mix  such borrowing-lending
agreements with some form of risk-sharing, as iz argued n more detail in Townsend
[[882). And quite pasaibeJwith some nentrivial time dependence in the smchas.tic
proceszs for tha endowment 6: agents will make use of double transfers systems,

since quantities convey information about® future parformance.
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6. INCENTIVE COMPATIELE ARRANGEMENTS WITH INTERMITTENT MEETINGS: ON
PERSON-SPECIFIC ASSIGNMENT SYSTEMS

The opthlmal arrangements described in Section 4 inay seem lImited, and tha
raturn-to-home-hase model of Section 5 may seem demanding, relative to our priar
about location-specific, oral assignment systems. Perhaps a irade is made possible
under grai assignment systems if only agen'ts deai with one znother on  an
intarmittent basis, This section makes farmal that idea and shows how
intermediaries or person-specific assignment systems might emerge. in the end,

though, aral assignment systems are stiil shown to be somewhat limited.

Te proceed, them, consider a simpie three period, three agent, two location

ecanomy with exogencus pairings described hy Table 2

location 1 2

date 1 fa,B) {c}

) {k,a) fa)

3 {a,b.c) g
TABLE 2 -

Mote that In this economy all essential meetings take place at tha first
location, and s¢ again we may ignore ths lecation supscript.  Alsa, suppose for
simplicity that agent 2z alons has a random endowment vector, and only at date 1,
denoted Ei"1. Otherwisa, let WE denote the endowment of agent j at date 1, a publicly
observad vector. The notation for praferences is as abave. Finally note that agent b
stays at location 1, so he may be interpreted in this exampie econamy as a banker

or intermediary.

Without loss of generality agent a In this setup may be restricted to

announcing &': at the beginning of date 1, though we shall have to ensure that he
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announces truthfully. Motationally, then, the lotteries arT I!&'ii on taxes r < I!r:, ft:]'

and rri{ﬂ:, 7} on subsidies & = ;'5";, shfl'} are indexed by those announcemants. Also.

because agents a and b are together again at date 3 the lottéries at date 3 on taxes

- a B o - i B .- . a
Ty = {Ts' 'ra.-faj, and on subsldies 8, = {53, 5 53} are indexed by # announcements

as weil and also by first period transfers T, and 5. That s, as in Harris-Townsend

{1981, since two sgents, a and b, know the announcement of f.?'i and the transfers
T, #nd s at date 3, this infermation can be made public at date 3 in a carefuily

constructed matrlx gamae.

Continuing, suppose agent B (the intermediaryl mekes announcements at date 2

about H'I announcements at date 1 and ziso abgut transfers T, and 5, at date 1, the

performance of his portfolio, as it were, Also suppose the date 2 tettery rules

determining taxes T, {r:. r;} and subsidles 5, < ':52- s;]' are indéxeq by such date

2 anhouncements of agent b. Now since ggent a is not present at date 2, the date 1
E’; arinouncements of agent a and the date 1 transfers T 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 ¢ ara together again at date 3 and sc date 1 tax-subsidy
lottery rules can be indexed by ths second-period announcement of first-period

announcemaent Ba? and Tfirst-pericd transfers T and s, directly, In the end, then,

fotteries :r;{l!??l. r,. 5.1, r;m‘:.r 5 .12} at date 2 are indexed by the znnouncements

7 T 171

a
S 8r s PE H:,

. Tig® )
of agant b ar date 2, and the Iotterpesh “3:31"'1 g 0T T,

s a
’52}' w3{31,r

T8y rz'sz'fa} at date 3 are indexed by both the announcements of agent a znd

transfers at date 1, hence the first tripiet, and the announcement of agent b and
transfers at date 2, hence the second triplet.  Finally, the incentive constraint of

agent b at date 2 iz of the form

S.Slﬁ'{uhtwg-r; * sl + g UMD sg}}

1 a Tigd
oy {51,r1.st,r2.d52} 172:191,1'1,51.-1:11'2}'

a

s ToauT t

Spqd T Tl . .
::rs_{ul.fil'1.1v-1.sT,aEFr1-1..51J . 2‘52":'53}”3{&1'71'51’& T8 rz.sz.drai
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= j‘ﬂ‘j{ubtw‘;-fg * s} + AUNWI-rD < s’;}}

r - -
dsz} :'rz {aa.l.r'r.lfs.lfdrz}

{14

1 - -
ﬂziﬁilrjrs1fr2l'

553 - = i pd
rafﬂi,r!,s & TS sz,fz,ra.dsa}ﬂ3{31,r

¢ By S FLr.Ss

1754 o7 gedry)

2

whare the ~ in {14} denote possibie counterfactual snnouncements of {Eit, T

Egustion {14} makes clear that in genersl, uniiks the uutnclvme in Section 4, the
transfars at date 2 can indaed be indexed in a nnntrivia; way by the H“T
announcement, and in that sense intermittent meetings do help avercoms the
limitations of oral communication. On the ather hand, thare are still limitations-—

equation {14! does imposs Hmits on the extent to which aliocations can be indexaed.

7. AN INTERPRETATION OF L CCATION- OR FERSOM-SPECIFIC ASSIGNMENT
SYSTEMS

In view of contemporary financial institotions and markets, we may bhe
unaccustomed to  thinking about location-specific or person-specific assignment
systems as a dominant form of economic organization. Hut economic history does
provide some examples. One example s the form of harking in Eurcpe diring the
initial stages of the Commarcial Revolution, from the 10th to the 15th centuries, in
Barcelona, Bruges, or the fairs at Champagne, for example, as described by Usher
{1843) and DeRoover {1948). Apparently, in these places an agent could open =n
account with & banker but to transfer the account ta soma third party, far axampia,
as the result of a purchase at the locai market or fair, both the initial ggent and the
third party had to return to the hank where, in sffect, under thair instructions, twa
separate bilateral transactions with the banker took pilace. Accounts were kept in a
written ladgar, apparently as an aid to memory and for evidence in potential tegal
proceedings. But writing piayed no role for transfers outside the bank. Apparently,

similar location-specific assignmeant systems ware used in Genea, for example, to
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transfer the ownership of shares to commercial trading venturas and of annuitles
based on municipal tax revenues. In fact, cn reflection, - [t seems that |ocation-
specific assignment systems have been used in more recent history, as with the

ragistrars of land titles or desds, for exampie.

A5 for perscp-specific assignment systems, [t is sometimes difficult to
distinguish these from location-specific assignment systemsa. in fact, the medieval
bankers referrad earlier ware mcbile, setting up their tablez for business on a day-

by-day bssiz and occasionally traveling to tha fairs of Champagne from lraiy.

StHl, though the present paper might help us to understand the role of
tocation- or person-specific assignment systems, such as banking systems, once they
arg inr place, it should be stressed that this paper does rot purport to offer a theory
of assignment systems or banks. That is, -ft does not describe the circumstances
under which a particutar assignment system would have force relative to aiternative
soclai arrangements.  Thus, the paper does not explain who might emerge as 3
banker and under what clrcumnstances, One suspeels that aspects of [imited
commitment and enduring relationships are needed for such expianations, but that

remains beyond the scope of the prasent effc:-rt.

8. PORTABLE OBJECTS AS RECORD-KEEPING DEVICES

The next step up in the hierarchy of communication in spatizi settings would
seem tc be the Use of portable record keeping devices, tanglhle but conceaiabie
physical objects which can be used 2z svidence of past transactions or actions.
indead, to think about this idea formally consider again the 4-agent, two-period, two-
location economy of Section 4. But suppose now the existence of portabie
conceaiable objects in the form of tokens, that is, objects wh;ch can be carried
about by the agents and hence stered from period to periad. Also suppose for
simplicity that these objects are intrinsicaily useless, that is. do not enter into

anyene's wility function, Finally, suppose that the production and transfer rules for

these tokens is the subject of complete public control, though again, with [ocation

L]
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shifts, individual hoidings may be private to individuats. Under these assumptions,
individual token haldings, though private to the Individual, gonstitute stata wvariables
which can be announced by the individual and thus subjected to contingent taxes and
subsidies, just as commodity endowments warg earlier in the papef. in this way,
then, contemporary transfers can be made at least partiglly contingent on individual
token holdings and hence contingent on past transactions. Indeed, as we have
zlready seen. interteamporal links like this, however tmperfect, can allow mutually
beneficial arrangements in situations where otharwiss arrangemsants would be guite

limited.

As it tuns out, the anslysis and notation of this section can be faciiltated
considerably by the assumption that agents a and &' are symmetric in endowmenms
and preferences, as described sarlier, and also agents b and b’ respectively, and that
further agents b and b’ are risk-neutral, Undaer these aswmptidns, though agents b
and b' could earry individual tokens in order to make second-period transfers
functions of the first-pariud\Lhistnrias they have experiencsd, in an optimal
arrangemant they will not do sa.  Any such variatians in second-pericd consumptions
could be smoothed out entirely by agents b and b’ without any less of utility and.
"more to the paint, without any adverse effect on individual incentives; after all, only
agents a and a' are supposed to suffer privately observed endowment shacks in the
first pariod. The end resuft, then, is that we nead only be concerned with tokens
carried by agents a and a". r:imatil',,:Jr under the symmetry assumptions and the
requirement that agents 2 and a' receive equal weight in the social optimum, and
similariy for agents b and b’ respectively, the proegramming problem for determining
& social optimum in the 4-agent, two-peried, two-location sconomy can be reduced
to a pregramming profiem for an apparent 2-agent, one-iogstion economy consisting
say of just agents a and b; that is the primes on verizbles may be delated for

simplicity.

More formaily, then, one needs only to digtinguish taxes and subsidias on the
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consumption goods from taxes and subsidies on token®and to keep track of token

balance hoidings. That is, given an endowmsent realization &, and initial currency

1

hoidings I"u"IE af agent a, first-pariod token taxes r'tc and rbh: on agents a and b,
b
1

fax r {on agent a alone) Is feasible if 0 ¢ ., < M, where r fg restricted to
m - im 1 m

respectively, are feasibie if 0 ¢ +° = L 31, 0<r - W1, and the first-period token

¥

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

T, {ﬁ":l denote the space of possible probability measures ovar such taxes r, s {r’tc.

rh r. } given the endowmemnt realization §

. and fat »" {#.) denote the measure
ic tm . 1 1

1
used for the znnouncement 31. Flrst-period consumption subsidies 5‘1: and s“ln on
]

Tg

ggents a and b, respectiveiy, are feasible if s’lcg 0, s >0 s et sbm £ r'm +

rbn, and the first-period token subsidy {on agent a sfone! is feasible if s, 0, again

with the restriction to Integer wvalues, Lat =N '[1'1}' dencte the space of possibie

probability measures over such subsidies s, < {s'm, sbtc. s,.1 and lat arsillﬂrrll

denote the conditional measure used for the endowment announcement 491 and first-

round tax 7 ,. Similarly, sacond-period consumption taxes r°, and £ are feasible

2o ic .
H 0 < r’zc gﬂz. 0 < szc 4 WE. as before. The second-period token tax {on agent a

alene} is feasible if 9 ¢ Tom £ M, s, PEM, - *$, - Lat T IM 8.} denote

T im m 1 Tim T

a - .,k

the space aof fessible probablilty measures over such taxes r_ = |[r et Tom

2 2’

conditionat on beginning of second-period token balances, M_, and second-pericd

2!
endowmant realization, &2. and let ”TE{MZ‘ Hz} derncte the sacond-period conditionai

measure used, again with the stated conditioning sfements. Second-perigdg

10.53 + ¢ r?

consumption subsidies s°. , 57 are feasible if 3 > 0 s s
2 l Zc

2¢c e g — ic
+ szc. and here we can ignore the second-pariod token subsldy {fon agent a ajoneh

Let Sz{rz} denote the spsce of feasible probability measures ovér such subsidies 32

2'32'72} dencte the

- {33

2c'5b2c} with the stated conditioning elements, ang let HSZ{M
conditienal gecond-period measure. Again sxpleiting the symmetry assumptions and
assuming agents a and &' receive sguai weight in a2 sccial optimum, and similarfy for
b and b, we are now able to write down a programming problam for the

determination of 3 soc¢ial optimum,
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Progremming Probiem 3:

Maximize

«{Z > ‘S‘SSS‘a s, A arg b, .

w {EqFrnb{ﬂi}ﬂszb {32} ULE, Te 51::] +ALLe, Tos * 851

= T F T
rztmz{rImas.Im}iazarzrdszlﬂzl:mz{r.Fmrs.im}r Ez;d'rz:‘li?1{51,T1rd51j?r1':51,d1'.r}|}

{15}

LI > X SSSS& b By, mb b B
@ yg,Frob {E1}I52 Frob {32} UTTwW, Tie * 5y v AU [Wz Toe T By,

g : T 5 T .
#E]:ME{T i ]m}',ﬂzrfz,dszl HE[MZ{T 1m*51ml’ Ez.d:rz}ﬁ 1{|9 7 1,E|51]'ﬁ' l'{ﬁ 1,l:|r 1]'.}

by choice of s‘;ﬁ-} :rj{-i rr;{'} n;{-}; and subject to certain incentive compatibility
constraints.  For these, lot Mz denocte the {finitel sot of Beginning-of-second-pariod
token balances, ail holdings Mzﬂrm.stm.‘r which are possible given the family of
prabability mesasures :rr1{5'tll. w51{€1,r1}, that is, possible for some realization 3‘ and
for some realization of the lotteries LT Then the incentive constraint iﬁ the second

peried, if beginning-of-period token balances are actually M, and thé second-period

2
endowment is  actually 824 for some coumnterfactual token hoiding, endowment

annauncement {N_,s ). is of the form sither

T
o7 N, JET 06 ), (18)

so that nfz{N .552} is not feasibie given M_ and . or
2 2
y:: fu'wz-r;_c + 85,1 7y, 8 .7, ds,} roiMo.0 dr )
{17

= ﬂ'ﬁ‘ U875, + 55,] 7giNpB o 7080 2N, $pdr )

sa that the announcement {Mz,ﬁz} is weakly preferred. Similarly, tha incentive
constraint in the first pericd if the endowment realiration is actually 31, for some

counterfactual endowment announcement 9"1‘ is of the form either

o7 g T L0 (18)
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ar

%2 Prob {Hzij:ﬁ‘s'{ urs 1*--raTc+sJ:=]+ﬁU;[&z-r;=+s;=] }

] T y -
NE[MZET1m'51m:|’§2'f2*d52]FE[ME{Tlm'sim}'gz’drzlﬁim1’r1'dslh’1{31":’?1}
N (AP
Z 5oProblE NS -l v Sl T v g ) v 8 1
s r E T
KZIMZ{T'irn'rs‘]m}'gz*rfdszlﬁz[mzfr'Irrl's'lm:l'EE'dTEJ“1{#I'rl*ds'l}ﬂl {g,dr b (19}
This completes the specification of Problem 3.

A comparison of Problem 3 with Problem 2 reveals the sense in which the
To Hew

CUcFEMCY system may be a {fmited commumication system. The environmeant which
generates Problem 2 allows the agents to kept track of past historias or, more
precizsely, to use the complete historical record in effacting contemporary trades.
That i5, second-period lotteries can be indexed by the first-period history, . {as
well as by reallzations of the first pericd lotteries), Thus, there is a different famify
of possibie lottery choices for every possibie history. In Problem 3. howaver,

. e
contemporary lotteries are indexed by beginning-of-period £l ncyqba{ances. and

h

these are private Information. Thus, we cannot insist that agents with different

nistories be treated differentiy. It is aiways possibie for an agent to claim to have
T Bems ) ,

less curremTy than he actuaily does, thereby gaining access te the family of lottaery

choices intended for someone with a different history, With more than one

8 The effect of this

commedity, for example, he may well want to do  this.
confounding, of course, is to limit tha extent to which famillas of lotteries can be

differentiated, thereby lmiting mutually beneficial trade.

EMN'I a single good Il i3 possible Lhal individual token holdings may reveal past hiziories competely. For
axample, if agant a “fends” the slngle good in perigd one. Mat Bim receive a positive number of tokans and let
him raceive zgro lokans otherwiss, when he "barraws®, Then, insist thay borrowing be "repaid" in the second
paricd in the avant that sgenl a csnnot support a tax on individual token holdings,  YWith twe goods, hoveever,
gent a may De & "barrower” ot one commadity and s “lendsr™ of Lhe other. with & decision to TRgay ona
good or tha ather contingent on zecond-perigd endowments, In such cirgumstancas, wilh positive prabability,
agant a reght wanl o understate loken hnlding‘regardtess af whather large haeldings were sssociated with the
lending of the first good. or the othar way argund.
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q .
% A _MOHE LIMITED ROLE FOR BONA FIDE COMMODITY TOKENS

We might consider in passing what role bona fide commadity tokens might play
in these worlds with private informatlon and limited cummu'ni:ation. Suppose now,
unkike the analysis of the previous section, there is no role for artificial, intrinsically
useless objects which can sarve as tokans, say due to counterfeiting ﬁossibfi[ties.
One's intuition is that bona fide commoadity tokens can still serve to {partially)
distinguish past histories, Just as intrinsically useless tokens do, and, as such, bana
fide commodity portable object systems can  stHl be viewed as limited
communication systams. On the other hand, the role of partable commodity tokens
would seem to ba more limited than that of intrinsically useless tokens, since a
commodity in the second period is the sams, whethar achieved by storage or by the
raglization of a contemporary endowment. Further, any effort to use storage as a
communication device would necessarily =affect Intertemporal ailecations and thus
might well introduce distortions, moving the system away from & private information
optimum with less restricted communication. Thus one might want to make |Imited

use of a limited davice.

Te formallze this intultion, then, suppose we allow the possibility of
commodity stoarage in discrats units and consider as a basls for future comparisans
how programming problem 2 would be aitersd on the assumption that there is no
difficuity In communicating past historiss. Given an endowment announcement E1
and conditional on a first-round transter T, under Iottsry' n-:' {&1]' and conditional on

3 second-round subsidy s under lottery 351 {#,. .} we might envision a third-round

i

lottery speeifying 2 storage decision E1, say a lottery wi{ﬂi. T 51:‘ assuming, for

1f
simpiicity, that such decisions are claarly ocbsarved at the time they are taken.

Similarly, the second-pericd lotteries should be indexsd by first-period

as well as by thes

anroucemeants 31. transfers =, 5., and storage deegizlons i1

1
natural second-period state variabls 32 * i!, as tha [atter determines the individual's

decislons or announcements. Thus we are in search of lotteries :r; I P L T g

. ] ' .
S 't}' and ", EE1, '92 tle T8, i, rz} much as befora,

1 [
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Mow consider how we might alter programming Problem 3 when there is fmlted
communication across locatiens or time perlods so thar there may be some role for

commodity tokens. Here then first peried announcements 81 tranzfers T and 5,

and storage decision i, would not be known automatically at date 2. With no

1

imrinsically useless tokens, '92 + E1 is the only nztural unobserved state variable

since ggain this algne determinas tndividuat actions or zannouncements at the

]

beginning of date 2. Thus we are in search, sscond-period lotteries rr; , « i) a3
. . , ¥ 5 i

{.32 + ra} as well ag firgt-period lotteries 7 h‘.i'1}l, " {31. ri}. " I[SI. LA N

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

with the period tweo informatlon sbout HE. Two extreme cases halp mske the polnt
Suppose on the one hand the endowment 32 were in fact so.ma constant,  Than
sterage decisions, In varyving with &1, could help to distinguish statas 191. On the
athar hand, if iT were a constant, then states 6‘2 might be partiaily d_i_stinguished. 4y
genaral, then, with Hz randern and 4'1 noncanstant 'ﬁ.re wouid have onflw_.r limmited ability
to distinguish first- and second-period andowment realizations. Further, the storage
decision i, almost suraly. varies as between madifiad probiem 2 and modified
problem 3 apd in that sense the use of commodity tokens would involve

ntertemporal distortions which might well limit their use.

10. A ROLE FOR MULTIPLE PORTABLE OBJECTS

Now consider an incresse in the level of communication permitted by the
technology of the sconomy and suppose that there are intrinsically useisss tokens of
different colors, that these can be distinguished by the agents, and that thers is ho
counterfeiting, ft s wvirtvally immediate that communication possibilities are
somewhat improved. For consider how Prablem 3 would bs aitered by the existence
of two tokens, say mreen and red., In this case, thers would ba two beginning-of-
second-period, privately ohbserved, token-balance state variables as well as beginning-
of-second-pericd, privately observed, endowment state variables. Thus the tax-
subsidy lotteries on the consumpticn goocd and the tax-subsidy lotteries on the two

tokens couid be indexed to announcements of these state variables.. [ndeed, suppose
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the endowment &1 can take on two values each perigd. That is, & = [#.8"}. Then
if zgent a announces E1 = & in period 1, let him pay a tax in red tokar‘f ‘Simiarly,
if agent a announces Ei'1 = 8% in period 1, let him pay a tax |n green taken, These
two outcomes yield what we may term a high green, low rad beginning-ef-period
tokan state, and a low gresn, high red beginning-of-second-pariod token state,
respectively. Now at the beginning of the second period, et agent a announce one
of thase two token states. |f he announces high green, low red, let him pay a tax in
gresan tc:-kens' excaading the wvalue of grean token balances in the low green, high rad
state. and conversely {f he announces the low green, high red state, Clearly, the
snniouncemant of high green, low red is not feasible if agent z announced 31 = #" In
peried 1, and 'cnnversaiy for the announcement low green, high red with &1 = 8 In
this way, histories of past announcements are in effact public information M the
second period, ond we have a virtwallty compiete intertemporal communicstion
aystem. Maore ganerally, 2 sufficient condition which achleves this result with the 2-
parson example aconomy is that there be as many differant colored tokens as theras
are values of '5'1 in the first period {with more periods, we would nead more colored

tokens, to distingulsh longer histories).

1. AN INTERPRETATION OF PORTABLE OBJECT SYSTEMS

*

On the face of i, the use of portable objects as communication devices or
“signais” would seem to be commonplacs. For exarmple, an agent presents himself
to a putentig! client with a fine suit of clothes or a2n expensive automobite, as if
revealing past successful actions or desirable sttributes. But of course the ciient
might suspect some "swindle”, and, more generally, partable objects have forca as
‘signals or records of specific histories only te the extent that they cannot be {gasily}
acquired in other ways. This regquires that a group of agemis which is to use a
portabie object as a communication device be able to implement strict controls over
the production of ths device and over the transfer of it from one person to anotier.
Qf course such control js sssumed in the theory of this paper. In practice, and in a

more elaborate theory, such control is not so easily obtained or explained.
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The theory of thizs paper does sugges:jthougtj} that we might expect to see the
use of portable object commeadity systermns in more or less close-knit societies with
prominent aspects of spatiai separation and otherwise limited communication. In this

regard ong is tampted to cite anthropcfogi_ﬁhan apparent multiple token systems in

use it so-caited primitive societies.

Ona such study was done |n 1924 by WE. Armstrong on HRossel Isiand, 2
virtualty seff-sufficient economy in the Southwest PFacific {see Saric (19540,
According to Armstrong, hatives of the |siand were zccustomed to use up (0 two
types of shelis and up to 38 subcatsgories of shelis in various "exchanga”
transactions, Exchanges took place with great ceremony in s variety of different
contexis, and each exchange was viewed as distinctive, requiring a prespesifisd
transfer of a specific subcategory of shell. Further, shells were not interchangeabie
or substitutabie in these transactions, or efsswhere; they were not muitiples of one
another. The gathering and manufacture of some of these shells were again highiy
ceremoniel and closely guarded, while other sheils were essentially flxed in supply,

regarded as being mads by a chief delty befors man's arrival,

A more celebrated, dramatic, aibeit comtroversizl anthropologieal study of this
sort was done by Bronisiaw Ma!ino:;kl from T914-1820 an the Kula gxchange systam,
in use in Eastern New Guinea and » “ring” of adjacent isisnds. The natives in each
of these islands would periodically embark on great cance trading expeditions,
travaling essentially to the north or te the south. Upon srrival at an istand to its
north, the expedition would give up some of its commodity cargo zs “gifts” and
recefve as "gifts” arm bracelots made of white shell. Alternatively, upon arrival at
an istand to its seuth, commodity “gifts” were reciprocated with torng necklaces
made of red shells. In fact, every person in ths Kuia system stood in some
prespecified dire:tiﬂnieither nrorth or south, to each of his Kufa trading partners, both
across islands, for these trading expeditions, and within lslands, for maora continuous

“exchange”. Thus, white armbands circulated counterclockwise throughout the ring of
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islands, and red necklaces circulated clockwiss. Again, all these "axchangaes” took
place with great ceremany., The sheils were distinctive, each with its own history.
And the.supp}iy of shells generally was closely guarded. Apparently, than. natives in
these islands were using shells to keap track of two characteristics—-the direction of
trade and the magntruda' of trade. That ls, an individual in possession of whita
shells could reveal that he had at one time been a nat exporter of commoditiss to

the north,

Continuing this line of reasoning, one is tempted to interprat the fiat currency
systems of modern industrial economies as further instances of the uss of aCconomy -
wide communication systems in the sanse of the theory of thiz paper. lnder this
interpratation one occasionally finds multipie token systems, &.g. the use of foeod
gougens as weil as standard curreney in wartime Engiand, But 1fﬂr the most part
standard currency systems would be viewed as single token systams, Of course one
should resist this interpreration to the extent that one is uneasy with a contract-
theoretic spproach to explaining the institutions of large industrial econcmies. |In
particular this paper fails to include limited commitment as a key part of the theary,
and yet limlted commitment must explain the garly use in Eturope, for axampls, of
bona fide commodity currencias, e.g., golgd 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 2 store vaiue as in the

spatial modeis of Townsend {1380}

12. WRITTEN MESSAGE SYSTEMS

Now go ong step further in the communication technology hierarchy, supposing
the existence of written messagas. That is, suppose adents can garry with them
written masgages on paper describing their past announcements and transfers at
particuiar dares and places, suppose these written massages must be dispjayed st
future dates and possibly distinct locations in order to effect an allocation of

resources, and suppose that this system is not subjact 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 problem 3. !magina as usual that agents a, @, b, and b
have formed & trading partnership. Now suppose, for example, that agent a were to
want to borrow from agent b in the first pericd, say becauss '91 were low. Suppose
this transaction were recorded on paper and suppose that agent a were reguired to
show the paper to agent b’ on the latter’s arrival in the second period. This weuid
antitle him directly to the family of lotteries indexed by &‘. More generaify, then,
agent 3 would have on hand a piece of paper noting his first-period announcement of
E! and the subsequent transaction, the taxes and subsidies, T and 5 respectively,
Thege would then be public information, and there would be no issue of understatitg
“past histories,”  Thus, the trade-inhibiting effect of the incentive compatibility
constraints in problem 3 would be weakened, aliowing in gasneral 2 Parsto superior
solution.  Indeed, hers, with the symmaetry cunditionf for agents a znd a’, and for b,
and b’ and neutrality for b and b", one generates probiem 2 as is agents 3 and b
remained palred with one another without ineurring any resource cost K. Generalfy
then. apart from special cases, communicatlon systems with reliable written
messagas Pareto domlnate communication systems with portsbie concealable token

abjacts.

13 AN_INTERPRETATION OF WRITTEN MESSAGE SYSTEMS

Written message systems are c¢ommonplace, used in both “smail* and "large"”
groups of agents as welfl as in historicat and contemporary structuras. Typical
examples include the wse of checks in which' a banker |s informed of a transaction
outside the bank, an intended transfer of an account executed at a specified date and
distinct. outside lecation.  Related is the use in firms of nonnegotiable bills of
exchange, ln Wesrern Euroq-::e in the 15th century, for exampie, as described by Usher
(1843} and DeRoover {1948. Typically, a businessman in Bruges. for example, would
accept lor borrow! currency from an “outside” agent and then send a written
message to his partner in an ltalian clty to pay the “outside” agent or the latter's

partner there. Thiz use of a written message over relatively lang distances is
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virtuaily indistinct from =z 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 carrled to a package pickup center for actual distribution. Also similar s a
relativeiy local transaction In which a depositar of giain in ;b‘;Chi:ago efevator is
givan a written receipt as evidence of the deposit, a receipt which could be passed
In the 18th century, st least. to third parties, In a similar way bills of exchange
eventually circulated in Europe to third, fourth, end nth parties, as did paper

securities as well as bank notas.

Of course the theory of this paper does not purport to expiain why some
.written message systems ara viable and others not or tha extent of circulation of
writtan messages once they are in place. Again, it ssems we should incorporate the
pessibility of defsuit and some aspect aof enduring relationships. And certalnly "with
limited commitment, securities become valusd as conveyors of purchasing power, a
role distinct from their role In this paper, where they are simply messages of past

EVeiME necessary Lo support a beneficial, multiiataral arrangement.

14. TELECOMMUNICATIONS -~ TOWARD A CENTRALIZED, ARROW-DEBREL WORLD

We come at last to the possibliity of telecommunications - communicationg
which de not have to be transported with paopia. The advantags of
telecommunications, of course, is that transportation of peopie is generally costly or
at least costly relative to telegraph and telephene systems. Thus telecommunications
reduce communication costs, and allow in turn .a more afficient alocation of

FresoUreas,

An example economy, though at maost suguestive, seems 1o jllustrate thess
peints.  Thuz imagine an sconomy consisting of one date {other than a planning

pericd). five passible trading locations, and five agents, s depicted in Figura 2.
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a I c d -]

x * X X X

1 2 3 4 5
FIGUERE 2

Here agent & is residing Initially at location 1, agent b at lm:ﬁticn 2oecat i, dat 4
and e at 5. FEach of the agents a and e is subjected to a random Iprivately
observed! endowment of a vector of consumption goods, and so. with stricthy
cun::ave singie-period utiilty functions, there are gains te risk-sharing and to
intertermnporal trade. But how are agents to communicata endowment reallzations, or
at least make claims about realizations?  Without telecommunications, but with
written instruments fand constant transportation costs), one arrangement would he for
a to trave! to b and for e to travel to d, for a and & to make claims which are
recorded on paper, and then for b and d to travel te ¢ with these instruments.
Heversing these movements in space, it |3, in the end, as if averyone had been
together at the beginning of tha pericd. OFf course telecommunications also allow
this possibility, presumably with the use of [ess resources, Finaly, then, under either
system, agenis execute trades consistant with some ex ante planning period
agreement.  Of course this again reguires some transportation, or at least some
transport of goods. |t seems likely, though, that with reasanable specifications of
trensportation and transport costs, the efficient use of written instruments would not
have agents traversing much of the zame ground twice, that initially goods as well
as messages might be transported with peopie. In fact one wonders whether goods
would traverse much aof the same ground twica or whether aggents might not gerte
for less limited forms of risk+sharing. (Note that it cannot be known what is to be

trengferred until b end d meet with &), Thus it seems likely that the system would

“
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display simultansous transactions in financial instruments and commeodities and would

be {imited reiative to telecommunication systems.

ndeed, to see the rather radical transformations of financial structure and
gconoiiic  organization which telecommunicat|on systems might allow., suppose
telecommunications were costiess. Then we would have come to a world in which,
gpart from claimed sndowment reallzations, commaodities nesd only be indexed by
date and l|ocation. Briefly, in such a worid, agents would agree in the planning
perlod to a resource allocation rule spacifying transfers toc each agent at each
iacation and each date as a functlon of conmtemporary sndowment announcements of
gll agents in all locations and the sntire history of such announcemsnis. Thus, ail
agents, regardless of their travels, would be tied to a centraiized electronic record
keeping system. There would be no essential dynamics, and Tinancial instruments or

financial markets as we have ¢omae to know them would cease to axist,
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