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PRESENTACIO DE LEONID HURWICZ

PER

XAVIER CALSAMIGLIA



Excel.lentissim i Magnific Senyor Rector,
Dignissimes Autoritats,

Estimats Col.legues,

Senyores 1 Senyors:

En els seus vint anys d'historia, aquesta és la primera vegada
que la Universitat Autdbnoma de Barcelona concedeix el titol de
Doctor Honoris Causa a un economista. Es un honor per a mi
presentar el professor Leonid Hurwicz com a mirall en qué es
reflecteixen totes aquelles virtuts i qualitats que voldriem que
presidissin sempre les activitats d'una Facultat d'Econdmiques jove i
emprenedora, que té com a objectius la formacié d'economistes i el
cultiu de la ciéncia.

Leonid Hurwicz neix a Moscou a l'estiu de 1917. La seva familia
es trasllada de seguida a Polonia, on creix i s'educa fins a obtenir el
titol de llicenciat en dret per la Universitat de Varsovia l'any 1938.
Passa dos anys a la London School of Economics i a I'Institut des
Hautes Etudes Internationales de Ginebra, fins que l'any 1940
emigra als Estats Units.

Arriba a la Universitat de Xicago poc després que la Cowles
Comission for Economic Research es traslladés a aquesta ciutat des
de Colorado Springs. S6n els anys en que el feixisme genera un flux
ininterromput de cientifics des d'Europa cap als Estats Units. No és
dificil d'imaginar l'efecte que l'ambient de la Cowles Comission
havia de tenir sobre el jove Hurwicz. La direcci6 de Jacob Marschak
-home dinamic, obert i amb un gran olfacte per detectar el talent-
déna a aquest centre de recerca un caire molt peculiar i una volada
que possiblement no es podra repetir mai més. Per donar-vos-en una
idea citaré uns quants noms dels joves investigadors que alli es
reuneixen: Arrow, Debreu, Haavelmo, Klein, Koopmans, Lange,
Marschak, Modigliani, Patinkin, Reiter, 1 Simon. Dels trenta-tres
investigadors incorporats a la Cowles Comission en aquella ¢poca,
sis han obtingut ja el Premi Nobel d'Economia. Els grans canvis que
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es produirien en la teoria econdmica als anys cinquanta i seixanta,
amb l'esclat de I'econometria i I'economia matematica, es covaven ja
als seus seminaris de treball.

Com ha dit Hildreth, la primera impressié que hom treia del
seminaris de la Cowles Comission era que tothom parlava a I'hora i
que hi havia fortes baralles per aconseguir un tros de pissarra.
Afortunadament, els diversos 1 marcats accents de tots els
participants i els guixos de colors diferents permetien que cadascu
anés seguint l'argument preferit. Aquell ambient mogut,
irrespectuosament creatiu i critic i al mateix temps disciplinat i
rigords, devia fer sentir Leo Hurwicz com a peix a l'aigua. Arrow
descriu aixi el Hurwicz d'aquells anys: “Leo ja era, de sempre,
fresser i ple d'idees, sovint massa ambicioses per ésser realitzades.
Moltes, perd, han estat formalitzades vint anys després. També era
un critic molt agut”. Klein comenta: “Hurwicz era en algun sentit ei
tavec del grup: que jo sapiga no tenia cap missié concreta i es ficava
en els problemes dels altres amb fiblades agudes i penetrants”.

L'any 1946 accepta una plaga de professor associat a I'Towa State
College i després d'una curta estada a la Universitat d'Illinois acaba
per anar a raure a Minnesota, on ha estat professor fins a I'actualitat.
S'ha mogut molt, aixd si, perque ha estat professor visitant, entre
d'altres, a les universitats de Stanford, Bangalore (India), Harvard,
Berkeley, Tokyo, Northwestern, a ['Institut Tecnolodgic de
California i a la Universitat Popular de Pequin (Xina Popular).

Féra molt llarg de fer referéncia a totes les seves contribucions
cientifiques, que han tingut un impacte decisiu a I'hora d'eixamplar
les fronteres del coneixement econdmic. Parlaré, pero, dels camps en
que la seva aportacio ha estat fonamental.



Integrabilitat de les funcions de demanda

La teoria econdmica sempre ha explicat la conducta dels individus
com a resultat d'una eleccid racional entre alternatives. Per elecci6
racional s'entén tota aquella decisié que es fa d'acord amb un
sistema de prioritats ben definit. Naturalment, aquesta elecci6 es fa
entre les alternatives factibles, i el factible en un moment determinat
depén de certs parametres com ara els preus i els nivells de renda. La
funcié de demanda descriu el comportament de I'individu en
expressar les quantitats de béns consumides en funcié de preus i
nivells de renda. En els llibres de text s'explica normalment com
s'obté la funcidé de demanda a partir d'unes preferéncies donades i
quines son les propietats que aquesta funcid ha de tenir pel fet
d'ésser la conseqiiéncia d'una elecci6 racional.

Per a un economista professional, aquesta no és la qiiestié més
interessant. La funcié de demanda és observable i es pot estimar a
partir de dades empiriques sobre nivells de preus, de renda i de
consum. Les preferéncies, les prioritats o la funcié d'utilitat que les
representen no sén observables. Per esbrinar-les, es podria fer una
enquesta. Pero I'economista sap que la resposta depén crucialment
de I'iis que I'entrevistat sospiti que se'n fara. Per aixo, és més adient
intentar d'inferir les prioritats, les preferéncies i les valoracions dels
agents a partir de la seva conducta observable. La pregunta concreta
¢s: sota quines condicions és possible de reconstruir les preferéncies
a partir de la conducta observada?

Aquesta €s una qiiestié que ja va ésser estudiada per Antonelli,
Pareto 1 Volterra al tombant de segle. Samuelson va tomar a tractar el
tema l'any 1950. Hurwicz i Richter hi van fer contribucions
decisives els anys setanta.



Programacié matematica

Tant els problemes de comportament individual com les possibles
definicions d'eficiéncia i d'optimitat econdmica es plantegen com a
problemes de maximitzacié condicionada. No és estrany, doncs, que
els economistes hagin mostrat molt d'interés per la programacio
lineal i els teoremes de dualitat que fan apartixer els preus ombra
com a valoracions implicites en tot problema de maximitzacio.
Hurwicz comenca la seva llarga col.laboracié amb Arrow treballant
amb extensions del teorema de Kuhn-Tucker. També treballa en
I'extensié d'aquests teoremes a espais lineals de dimensi6 arbitraria.
Perd poc després s'interessa, de nou juntament amb Arrow, pels
aspectes dinamics del problema, en particular per algoritmes que,
com el métode de gradient, permeten el calcul de les solucions
mitjangant un procés d'aproximacions succesives.

Estabilitat de l'equilibri competitiu

L'equilibri competitiu €s una situacié en la qual les dccisions
independents de tots els agents econdmics enfrontats a uns preus
donats sén mituament consistents i no hi ha, per tant, cap forca que
alteri el sistema. S'ha argumentat, perd, que només els equilibris
estables tenen interes, perqué sén els Unics que poden ésser
observats. Com solia dir Hurwicz a classe, tedricament és possible
col.locar un basté de passeig, d'aquests que acaben en punta,
perfectament vertical de manera que es mantingui en aquesta posicid,
perd, algid ha vist mai un d'aquests bastons aguantar-se dret tot sol?

Arrow i Hurwicz partien dels treballs previs de Hicks i
Samuelson. El treball de Hicks utilitzava les propietats de l'equilibri
competitiu (com, per exemple, la llei de Walras), pero el concepte
d'estabilitat que emprava no era formulat en un context dinamic, que
¢s 'apropiat. Samuelson, per altra banda, va entendre ['estabilitat
com un problema explicitament dinamic, perd no va explotar les
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propietats especifiques de l'equilibri competitiu. Arrow i Hurwicz
van omplir el forat tot analitzant en un context dinamic I'estabilitat
del sistema (per contraposicio a l'estabilitat d'un equilibri concret) i
van introduir 1'ds de les funcions de Lyapunov, cosa que els va
permetre d'estudiar 'estabilitat global, és a dir, la resposta del
sistema quan les pertorbacions no sén necessariament petites.

Mecanismes descentralitzats d'assignacié de recursos:
informaci6é i computacio

Aquesta €s probablement una d'aquelles “idees massa ambicioses
per ésser realitzades” que Hurwicz va acabar per realitzar. Tot
arrenca de la vella polemica encetada els anys 30 sobre la possibilitat
del socialisme per autors com von Mises, Hayek, Lange i Lerner.
Von Mises sostenia que el mecanisme de mercat permetia de
transmetre la informacié i d'efectuar els calculs per coordinar les
decisions de tots els agents econdmics. Sense mercats ni propietat
privada no hi hauria manera d'efectuar aquestes funcions. Lange va
respondre amb un famés article argumentant que la utilitzacié de
preus no comportava necessariament l'existéncia de mercats. En el
fons, la qilesti6 radica en la possibilitat de construcci6 i de disseny
de mecanismes de coordinacié entre agents independents diferents
del mecanisme dels mercats competitius.

A la darreria de la década dels cinquanta, Arrow i Hurwicz
reconsideren el problema tot partint del fet que I'assignacié eficient
dels recursos en una economia descentralitzada requereix la solucié
d'un problema d'optimitzacid. Visualitzen els mercats com a
mecanismes de transmissidé d'informacié i de computacié. Es
pregunten si existeixen mecanismes alternatius. En un conegut
treball conjunt, formalitzen el mecanisme de Lange i Lerner tot
aplicant els processos de gradient. En aquest treball es porten molt
més enlla les qiiestions plantejades en els articles de programacio i
d'estabilitat i obren un panorama nou per a la teoria econdmica.
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Aquest article €s el punt de partida de tota un linia de recerca que
tracta dels mecanismes de planificacié econdmica.

EI 1960 apareix I'important article sobre I'optimalitat i I'eficiéncia
informacional dels processos d'assignacié de recursos. Es
construeix un marc analitic en el qual es formalitzen els conceptes de
mecanisme i de descentralitzacié. Aixd déna lloc a tota una série
d'articles en els quals el problema és la determinaci6 de les quantitats
minimes d'informacié que és imprescindible de transmetre per
garantir una coordinacié apropiada de les decisions dels agents
econdomics. S'ha donat una atencié especial al disseny de
mecanismes que funcionin correctament en entorns econdmics en els
quals el mercat falla, tenint en compte explicitament les restriccions
sobre les capacitats de transmetre i de processar informacio.

Mecanismes descentralitzats d'assignacio
de recursos: incentius

Els treballs que acabem de descriure donen a la informacié un
estatut epistemologic potser tan important com el de la divisi6 del
treball. El problema econdmic no és només un problema de
programacid matematica, perque hi ha molts agents que decideixen la
coordinacié de les seves accions per mitja de processos de
comunicacié i que possiblement persegueixen objectius diferents. El
1972 1 el 1973, Hurwicz publica dos articles en els quals hi afegeix
un important element addicional: el comportament estratégic dels
agents. Els agents poden ésser conscients dels efectes que els seus
missatges tenen sobre les solucions del mecanisme i, per tant,
escolliran els missatges en funcié dels seus interessos. Es diu que
un mecanisme €s compatible amb els incentius individuals, si és
present en l'interés de cada individu enviar els missatges i prendre
les accions que més afavoreixin l'interés col.lectiu. La idea intuitiva
que als individus els podria convenir d'adoptar conductes diferents a
les aconsellades per una assignaci6 optima dels recursos havia sorgit
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en un article de Samuelson sobre la determinacié de 1'dptim en
preséncia de béns piblics. En aquest article, Hurwicz va fer veure
que en una economia informacionalment descentralitzada, tot
mecanisme defineix un joc no cooperatiu en el qual la informacié que
s'ha de donar és la principal variable estratégica. Va arribar de
manera sorprenent a un teorema d'impossibilitat per dissenyar
mecanismes compatibles amb els incentius individuals fins i tot en el
cas que tots els béns de l'economia fossin béns privats. A partir
d'aquesta contribucié va aparéixer un enorme cos de literatura
economica en qué la qiiesti6 dels incentius ocuparia un lloc cabdal.
Amb tot aixd, la teoria dels jocs no cooperatius va experimentar una
gran revifalla.

El professor Hurwicz ha fet contribucions importants a la teoria
economica, no només tancant capitols, en donar solucions
definitives a problemes, siné també obrint nous camins que han fet
canviar radicalment la visié de l'economista. Us he parlat, doncs, de
Hurwicz, el cientific.

Voldria parlar-vos també de Hurwicz, el mestre. Hem estat uns
quants els que vam fer la tesi doctoral sota la seva direccié i molts els
que es definirien com a deixebles seus. Qué hem aprés? A més de la
pura transmissié d'uns coneixements, ha sabut difondre una actitud
metodologica sobre com “fer economia”.

Hi ha tres aspectes fonamentals d'aquesta actitud. En primer lloc,
la seva proverbial intolerancia per les ambigiiitats, pels conceptes
mal definits i per la notacié inapropiada. En segon lloc, la convicci6
de la poténcia de les matematiques com a llenguatge i instrument, no
només per a la destruccié sistematica de pseudo-evidéncies, siné
també com a eina cabdal per a la definicié d'estructures conceptuals
noves que permetin una nova visié dels problemes economics. En
tercer lloc, la consciéncia ben clara de les limitacions de la ciéncia en
el seu estat actual. Parlava a classe que els resultats dels nostres
models tenen la mateixa validesa que els experiments realitzats sobre
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una raca de ratolins de laboratori, incapagos de sobreviure al mén
exterior. Ha demostrat diversos teoremes d'impossibilitat que
estableixen les limitacions de la propia disciplina. Perd la seva
actitud ha estat sempre optimista i constructiva, potser perqué els
anys quaranta, només arribar als Estats Units, va haver de treballar
com a meteoroleg fent prediccions i es va adonar que també a les
ciencies naturals hi ha moltes dificultats de predicci6. Els qui hem
estat deixebles seus considerarem sempre el model formalitzat com
una eina esmolada i penetrant. Perd també sabem que els ganivets
esmolats no s'han de deixar en mans de nens o d'insensats.

Parlaré finalment de Hurwicz, el savi. En contemplar la seva
produccié cientifica resulta sorprenent de constatar que els seus
articles importants es publiquen quan ja ha fet els quaranta anys i
segueixen a un ritme molt viu fins a l'actualitat. Tota la seva
produccié té un fil conductor sistematic, i per sota de l'aparent
diversitat i especialitzaci6 dels temes hi ha un disseny grandids que
ha modificat la visio dels economistes. Tradicionalment, I'economia
com a ciéncia s'havia limitat a l'estudi d'un mecanisme concret
d'assignaci6 de recursos: el mecanisme del mercat. Amb Arrow 1
Hurwicz s'arriba a una nova etapa en la qual alld que era una dada
del problema passa a ser una variable: el mecanisme d'eleccié social
o d'assignacié descentralitzada de recursos, els processos de
coordinacié i compatibilitzacié de les decisions d'agents
independents i les mateixes institucions socials passen a ser objectes
d'eleccio. S'obren aixi nous camins i totes les institucions i
organitzacions econdmiques, des de les empreses fins als contractes
de tot tipus, soén objecte d'analisi com a mecanismes d'interaccio
diferents del mercat perfectament competitiu. Aquests nous camins
porten a indrets d'alta muntanya amb perspectives molt més amplies.
La teoria econdmica ha esdevingut, en mans de Hurwicz, un
instrument de reforma social.

Es per tot aixd, Excel.lentissim i Magnific Senyor Rector, com a
reconeixement de la tasca realitzada per Leonid Hurwicz, el cientific
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eficag i creatiu, el mestre que ens ha ensenyat economia i a fer
economia, el savi que ha tingut com a fita el coneixement dels
processos basics de I'entramat social, el reformador social que ha fet
del canvi institucional I'objecte mateix de la seva recerca, que us
demano que l'investiu Doctor Honoris Causa de la nostra
Universitat Autdbnoma de Barcelona.
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ON MODELING INSTITUTIONS

BY

LEONID HURWICZ



Introduction

In contrast to the 1930's when there seemed to be a gulf between
economic theory and a recognition of the role of institutions in
economic phenomena, much of the recent literature represents an
effort to synthezise the two.

At least two streams of thought are involved. One of these has
been focused either on specific institutions such as forms of land
tenure (renting, sharecropping, wage labor), capitalism, socialism,
or on problems such as vertical integration where institutional factors
(e.g., property rights) play a crucial role. The contributions of
Williamson, Stiglitz, Grossman, Hart, Holmstrom, Eliason, Kornai
and others are among the outstanding examples, illustrating the
diversity of issues studied. The other approach has aimed at
developing a framework of sufficient generality to accommodate a
wide spectrum of institutional arrangements and so to facilitate
comparative as well as normative analytical work. The 1967 paper
by Shapley and Shubik on ownership and the production function as
well much of the theory of economic mechanisms may qualify in this
category. A major contribution in this area is Schotter's study of
social institutions.

The present paper must be classified as a further effort in
developing a general framework but one having enough structure to
provide a bridge to contributions of the first category. (A bridge
between two streams is, of course, a metaphor of doubtful merit.) In
particular, my aim is to suggest possible approaches to the modeling
of institutions in a manner that is closely related to the theory of
mechanisms. As the title indicates, my concern is with the
appropriate structure of models to be used in the study of
institutions, and the paper contains no new results. Furthermore,
although I am primarily interested in economic institutions and
mechanisms some of the considerations are of a more general nature
and may be relevant outside of economics.

My basic objective, in a language that can be viewed as either
figurative or mathematical, but which in any case oversimplifies
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matters, is to define a 'space' whose various ‘points' (or subsets) are
distinct institutions. If one thinks of this space as characterized by
many dimensions (‘axes"), an institution is defined by specifying the
values of various 'coordinates'. Of course, these coordinates may
well involve nonquantitative attributes; indeed, that may be the
typical situation.

The term 'institution’ has two rather different meanings; (a) a set
of rules or arrangements such as property rights, and (b) an entity
such as an organization or office. Although some of the literature
uses definitions broad enough to cover both, I prefer to maintain the
distinction and to reserve the term 'institution' (sometimes
'institutional arrangement’) for sense (a). Not surprisingly,
however, we shall see that entities corresponding to sense (b) of the
term play a very important role in the description of institutional
arrangements.

Another distinction may be noted. One may be interested in
institutions in the spirit of either positive or normative science. The
positive science approach deals with explanations of the effects of
institutions on various economic (and other social) phenomena and
also with processes that result in the (endogenous) formation of
institutions. But unless one were to deny the possibility of
conscious acts and decisions that result in institutional change, there
is also room for a normative or design point of view. Either of the
two approaches can benefit from the availability of a rigorous
framework in which to analyze institutional change, whether
endogenous or designed.

No uniqueness or originality is claimed for the framework to be
proposed in this paper. At best, I regard it only as a first step. It is
not difficult to think of alternatives that have at least equal merit. For
me, however, a natural point of departure is the theory of
mechanisms In fact, to indicate the direction in which I am going, I
shall regard an institution as a class of mechanisms! (with particular
characteristics) —but with mechanisms conceived somewhat more
broadly and endowed with more structure than has been customary.
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In view of what has just been said, it is natural to start by
devoting some attention to the concept and certain structural aspects
of mechanisms. An this, in turn, may be introduced by the historical
background. One source of interest in mechanisms is the standard
‘neoclassical' microeconomics with its emphasis on market
processes, especially those in perfectly competitive markets. The
perfectly competitive market becomes the archetype of a mechanism.
But since such a market cannot always exist (e.g. under increasing
returns) or may be inefficient (e.g., in the presence of externalities),
efficient alternatives are considered —for instance, marginal cost
pricing with subsidies when increasing returns prevail, Pigovian
taxes and subsidies for externalities, Lindahl solutions for public
goods, etc. The search for such alternatives is motivated, in part at
least, by the analysis of the mechanisms more likely to be
encountered in such situations —monopoly, oligopoly, regulation,
or a command economy—, with their various undesirable
characteristics.

Mechanisms

Particular mechanisms have, of course, a long history of
formalization —a century and a half for oligopoly. But the
formulation of a general theory of a mechanisms, of which the above
examples could be regarded as special cases, is more recent.

Two Models. There are in fact two notions of a mechanism,
interrelated but distinct. One of these, the message model
(‘adjustement process'), views a mechanism as exchange of
information over time, followed (at terminal time of after aquilibrium
has been established) by the outcome specified by a rule called
‘outcome fuction'); the other, the game model, as a '‘game form',
that is a specification of actions available to the economic agents
(called strategy or action spaces) and a rule specifiyng the
consequences of actions (again called the outcome function). The
particular game models used may be cooperative or non-cooperative;
the latter lay be in normal or extensive form. Extensive form models
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do pay attention to informational aspects and hence have points of
contact with the message models.

Message Model (Adjustement Process). The message model
specifies the 31gnals ('languages' or individual 'message spaces’,
with the i-th agent's language denoted by M’y that can be emitted by
the agents as well as rules (called 'response functions’) which
specify the signals to be emitted by an agent given messages
previously received and the information concerning both own and
the others' characteristics. [An agent's characteristic, denoted e/,
specifies such data as the agent's preferences, endowment, and
production possibilities. If the number of agents is n, the n-tuple of
characteristics is called the environnement and is denoted by e. So e
=(el,-+-, e").] An adjustment process is called 'privacy preserving'
if an agent's response cannot directly utilize any information
concemmg the other agents' characteristics. Formally, with the i-th
agent's response function denoted by fi, the subscript representing
points in time and the superscript referring to the agent, a privacy
preserving process is governed by equations of the form

mi,=fim}, = mpe) i=1,mt=12,-

while in general (when the process is not privacy preserving) the
right hand side could contain any of the components of the
environment, hence any &/ with j #i. Privacy preserving property of
the response functions is intended to express part of the notion of
informational decentralization of the adjustment process. In
particular, perfectly competitive market can be modeled as having
privacy preserving response fuctions.

An adjustment process is completely specified by the choice of
the individual languages, response functions, and the outcome
functions, written as (M7, --- , M"; 11, -+, f™h) where h denotes the
outcome function. The response functions may be imposed from
outside or may have behavioral inperpretations, but the message
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model does not analyze their origin —it takes them as
given.Furthermore, once initial message values have been chosen,
the adjustment process completely determines the final outcome. (A
variant of this model uses multi-valued outcome functions; in that
case there is an element of indeterminancy. )

Game Model. The situation is quite different in the game model.
Here the model prescribes only the individual strategy domains S¢
(counterparts of the individual languages in the message model) and
the outcome function. There is no exact counterpart of the response
functions. Instead, the behavior of agents is postulated to be based
on certain strategic calculations. If the game is non-cooperative, the
most widely used assumption is that of Nash equilibrium where
each agent maximizes his/her satisfaction given the others' strategy
choices. However, alternative behavioral postulates are also often
used such as 'refinements’ of Nash equilibrium (subgame perfect,
undominated, etc.) as well as non-Nash solutions such as maximin.
Thus the game model mechanism [i.c., the game form (§7, --- |
S k)] specified by the strategy domains $¢ and the outcome func-
tion £ is not sufficient to determine the outcome; one must also
specify the behavioral postulate implicit in the choice of the game
solution concept.

Behavioral Postulates [non-strategic]. In fact, the behavioral
postulates determining the choice of strategies by the agents need not
be confined to game theoretic solution concepts. One could, for
instance, postulate instead that this choice is determined by such
factors as tradition, law, moral precepts, etc. It is important,
therefore, to note that what we call the game model is of greater
generality than the term seems to imply.

Tdtonnement & non-tdtonnement. One feature that the usual
message models and extensive form game models have in common
is that there are essentially two phases: 1. exchange of messages,
resp. a sequence of moves, and 2. the realization of outcomes, resp.
payoffs, following the last message (or the equilibrium message),
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resp. the last move. This two phase structure corresponds to what in
economics is called the Walrasian tdtonnement. Whatever its merits
as an idealization of certain market phenomena, it is obviously too
narrow as a description of how markets work. Indeed there have
been constructed non-titonnement models of pure exchange in
which goods change hands at each bargaining step. For our
purposes, however, we shall need a structure encompassing both
polar cases, but also permitting mixtures.

Expanded Adjustment Process. While in the earlier adjustment
process with each time point ¢ is associated the n-tuple

my=(m}, - mp,

we shall now associate with each time point a triple (m;, a;, z;); here
at represents actions at time ¢ and z, represents the outcomes
materializing at time 7. A similar generalization will be introduced into
the extensive game, so that outcomes affecting preferences or
utilities materialize before the final moves. (This is particularly
appropriate, indeed seemingly unavoidable, in infinite horizon
extensive form games.?) We shall refer to the first two components
of the above triple simply as behavior at time ¢ and denote it by b,. (In
an extensive game messages and actions may be regarded as
components of moves).? A reason for the generalization is to
accommodate commitments (including contracts) and their
fulfillment. Thus undertaking a commitment may be modeled as a
message at time ¢', while its fulfillment may be an action at a later
time ¢”. If the commitment at time ¢’ is made by agent i, it will
constitute a part of the content of mi.. Hence, at a minimum, the
language M! will have to be rich enough to specify an appropriate
element of the action space as well as the timing of fulfillment. In
this context, identifying actions and messages (as is often done)
conceals the structure of commitment and fulfillment, matters of
particular interest in the study of institutions.
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A further enrichment of the structure is desirable in order that we
should be able to refer to commitments or actions by groups
(coalitions), i.e., various subsets of the set {1, ---, n} of all players,
as distinct form individual agents. Similary, commitments may be
made by groups. An action by group J taken at time ¢ will be denoted
by a (J,1). [Hence a (i,t), where we write i instead of {i}, is the same
asa/. Similary for messages and outcomes.] In addition to this role
of groups, we shall also allow for the creation of, and partici-
pation by, artificial persons such as states, firms, labor unions,
churches, etc.*

I shall defer until later the details that are necessary to represent
specific features of the phenomena of commitment and fulfillment
{or the consequences of non-fulfillment).

Institutions as Classes of Mechanisms

Recent literature has many examples of modeling economic
phenomena within the framework of standard ('un-enriched’)
versions of either of the two models —game or message exchange,
and with institutional factors taken into account. Why then sould
there be a need for a change in modeling? Basically because we want
to be able to treat institutions as variables and need to define a space
over which they can vary. Thus, for instance, the Arrow-Debreu
model of a perfectly competitive market does not provide us with a
natural way of considering other types of markets, and much less
other economic systems such as command economies. By contrast,
Stiglitz's paper on sharecropping defines a family of outcome
functions with the worker's reward r given by the formula r=ay+b
where y is the worker's product (e.g., income generated by the
worker) while @ and b are numerical parameters. Various institutional
arrangements can be defined by subsets of the two-dimensional
parameter space (a,b). Thus when @ = 1 and b < 0 the worker is a
renter; when a = 0 and b > 0, he/she is a wage-earner; ('pure")
sharecropping is defined by 0 < a < 1 and b = 0.°> While the Stiglitz
model treats many institutional aspects of the situation as constant, it
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provides a most helpful illustration of the notion of a space of
institutions.

In particular, we see that every point of the (a,b)-plane can be
viewed as representing a conceivable mechanism. (Thus a particular
sharecropping mechanism is defined by a pair such as (1/3,0) which
specifies that the worker's share is 1/3).% Since each of the
institutions under consideration is represented by a subset of the
plane, it becomes natural to consider an institution as a class of
mechanisms.” This idea is a point of departure for attempting a
working definition of what we here mean by an institution and also
for modeling institutions. Recalling that a (game model) mechanism
is defined (in normal form) by a list of strategies and the outcome
function, an institution is then specified by a set whose elements are
the (n+1)-tuples (S, -+, S%h).

Restrictions on Outcome Functions and Strategy Domains. The
land tenure example distinguished institutions by varying the class of
admissible outcome functions. Thus the institution of sharecropping
is defined by all outcome functions of the form

r=ay,

with a ranging between zero and one. Regulation (e.g., price
control) illustrates the institutions defined by restrictions on the
agents' strategy spaces rather than on the outcome functions. For
instance, let S' represent the price to be set by agent i (the seller). In
the absence of regulation S? is the whole real axis, since the seller
can sell at any price (positive, negative, or zero). On the other hand,
when (maximum) price controls are introduced, a specific price
ceiling prevails, say $8/item; hence the mechanism prescribes St as
the set of all real numbers not exceeding 8. But the price control
institution is defined by class of S¥'s each of which is an interval of
real numbers of the form (-eo, k] where k ranges over positive
numbers.
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Additional Requirements. While we view an institution as a class
of mechanisms, it is of course not the case that every class of
mechanisms is an institution. There are at least three additional
aspects that must be introduced; (A) enforcement, (B) prior human
actions, and (C) what I shall call 'universality'. [By "universality' I
here mean that the rules are meant to apply not just to a particular
person or group of persons at a particular point in time, but rather to
a category of situations and persons, thus applying to all persons
and situations qualifying in such categories, with the rules intended
to remain valid over an extended (often not limited in advance)
period of time. ]

Enforcement

Usual Implicit Assumption: Game Form Prevails. The issue of
enforcement raises analytical problems that can be only mentioned
here. Looking first at standard mechanism theory, it is implicit in the
usual interpretations that a given game form prevails. That means
that the players will not use strategies outside of the prescribed

domains §7 and that, once the strategies have been chosen, the
consequences will be those specified by the outcome function. Now
given the assumption that the prescribed game form will prevail, and
if one regards Nash equilibrium (possibily in 'refined' form) or
some other non-cooperative game solution as behaviorally realistic,
it is possible to regard the equilibrium configuration (n-tuple) of the
players’ strategies as self-enforcing.

The assumption that a particular game form prevails (i.e., is
abided by the players) may be plausible if the strategy domains are
only limited by physical (or similarly unavoidable) factors, and
where the outcome function represents laws of nature. But that is far
from being the case in game forms that have been designed to
implement certain social goals, as for instance in the mechanism for
allocation of public goods due to Groves and Ledyard, Hurwicz
[1979b,c], and Walker, or in the mechanisms for the implementation
of the Walrasian correspondence (i.e., the attainment of perfectly
competitive equilibrium allocations) proposed by Schmeidler,
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Maskin, Postlewaite and Wettstein, and others, including myself. In
such models we, for instance, limit the participants to proposing
prices and quantities or numerical messages, while (as in
Schemidler's mechanism) the actual flow of goods may involve a
specified form of rationing when proposed demand exceeds supply.
One must ask why the players would voluntarily abide by the
requirements of the game form or how they could be induced to do
s0. A similar question arises with regard to the Groves and Ledyard
mechanism, especially because it is no individually rational. (Le.,
unlike in a mechanism implementing the Lindahl correspondence, an
individual might be worse off at the end than he/she was before the
game.) Unless forced to, some individuals might prefer not to
participate, especially if they had enough information to anticipate
that they woult be the losers in equilibrium. But even when
individual rationality is satisfied, e.g., when the game form
implements the Lindahl correspondence, some players might prefer
not to abide by the rules of the game form.

Augmented vs. Primary Game. It is then natural to think of
introducing an element of enforcement into the situation. This can be
viewed as creating an augmented game consisting of the primary
game (say the game form defined by Groves and Ledyard) plus a
policing system specifying penalties for transgressions and
providing incentives to a set of additional® players (policemen,
judges, etc.) to prevent or punish transgressions.!? Of course, the
same questions that were raised with regard to the primary game can
also be raised with regard to the augmented game. It would be
fortunate (although very unlikely) if the (say Nash) equilibrium of
the augmented game were such that it succeeded in inducing the
primary game agents to obey its rules. Even then, the augmented
game would no longer be implementing the (‘original’) social choice
(goal) correspondence because the enforcement apparatus costs
resources. In practice one typically settles for a trade-off between the
degree ot imperfection in the enforcement of the primary games rules
(say of tax law) and the cost (or even feasibility) of enforcement.
One can also consider an augmentation of the augmented game (a
second-order augmented game) which would provide for the
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policing of the enforcers of the primary game, and so on. But the
problem would reappear at the next stage. Thus any proposal to
redesign ('reform") a social institution (say an economic system)
—which in our interpretation involves changing the class of
admissible game forms— raises questions of enforcement, its
feasibility, cost, as well as 'side-effects' involving various societal
values.!!

Enforcement in ‘Organically Emerging’ Intitutions. The apparent
need to introduce an enforcement system is by no means confined to
artificially designed mechanisms. In fact, the point is emphasized by
Schotter (p. 11) in his informal definition which characterizes a
social institution as "a regularity in social behavior that is agreed by
all members of society, specifies behavior in recurrent situations,
and is either self-policed or policed by some external authority". He
illustrates the need for an external enforcing authority (here the state)
by the system of property rights, a social institution. The importance
of the example lies in the fact that it is regarded as one of the
institutions "that emerge organically by human action but not by
human design..." (Schotter, p. 28). Indeed, both the emergence of a
system of property rights and of the enforcing state are viewed as
due to such an 'organic’ process.

Artificial (Juristic) Persons

One byproduct of the preceding discussion is the emergence of
the role of the state or other bodies whose function is to enforce or
police the rules. The phenomenon is of importance not only in the
context of the enforcement process but also because it introduces a
potential new participant in the social processes —an artificial
person, of which a 'juristic person' is a special case. Of course, this
concept is much broader than that of a state or enforcement agencies:
corporations and labor unions are among instances of particular
interest to the economist. Although there are obvious distinctions to
be drawn between natural and artificial persons, it is important to
recognized that the latter should for many purposes be regarded as
separate players. That is the case even for situations where there is
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an office (say that of the President of the United States) occupied by
a single (natural) person; indeed there may be a conflict between the
two. Actions taken in the name of the office (even though carried out
by the occupant) are distinct from those taken in the name of the
occupant as a natural person. As this example illustrates, one should
not identify the notion of an artificial person with that of an
organization, although usually an organization is an artificial person.

Mission and Agency. An important characteristic of such bodies
as enforcement entities or ombudsmen is that they have a role or
mission in the institutional design: to make the system implement (or
at least come closer to implementing) some social goals. It would be
convenient to have a special term for such entities, perhaps agencies.
[I am not sure how close this notion of an agency is to the second
meaning (listed as (b) in the introductory section above) of the term
'institution’, as applied for instance to an entity such as a university
(rather than to a phenomenon such as the system of property
rights).] When new institutional arrangements are introduced it is
usual that an agency is at the same time created to help implement!?
these arrangements. The role of the agency is often to specify the
‘parameters’ that would (in the terminology of this paper) convert an
institution (i.e., a class of game forms) into a mechanism (i.e., a
game form), as well as to help enforce the rules of the mechanism.
Examples, especially from the regulatory field, abound. Price
controls and anti-trust are among the obvious ones.

Once the role of artificial persons and agencies is recognized, the
internal structure of the game form must be sufficiently enriched to
accommodate the formation, activities, and even demise of these
entities. In particular, the message space must be rich enough to
accommodate a variety of individual and group commitments, with
or without built-in contingencies.

Formation through Prior (Human) Action or Behavior

A second essential feature in the concept of an institution as a
class of admissible mechanisms (game forms) is that it comes into
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existence through prior (usually collective) human action or
behavior. Since some moves or behaviors are physically or
physicologically ruled out, this means that not all restrictions on
admissibility of mechanisms are institutional in nature.
Descriptively, these prior actions may take the form of legislation or
the adoption of customs or ethical norms. Within the framework of
game theory there are various possibilities of formalizing the process
of institution formation.

Reiter/Hughes Two-Game Model. The route chosen by Reiter
and Hughes in modeling regulation was to postulate a sequence of
two games. The first one is a cooperative game representing the
political process (say congressional legislation) which formulates the
rules of the regulatory process. The second is -a non-cooperative
game of incomplete information (with economic agents and
regulators as players) in wich the specific regulations are arrived at.
An alternative might have been to combine the two games of the
Reiter and Hughes model into a single one, presumably a non-
cooperative game in extensive form, with the earlier moves
correspondig to their first game.!? Reiter and Hughes also consider
the dynamic aspects of regulatory phenomena taking into account the
effects of changes in the (economic) environment (e.g., capital
formation, technology), both exogenous and those due to the
regulation. Hence, except initially, both games are being replayed.

Supergame. This suggest modeling the process as a supergame,
of which institution formation and the actual regulatory process
operate at all points of time. A possible difficulty with the supergame
approach lies in the fact taht the cast of players changes over time, so
that there is imperfection of memory and some of the customary
threat/reward strategies are not applicable.

Sequences of Games. It therefore seems not without interest to
consider a compromise in which there is enough myopia so that the
dynamics is in the nature of a sequence of games, though possibily
with some memory from (say) one game to the next. Hence both
game and adjustment process elements are present. Certain elements
of such a model were described in Hurwicz [1987a] and will be
briefly sketched in what follows.
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We consider an infinite sequence of time intervals (perhaps in
some respects reminiscent of Hicksian weeks). During each week an
extensive form incomplete information game is played with a finite
number of moves, say t= 0,1,...,7. [A more complete notation
would use a pair, say (z, T) where T is the week and ¢ the move
number during that week.] There may be some memory from one
week to another which might, for instance, be used to affect a
player's conjectures about the other players' characteristics, but still
each period is viewed as a separate game.!* However, the dynamic
phenomena recognized by Reiter and Hughes would be present, and
—in priciple— the model could lend itself to a study of
convergence, trends, cyclicities, etc.

(Commirments.) A week is viewed as long enough so that any
commitments (including contracts) made during a week are (or at
least supposed to be) carried out during the same week. (Hence a
year or a decade might have been a better label for this time period!)
Let N = {1, --- , n} denote the set of players. [To simplify notation
we shall ignore the fact that artificial persons may be created during
the week, so that the set of players will in fact vary from move
within the week.] Denote by K any nonempty subset of N, i.e., a
group or a coalition. The behavior of the group K at ¢-th move is
denoted by b(K t); it has two components: the message m(K,f) and
the action a(K,t); the outcome (say resource allocation)!? for the
group K at the t-th move is z (K,f) These outcomes may generate
utilities at every move —not merely at the end. Hence this is not in
general a titonnement process, although titonnement is a legitimate
special case.

Enforceability. To make matters easier we initially avoid the
consideration of an augmented game (with an enforcement sector),
but in order to permit moderately realistic tratment of commitments
(again including contracts) we classify actions according to whether



they are enforceable. For each (move) ¢ we define the set A(r) of
mutually compatible actions, with

A ={a &, D,a (K" t, ) }

as the set of mutually compatible actions by the various groups. [In
the above notation we assume a complete listing of all the subsets of
N, with K’ the first elements of that list, K" the second, and so on.
The empty space after the colon would have to be filled with a
specification of the spaces over which these mutually compatible
actions can range.] We would then postulate set of actions L(K,f)
enforceable on K at move ¢ (within A()).

‘Bounded Rationality’ Modeling. In models delaing with the
institution of ownership complexity (or other aspects of 'bounded
rationality') is invoked to explained the incompleteness of contracts,
and 1t is desirable to model this explicity. A crude way of doing this
starts with a set C(¢) of contingencies that can be envisaged at 7. The
idea that there are limits on how much detail concerning
contingencies can be built into a contract is expressed by postulating
a partitioning I'(¢") of the set C(f). Two contingecies belonging to the
same set of this partition are considered formally (say for purposes
of legal proof) indistinguishable. (This may correspond to some of
the considerations in Williamson as well as in Grossman and Hart.)
Similary, we postulate a partitioning Z (K, f) of the set of
enforceable actions, with the interpretation that two actions
belonging to the same set of the partition are considered as formally
equivalent. These phenomena of indistinguishability or equivalence
may mean that one of the parties has a choice of interpretation as to
which contingency or enforcement action is appropriate. The
equivalences thus permit certain agents to acquire residual powers of
the sort that Grossman and Hart associate with ownership, but
which also characterize the discretionary powers of bureaucrats or
party organizations in countries such as P.R.C. or 5.U.



Commitment: Consistency Requirements. A commitment (in
particular a contract) is viewed as a part of a message consisting of a
'flag" (signaling formal commitment) and a functional relation
whose argument is a contingency and whose value is a set of
(presumably) feasible actions. A commitment (contract) entered into
by group K at move ¢ is a part of the message m(K.t). In principle,
this function should be constant on the (indistinguishable) elements
of the partition I'(+") where ¢' is the time at which the commitment is
to be carried out. Let this function be written as @k(c,t.t") where 7 is
the time the commitment is made, " when it is to be carried out and ¢
is a contingency. Let its value, i.e., the set of actions from which
fulfillment must be selected at time ¢’ by the group K be denoted by
D(K,t"). To be properly enforceable this set should be the
intersection of the feasible set A(K,t) with a set of the partition
S(K,t). However, in fact the function may not satisfy the preceding
consistency requirements, and so leave ambiguities to be either
resolved by legal procedures or by the residual power of certain
participants.

Residual Power. The specification of such residual powers is an
essential element distinguishing the institutional structures of various
societies. There is an interesting parallelism between the role played
in institutional structure by such power residuals and the role played
in institutional structures by the location of residual risks (as in the
land tenure example). In fact, these examples suggest a possible
further narrowing down of the definition of an institution to express
the qualitative differences that make one label two situations as being
to different institutional arrangement. It is as if institutions
corresponded to subspaces being defined by fixing the values of a
(typically finite) number of coordinates. (Hence even if the space of
mechanism were infinite-dimensional, an institution would
correspond to a subplace (more generally, subset) of finite
codimension.) The fixed values would typically be zeros or ones.

My Motivation. It should be clear that the sort of model

suggested in the preceding paragraphs would not displace the more
specific models present in the literature of which some examples
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have been cited above. The aim is rather to provide a framework in
which such models could be embedded, so as to facilitate
comparative or normative approaches. In particular a target is to
develop an implementation!® theory whose products (proposed
institutions or mechanisins) would be framed within the same
universe of discourse as, iand took into account the limitations that
are encountered in actual efforts toward institutional change currently
observed in many countries, both capitalist and communist, such as
measures toward deregulation, privatization, and the substitution of
markets for for bureaucratic procedures. In the normative sphere
such a development would presumably be of the 'second best'
type,!7 less satisfying but more realistic. It could also be helpful in
the realm of positive theory aimed at explaining current and past
observed phenomena.
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Notes

I An alternative approach is adopted by Schotter (1981, p. 29) who views
social institutions ..."not [as] part of the rules but part of the solutions to
iterated games of strategy." Let us note, however, that the concept proposed in
the present paper views an institution not as a set of rules of a game to be
played but rather as a set of restriction on what rules are admissible. The latter
distinction could perhaps be avoided (by redefining the nature of the game to
be played), but at the cost of losing some transparency in the phenomena
being studied.

21 am indebted to Ehud Kalai for enlightenment on this point.

3 A generalization of this type, with an element of ‘on line’ operations
was suggested by Thomas Marschak several years ago in paper presented at a
decentralization conference.

4 The distinction between actions by groups and by artificial persons may
seem unnecessary, but I regard is a useful when trying to relate on the one hand
to structures of game theory (especially cooperative games) and those of law
with its ways of treating certain entities as if they were persons. The role of
action by collective bodies was among the main points stressed by Commons.

5 To use an analogy, suppose we have a macro-economic model in which
the rate of interest r plays a role. One might use a particular value of the rate of
interest, say 7%, and analyze the workings of such a model. This would not be
ignoring the role of the rate of interest, but it would not enable us to analyze
the consequences of its changes. Moreover, if we just inserted .07 wherever
the rate appeared without indicating that it is a particular value of a variable r,
the user would have no way of knowing how to use such a model to consider
alternative values of the variable r. This may seem belaboring the obvious,
but the distinction between introducing into the model a particular institution
as a ‘constant’ on the one hand and treating it as a particular value of a variable
is crucial; the analogy may help make the point clearer,
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& Alternatively, when agents are free to choose such parameters as wage
rates by voluntary agreement, it is more natural to view the whole set of
points W = {(a, b):a =0, b > 0} as corresponding to the wage earning
mechanism. However, the full description of the arrangement would require the
specification of various legal or customary rules governing the nonmonetary
aspects of the wage contract, rules not subject to modification by the
contracting parties. One may think of such rules as points on a third
{nonnumerical) axis, the z-axis. Rules compatible with the notion of a wage
contract constitute a subset Z' on this axis. A particular wage mechanism is
defined by a pair (W, z*) where z* is a particular point belonging to Z'. The
institution of wage earning is then defined as the collection of all such pairs,
ie, by theset {(W,z2):zinZ'}.

[1 am indebted to Stanley Reiter for enlightening comments concerning
these issues.]

7 Another reason for thinking of an institution as a class of mechanisms
is that a mechanism typically refers to only some aspects of people's
activities (e.g., work and rewards) while other aspects (say leisure activities)
remain outside the mechanism model. '

8 The definition given by Schotter (p. 11), as well by Lewis (quoted in
Schotter, p. 9), refers to behavior ‘in recurrent situations’. It would seem that
universality with respect to persons affected is also a significant feature.

91t is not necessary to have additional players as enforcers. The primary
players may be motivated to play that role themselves. Honor codes are one
example; societies where citizens are encouraged to spy on and denounce one
another also illustrate the fact that the primary players can have a role in the
process of enforcement activity was completely carried out by the primary
players without any outside enforcers, the incentive structure required to induce
such behavior would ordinarily imply that the goal function of the primary
game would no longer be implemented.

10T have benefitted from a conversation with Andrew Postlewaite
concerning problems of modeling enforcement.

11 This does not mean that analysis ignoring enforcement problems is
without value. In particular, various impossibility theorems based on the
implicit assumption that the game forms can be costlessly enforced are likely
to be a fortiori valid when the enforcement issues are raised. Also, there may
be situations where there are obvious reasons to expect that the participants
will abide by the rules of the game form without any additional enforcement
apparatus. Finally, it may sometimes be adequate to recognize the cost
imposed by the need for enforcement without having to consider explicitly the
way in which the augmented game differs from the primary game.

12 This use of the term ‘implement” is closer to the usual meaning than
that introduced by Maskin.
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13 But: in a multi-period world, institutions last over many periods!
14 In particular, institutions persist from week to week.

15 Taking account of operating (hence transaction) costs.

16 In the usual (non-Masking) sense.

171n particular, because of operating costs.
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