Procedural cum Endstate Justice:

An Implementation Viewpoint *

Hervé Moulin

Department of Economics

Duke University

Box 90097

Durham NC 27708 moulin@econ.duke.edu

Revised March 1997

* This paper is based upon two presentations, at the conference ^Justice, Political Liberalism and Utilitarianism~ in honor of John Harsanyi and John Rawls, University of Caen, June 17˘19,

1996 and at the third meeting of the Society for Social Choice and Welfare, Maastricht, June

22˘25, 1996.

Overview of the Paper

In Section 1 we describe a generalmodelofmechanismfor the allocation ofresources that encompasses most ofthe recent interface between the socialchoice and implementation literatures.

We argue in Section 2 that this modelallows to explore the dichotomybetween endstate justice and proceduraljustice. Section 3 argues that no doctrine ofdistributive justice can rely exclusivelyon one form, endstate or procedural: this is a rendering ofthe familiar ^means matter as wellas ends~ in the context ofour formalmodel.

Section 4 presents the main argument ofthe paper, that the properties ofstrategyproofness and groupstrategyproofness provide a naturalbridge between the two approaches to distributive justice, bymaking themformallyindistinguishable.

In Section 5 we review the literature on strategyproofness in the last twenty-five years or so.

We uncover two chronologicalphases in the research effort: a first phase until1979 produced mostly^negative~ results byworking in verygeneralenvironments, whereas a second phase starting in 1980 offers more ^positive~ results bylooking at more structured microeconomic environments.

1. A General Model of Distributive Justice

Distributive justice concerns the processes bywhich materialresources are allocated among the members ofa given society(hereafter called the ^agents~). Two aspects ofthese processes have been at the forefront ofthe normative discussion ever since the Enlightenment: i ) with what rights are individualagents endowed, what influence can theyhave on the finalallocation, by

N

{ 1 , 2 , . . . , n } i , i

� N

8 R

3

what free, unconstrained actions; ii ) to what degree does the actualdistribution ofresources, the

outcome, or endstate, fulfillthe individualvalues and aspirations ofthe agents; what levelof

welfare does it allow themto reach?

The conceptualdichotomybetween rights and welfare has deep roots in politicalphilosophy:

a good example is Berlin´s richlynuanced distinction between negative freedom: the extent ofmy

rights, and positive freedom: the freedomofchoosing myown goals and aspirations, and my

abilityto fulfilthem; roughly, the choice ofmyown welfare ordering and myabilityto reach a

high levelofwelfare. See Berlin [1969]. In the last two or three decades a substantialresearch

effort in microeconomic theory, at the juncture ofthe socialchoice and the mechanismdesign

literatures, has developed a systematic formalanalysis ofthese two components ofdistributive

justice and oftheir interplayin a modelwhere the main exogenous ingredients are the distribution

ofindividualrights and the evaluation ofindividualwelfares.

We now describe the simplest version ofa generalmicroeconomic modelofdistributive

justice that willsuffice, despite its vagueness, to the subsequent discussion.

& the ^society~ is the set , with generic agent .

& the set

� ofactions i among which agent i freelychooses one element , and a mapping f from into

, specifying which endstate willresult for each profile ofindividualactions. 1

Concrete examples ofthe generalmodel are given below. It is important to stress the most heroic assumptions on which the modelrests. The three basic components, welfare , rights and the set ofendstates are three separate entities whose interaction is limited to two aspects. First, the welfare is predicated on actions and endstate ; that is, individualactions and the endstate determine the welfare level. Second, the endstate depends on the profile ofactions via the mapping f.

Conspicuouslyabsent in the modelare two important elements ofthe interaction ofrights and welfare. First, the fact that the nature and extent ofmyrights affect mywelfare: which game I play, and what role I have in it matters to me. Formallythe whole set M influences not just the i particular action I take. Second, I bear some responsibilityin shaping myown welfare as conveyed in the basic liberaltenet: I amfree to choose myvalues and goals. Therefore my actions influence the shape of , theyare more than one input in the measurement ofa given welfare relation . These two points are abundantlydiscussed bythe literature on distributive justice: the whole debate about ^primarygoods~ (Rawls [1971]) and capabilities (Sen [1985]) is motivated bythe latter point: agents who adapt their expectations to their lot enjoya higher welfare than those who do not, and this responsibilityshould be accounted for when we tryto

G

( R

1

, . . . R n ) z

select a fair endstate. See also the literature on responsibilitybyFleurbaey[1995] and Roemer

[1993]. On the first point, there is a substantialliterature on extending ordinarywelfare relations to opportunitysets, e.g., Pattanaik and Xu [1990].

Another simplifying assumption ofthe modelis the identification ofthe game form G with an allocation ofrights. Since Gärdenfors [1981], this is an approach endorsed bymanyauthors, e.g.,

Gaertner, Pattanaik, and Suzumura [1992]. A more traditionalapproach insists that a right confers on an individualthe abilityto fix some features ofthe finaloutcome (see, e.g., Sen [1970]:

that the two approaches are not identicalis discussed in particular byDeb, Pattanaik, and

Razzolini[1997].

2. Endstate Justice versus Procedural Justice

These shortcomings notwithstanding, the logicalseparation ofwelfare and rights has considerable advantages. In a generalmicroeconomic modellike the one just described, the separation ofends, the distribution ofwelfare and means, the set ofactions and the game form , is especiallyconvenient to describe formallyand analyze two familiar yet one-sided doctrines of socialjustice. One doctrine is exclusivelyconcerned with endstate justice, and the other exclusivelyconcerned with proceduraljustice. The former doctrine can be traced back to classical utilitarianism, and the latter to the libertarian tradition. Without attempting to elucidate the intellectualancestryofthe two concepts, we willdefine endstate and proceduraljustice in the context ofour generalmodel.

Endstate justice is a judgment on a profile ofindividualcharacteristics and a state ofthe world ; it tells us whether this particular endstate is equitable at this particular profile.

The test for calling an endstate equitable depends on the distribution ofindividualwelfare

G

G G

relations, or, more generally, ofanyrelevant individualcharacteristics with which the agent is passivelyendowed. For the usualreasons ofdispersion ofthe relevant (private) information between the individualagents and incentive compatibility, it willbe necessaryto use an appropriate game form to implement the equitycriterion that we select. ^We~ here refers to the benevolent dictator, or assemblyofcitizens in the originalposition who chooses and enforces

. However, neither the waythe agents willplaythe game , i.e., the particular actions they choose, nor the genuine equityofthe game formitself, whether or not it is a fair game to play, matter. The judgment ofjustice is entirelyex post, oblivious to the means bywhich the endstate was reached.

Note that endstate justice as defined here is a generalized version ofwelfarismin the sense that it uses criteria ofjustice that go beyond the mere comparison ofwelfare, or even primary goods, among agents. These criteria maygive a direct role to voluntarycharacteristics as in cost sharing: how to share totalcost given a profile ofindividualdemands. Theymaycompare shares across agents as in the no envytest or even check that the endstate responds correctlyto changes in the data ofthe problemas in solidarityproperties. See, e.g., Moulin and Thomson [1995]).

Procedural justice is a judgment on the game formitself, independent ofthe waythe game is subsequentlyplayed bythe agents, hence independent ofthe particular endstate reached. For proceduraljustice, the rules ofthe game, the procedure, embodythe entiretyofthe concerns for equity. No outcome (endstate) can be deemed unfair provided the rules ofthe game have been scrupulouslyobserved in the path leading to it, just like a fair lotterycannot produce an unfair outcome. The judgment ofjustice is entirelyex ante, and bears onlyon the means regardless of the ends.

Endstate justice and proceduraljustice as objects ofnormative analysis pursue similar goals bysimilar axiomatic means. Theyseek to select a solution to a given problemofresource allocation bymeans ofa suitable set ofaxioms (desirable properties). Ofcourse this solution is a distribution ofrights, a game form, in the case ofproceduraljustice, and a socialchoice function, associating to everyprofile ofcharacteristics a certain endstate deemed just, in the case of endstate justice. For a generaldiscussion ofthe axiomatic method, see Moulin and Thomson

[1995].

Yet despite the normative analogy, endstate justice and proceduraljustice are two clearly distinct endeavors, at least in the model, and the exclusive view ofsocialjustice that each ofthem idealizes is meaningful, both logically˙ formallycoherent˙and intuitively˙it matches the casual usage ofthe terms fair playand fair outcome.

3. The Untenability of One-sided Endstate or Procedural Justice

Insisting that means matter as wellas ends is commonplace: a clear formulation is, for instance, Sen [1992].

In a microeconomic modellike the one in Section 1, we can easilyfind examples where a fair procedure yields an unfair endstate, or a fair endstate results froman unfair procedure. Examples ofthe former include provision ofa public good byvoluntarysubscription, where often a single agent ends up bearing the entire cost ofthe good. See, e.g., Moulin [1995], Chapter 6. In the celebrated ^gloves market~ with 101 owners ofa right glove and 100 owners ofa left glove the unique core allocation gives allthe surplus to the left glove owners. Examples ofthe latter include the choice ofthe ^just~ candidate bya dictator, or ofan envy-free division ofthe cake by the Divide and Choose method˙ deemed unfair because it endows the Divider with a strategic advantage.

The above examples do not disturb the fanatic ofproceduraljustice (resp. ofendstate justice), because he is preciselymaking the point that arguments ofendstate (resp. procedural) justice should not be considered even when theyare begging for our ethicalattention. We will now invoke more powerfularguments against our two one-sided views, starting with procedural justice.

The strict interpretation ofproceduraljustice is not concerned with the strategic properties of the procedure. Whether or not the game has zero, many, or a single equilibriumoutcome does not matter. Even irrationalactions bythe agents are ofno concern, e.g., mynegative freedom includes the privilege ofbeing unpredictable. See Berlin [1969]. Yet this extremist position is refuted bythe normative concern for efficiency, Pareto optimality. Pareto optimalityis the only test ofcollective rationalityofthe endstate that is common to alldoctrines ofthe socialorder derived frommethodologicalindividualism. The argument is as follows: ifwe like our procedure, i.e., game form, to bring about an efficient endstate, then we must payattention to its strategic properties. In particular,

& a game formwith no equilibriumfor some specifications ofindividualcharacteristics does not allow for the rationalbehavior ofthe agents. Because the notion ofrationalbehavior is formalized bythe equilibriumconcept anything can happen, including inefficiencies. A typical example is majorityvoting when the majorityrelation has a cycle. Where we stop in the cycle maybe a matter ofpure luck or ofsuperior politicalskills bysome participants. However the cycles ofthe majorityrelation typicallyencompass large subsets ofinefficient outcomes so there is the veryrealpossibilityofan inefficient endstate. This point is emphatically demonstrated byMcKelvey[1976] in the spatialvoting context.

& a game formwith a large set ofequilibriumoutcomes, e.g., dividing a surplus bymeans ofthe

Nash demand game, (Nash [1950]) leads to severe coordination problems in selecting a particular equilibriumoutcome, thus is conducive to inefficiencies as well. The standard configuration is that ofa ^battle ofthe sexes,~ which results in the inefficient outcome if severalagents commit themselves to incompatible demands.

To meet the minimalnormative requirement ofefficiencyunder pure proceduraljustice, a necessarypropertyis that the game formyields a unique strategic equilibriumoutcome; moreover this outcome must pass the test ofPareto optimality. Here the equilibriumconcept, or scenario of rationality, must be chosen to fit the particular circumstances ofthe particular allocation problem at hand.

A good example where these requirements are met, is the exchange and distribution of private goods under the assumptions ofa competitive environment (to wit, manyagents with convex preferences and a ^small~ initialendowment relative to the market size): there the set of competitive equilibriumallocations, also interpretable as the core, is smalland efficient so the invisible hand ^works.~

On the other hand, manyprocedures commonlyused to allocate certain scarce resources, displayeither a unique but inefficient equilibriumendstate, or a large or emptyset ofsuch equilibria. Examples ofthe former include the exploitation ofcommon propertyresources byfree access, namely, the tragedyofthe commons, Hardin [1968]; and the provision ofpublic goods by voluntarysubscription the classic exposition ofwhich is byOlson [1965]. Examples ofthe latter include voting bya qualified majority: depending on the quota, the size ofthe qualified majority, the set ofequilibriumoutcomes in the sense ofthe core, oscillates between the emptyset ifits quota is low, and a large set ifit is high. See Nakamura [1979]. The underlying reason for these difficulties is the widespread role ofexternalities, which is miraculouslyabsent in the case of private exchange ofprivate goods.

The upshot ofthe strategic analysis ofgame forms is that pure proceduraljustice does not provide a natural systemofrights in manyimportant allocation problems. Ifprivate ownership is natural in the context ofexchanging private goods because the resulting game ofexchange has the desirable strategic feature, we do not have a natural systemofrights, a canonicalgame form, to offer as a solution to such important questions as:

& what quota should be required to amend the constitution? what voting rule should be followed in electing a president?

& how we should alter the rights of free access to exhaustible resources such as the sea or the wilderness to avoid the tragedyofthe commons. Ostrom[1991] comments at length on the idiosyncratic character ofobserved practicalanswers.

& how we should produce and trade under decreasing marginalcosts? how to regulate natural monopolies?

& in general, how should rights be allocated when externalities are widespread, e.g., in the matter ofprotecting the environment?

Therefore, the justification ofa particular game formin a particular problemmust use arguments based on the resulting endstates under a given equilibriumconcept and so the ends must matter, after all.

R i

R i

R i

8

8

We now turn to the objections to pure endstate justice. These objections hinge upon the resolution ofthe implementation problemalluded to in Section 2. Some ofthe individual characteristics included in the parameter are privatelyknown onlyto the concerned agent and perhaps to some ofher fellow citizens, hence the benevolent dictator or mechanismdesigner must use a game formto elicit these private characteristics, either directlybyasking fromeach agent that he or she simplyreports these variables, or indirectlybydesigning a game formofwhich the equilibriumoutcome coincides preciselywith its endstate objectives ofjustice. Thus the game formimplements the socialchoice function and achieves endstate justice. For classicalstatements ofthe implementation problem, the reader mayconsult Maskin [1985] or Myerson [1991].

Thereafter we assume, for simplicityand in line with most ofthe literature, that the parameter represents a preference ordering , an ordinaltype ofwelfare function, and that varies within a common domain , known to the mechanismdesigner, who however has no knowledge ofwhich element in represents the preferences ofanyspecific agent.

The benevolent dictator motivated bypure endstate justice has an opportunistic attitude toward the resolution ofthe implementation problem. She willuse whatever mechanismbest suits her goals ofachieving a just endstate, even ifthis involves one or more ofthe following features:

& endowing agents with unequalrights, a non anonymous game form, even though the social choice function to be implemented is anonymous and treats equalagents equally

& using coercive threats to extract private information fromthe agents and/or to influence their strategic choices; she will, metaphoricallyspeaking, burn the agents´ feet, submit themto lie detectors, and other forms ofduress

& using more subtle, yet no less objectionable, twists to force the agents to mutuallyrevealtheir private information, as in the mechanisms à la Maskin [1977]. This is an elaborate version of the familiar ^unanimityat gunpoint~ mechanismwherebythe agents must unanimouslyagree in their report about the entire profile ofcharacteristics, lest a verybad endstate is enforced

& changing the game formfrequently, as dictated bycircumstantialinformation, e.g., about the sharper strategic skills or more accurate information ofcertain agents therebygiving thema more active role in the procedure. Or her knowledge ofthe statisticaldistribution of characteristics, allows her to use Bayesian mechanisms; and so on.

Allabove features run contraryto the simple and pervasive intuition that agents do care about their rights and about the decision process. See Sen [1992]. In the case ofthe implementation problem, this means that the benevolent dictator should not be allowed to extract the private information held byindividualagents in anywayshe pleases. She should not bully agents into revealing information without giving themsome realinfluence on the process itself.

Not to place anylimits on the procedures that can be used affords too much power to the benevolent dictator. Similarlyin the discussion ofpure proceduraljustice, a large or empty equilibriumset gives ^too much~ influence to the individualskills and luck. Means matter as well as ends.

4. Endstate Justice cum Procedural Justice

Granted that means matter as wellas ends, what is the next logicalstep? How can we combine endstate and proceduraljustice in the generalmodelofSection 1?

A first clue to answer this question is the formaloverlap ofendstate and proceduraljustice.

When the test ofendstate justice selects a single endstate for everyprofile ofindividual

~ i

� N , ~ R , R / �

8 N :

Q ( R ) R

i

Q ( R | i R /

i

)

8 N

i

Q 8 N Z

R ( R

1

, . . . , R n )

( R | i R / i ) R R i

R / i

13 preferences, this determines a mapping (from into ) that is formallyidenticalto a direct game form, namelyone where an action byagent is simplyto report his preferences. Yet the formalidentitydoes not conveyanypositive implications because the strategic equilibriumofthe direct game formdoes not, in general, consist ofreporting one´s true preferences. This is where the second clue comes in.

Suppose we can choose the socialchoice function, a mapping from into , with the propertythat for allprofiles reporting one´s true preferences is a (Nash) equilibrium. Formallywe denote by the profile equalto except that has been replaced by , and we require the propertyof strategyproofness :

Note that the equilibriumpropertyofthe action ^report truthfullyanypreferences~ is that ofa dominant strategy, a noncooperative rationalitypropertysignificantlymore demanding than the

Nash equilibriumproperty. It delivers a particularlysimple and robust wayto implement our socialchoice function, one that is oblivious to the degree ofdispersion ofthe information on private characteristics, i.e., knowing what the other agents´ preferences are, and/or what theywill report, is worthless to me.

The convenience ofthe direct game formand the robustness ofthe dominant strategy equilibriumas a rationalityscenario are two positive properties, ofinterest even in the context of pure endstate justice. But there is more to the appealofstrategyproofness for a socialchoice function. As the game formand socialchoice functions are the same formalobject, the same tests ofequityapplyto both. For instance a propertylike anonymity˙equaltreatment ofequal

~ S

I N ~ R , R / � 8 N : ~ i � S Q R | S R / R

i

Q ( R )

< ~ i � S Q R | S R / I i

Q ( R )

Q

I i R i

R 1 , . . . , R n

14 reports˙ofthe mapping is at the same time a statement ofendstate justice and ofprocedural justice. Therefore endstate and proceduraljustice coincide, the means are justified preciselyto the extent that the ends are. In Rawls´ terminology, we have a situation of^perfect procedural justice.~ See Rawls [1971].

In point of fact, the strategyproofness propertyis not quite demanding enough to pass the most thorough tests ofstrategic determinismand predictability. The propertyof group strategyproofness strengthens strategyproofness bymaking it unprofitable for anysubgroup or coalition ofagents to jointlymisreport their preferences:

where is the indifference relation associated with . Thus not onlyis the knowledge ofother agents´ actions worthless to me, the possibilityofcooperating with themtoward playing the mechanismcollectivelyor byforming partialalliances is also useless. The public authorityneeds onlyto collect the messages and enforce the corresponding endstate mandated bythe game form. We can then rest assured that the correct endstate willbe implemented, because the participants willreport their preferences truthfullylest their behavior be grosslyirrational.

The advantages of(group) strategyproofsocialchoice functions or, equivalently, game forms, are normativelyappealing. Indeed, following the invention ofthe concept more than two decades ago byGibbard [1973], the search for such socialchoice functions in a varietyof contexts has been active and multifarious.

In anyallocation problemcaptured bythe generalmodelofSection 1, there exist some group strategyproofsocialchoice functions. Two obvious instances are the imposed socialchoice functions, always choosing the same endstate irrespective ofthe profile ofmessages, and the dictatorial socialchoice functions, choosing for allprofiles an endstate that maximizes the preferences ofa certain agent˙the dictator˙fixed once and for all. 2

Naturallythe imposed socialchoice functions yield unbearablyinefficient endstates, and the dictatorialones violate even the mildest requirement ofendstate/proceduraljustice. The interesting and difficult question is: exactlyhow far can a socialchoice function go toward efficiencyand fairness while keeping the (group) strategyproofness property? The question is mathematicallydifficult and manyrelated problems remain unsolved. Yet the literature has accumulated a large number ofpartialanswers fromwhich much maybe learned.

5. An Overview of the Literature on Strategyproofness

Allpapers accounted for in figures 1 and 2 attempt to characterize, or give examples of, strategyproofor group strategyproofsocialchoice functions in a particular allocation problem.

Three types ofresults emerge:

& positive results : strategyproofness is compatible with both equityand efficiency. Examples include voting with single peaked preferences, house barter, and fair division under single peaked preferences

& negative results : strategyproofness imposes a loss ofefficiencyand/or equityso severe as to force us to drop one or the other requirements altogether. Examples include voting between three or more alternatives where strategyproofness is onlycompatible with imposed or dictatorialsocialchoice functions, trading ofmultiple private goods, and, production under decreasing marginalcosts

& ^ neutral~results : strategyproofness is not compatible with fullefficiency; yet we can find equitable group strategyproofsocialchoice functions for which the efficiencyloss is not too severe. Examples include public decisions with monetarycompensations under quasi-linear utilities, house assignment with lotteries, and, cost and surplus-sharing under increasing marginalcost.

The papers are partitioned according to five themes corresponding mainlyto the type of allocation problemanalyzed with the exception ofthe ^general~ papers (see below).

a) voting : the pure public decision problem.

Papers differ in the restrictions theyimpose on the domain ofpreferences over alternatives: i ) unrestricted domain, anycomplete and transitive preference relation, ii ) singlepeaked domain, uni- or multi-dimensional, iii ) Euclidean, spatialvoting, iv ) linear, von Neumann˘Morgenstern preferences over lotteries, v ) classicalmicroeconomic preferences.

Other papers explore voting rules with multivalued outcomes, or the likelihood of manipulations.

b) Clarke-Groves mechanisms : public decisions with monetarytransfers and preferences quasi-linear in money.

Here the earlyliterature pre 1979 produced generalcharacterization results, whereas the subsequent literature offers new applications, e.g., to bilateralassignment, or bilateral trading.

c) General papers

This includes results broadlyapplicable to the various allocation problems: exploring, i ) the link ofstrategyproofness with the generalimplementation theory, ii ) its link with normative properties, notablyanonymityand the No Envyproperty, iii ) new and general prooftechniques to characterize the class ofstrategyproofsocialchoice functions, and iv ) the generalconsequences ofthe separabilityofpreferences.

d) Exchange and Distribution : the allocation ofunproduced private goods.

These include: i ) the classicalframework ofArrow-Debreu economies with private ownership or with common ownership (fair division), ii ) the case ofa single nonfreely disposable commodityunder single peaked preferences, iii ) house barter, the exchange of indivisible goods without monetarytransfers, iv ) matching and marriage models, v ) assignment ofindivisible goods with lotteries.

e) Production : the joint use ofa common technology, in the cost or surplus sharing format.

Here we find, i ) models with pure private goods emphasizing the role ofincreasing or decreasing marginalcosts ofproduction, ii ) the provision ofpure public goods, iii ) the production ofexcludable public goods, i.e., nonrivalprivate goods.

Except for a handfulof^prehistoric~ papers in which the intuition ofthe strategyproofness property, or its violation, can be found, the analysis ofthe propertybegins in 1971 with Clarke

[1971]. Historic papers include on the one hand Black [1948] on majorityvoting under single peaked preferences, Farqharson [1969] on strategic voting, and Dummett and Farqharson

[1961] who conjectured the Gibbard-Satterthwaite impossibility; and on the other hand

1 / 6

Samuelson [1954] on the free rider problemin the provision ofa public good, and Vickrey

[1961], a precursor ofthe literature on Clarke-Groves mechanisms.

Figures 1 and 2 partition the flow ofarticles in two chronological^eras.~ The first era ends in 1989, and is characterized bya concentration on the themes ofvoting (more than

E ofthe papers) and Clarke-Groves mechanisms ( ofthe papers). The last two years ofthe first era show almost no activity. The second era starts in 1990, when the research on group strategyproofness rebounds: the average yearlyrate ofoutput is around 5.3 papers in the first era, and jumps to 11.6 in the second. The relative size ofthe theme ofvoting decreases from68% to

36% whereas that ofexchange and distribution raises from10% to 30%. The theme of production also appears and captures almost 20% oftotalactivity.

The tone ofthe first era papers is overwhelminglynegative: two seminalresults, one on the voting problemwith unrestricted domain, the Gibbard-Satterthwaite theoremof1973, and the other on the problemofexchanging private goods, Hurwicz 1972, conveythe forcefulmessage that no strategyproofmechanismcan be reasonablyfair and efficient in either one ofthese two problems. While the literature elaborated the negative message ofthese two results, it offered onlya few positive or at least neutralresults. In the problemofvoting with single-peaked preferences, majorityvoting and a number ofrelated socialchoice functions are (group) strategyproof, efficient and fair. Although this result expanded the reach ofBlack´s 1948 intuition;

it was somewhat generalized to the multidimensionalcontext under separable preferences. For the two-sided matching problem, the Gale Shapleyalgorithm, a fair and efficient socialchoice function is (group) strategyproof for one side ofthe market, Dubins and Freedman [1981], but not for the other and the performance cannot be improved.

Byfar the most important familyofstrategyproofsocialchoice functions uncovered in the first era is the versatile class ofClarke-Groves mechanisms that can be applied to any resource allocation problemwhere allindividualpreferences are quasi-linear with respect to a numeraire good (the same for everyagent). The corresponding socialchoice functions associate to every preference profile a feasible allocation and a profile ofmonetarytransfers. Strategyproofness holds ifthe transfers are chosen in such a waythat the net charge to anyindividualagent equals the marginalsocialworth ofher own message, plus an arbitrarytermindependent ofher message.

This simple trick yields a partialanswer to the free rider problemin the provision ofa public good, Samuelson [1954], as wellas a generalcompensation method for public decision making.

It can also be used in the bilateralassignment problem, a generalization ofVickrey´s 1961 observation that the second price auction is strategyproofon the buyer´s side, see Leonard

[1983]. However, the appealofthe Clarke-Groves socialchoice function is limited, severelyin some contexts, for two reasons: theyare inefficient, and theyare manipulable bycoalitions, i.e., strategyproofbut not group strategyproof. See Green and Laffont [1979] or Moulin [1988], chapter 8.

Turning to the papers ofthe second era, three pervasive qualitative features capture the main trends ofthe research: i ) models are more specialized, more driven bythe microeconomic modeling ofspecific problems ofresource allocation; ii ) (group) strategyproofness is often combined with other normative properties, in particular equityproperties, and iii ) the results are generallypositive or neutral.

In the voting problem, the popular modelofa multidimensionalissue which is wellsuited to applications in mathematicalpolitics under is being systematicallyinvestigated various separability assumptions on individualpreferences. Positive or neutralresults include the choice ofa committee, Barbera, Güland Stacchetti[1993] and the Euclidean preferences model, Peters, Van der Stel, and Storcken [1993].

The simple problemof fairlydividing a single commodityunder singlepeaked preferences with no free disposalyields a rich familyof(group) strategyproofsocialchoice functions, interpretable as rationing methods. Ifthe generalfamilyis complex, Barbera, Jackson and Neme

[1995], one member ofthe family, the uniformrationing method, stands out as the unique group strategyproofmethod that is also fair, Sprumont [1991]. This positive result proves helpfulin the more generaland as yet uncompleted search for (group) strategyproofmethods allocating private goods, Barbera and Jackson [1995].

Much new ground has been broken in the models ofcooperative productions where a group ofusers ^share~ a given technologyin the sense that theyallcontribute some input and receive a share ofthe output. Two wellknown examples are the provision ofa public good and the exploitation ofa ^commons,~ namely, a technologyproducing a private good under increasing marginalcosts. Unrestricted access to the technologyleads to severe inefficiencies due to the free rider problemin the former model, and to the tragedyofthe commons in the latter.

The most interesting characterization results combine (group) strategyproofness with normative requirements of fairness, such as the Stand Alone lower bound in the provision ofa public good and anonymity, i.e., equalallocations for equalmessages. This property, when combined with strategyproofness, forces an ^envy-free~ allocation, Moulin [1993]. The results are fairlynegative or at best neutralin the public good provision problem, Saijo [1991], Serizawa

[1994], Ohseto [1995], but strikinglypositive in the private good case, where the serialcost sharing method emerges as uniquelyfair, (group) strategyproof, and not too inefficient. See

Moulin and Shenker [1992], Shenker [1995], (circulated 1990). This method can also be adapted to the provision ofan excludable public good˙a nonrivalprivate good. See Moulin [1994], Deb and Razzolini, [1995a], [1995b]). A generalcharacterization of(group) strategyproofsocial choice functions that does not use simplifying requirements of fairness maynot be too far from our reach, Shenker [1992], Moulin [1996].

6. Concluding Comments

The above discussion emphasizes that group strategyproofness is a tractable requirement in a number ofspecialized allocation problems: majorityvoting, possiblywith phantomvoters with single peaked preferences, uniformrationing ofa single commodity, serialcost sharing ofa private good with increasing marginalcost. Yet the negative results ofthe first era continue to place tight limits on the flexibilitythat the strategyproofness propertyallows to the mechanism designer. In manyimportant contexts, such as the design ofa voting rule, we must abandon the goalofstrategyproofness in order to secure a minimallyfair mechanismand efficient endstate.

Then the mechanismdesigner must do her best to strike a compromise between two conflicting objectives:

& to pick a simple mechanism, with naturalmessage spaces and easilyunderstandable rules˙the goalofexclusive proceduraljustice.

& to pick a mechanismimplementing the desired socialchoice function in as manydifferent strategic contexts as possible where the context is specified byinformationaland rationality

1.Note that we could also introduce some amount ofindeterminacyin the mapping f, either by adding a chance move to its domain, or bymaking it a multivalued correspondence.

2.This definition is not quite precise enough to yield a group strategyproofsocialchoice function, in view ofthe possibilityofindifferences. We omit the details.

assumptions. This is the requirement ofrobust implementation , the sole criterion in selecting a mechanismunder exclusive endstate justice.

The precise nature ofthis trade-offis far fromclear at this point in the research effort.

Endnotes

Bibliography

Barbera, S., F. Gül, and E. Stacchetti, 1993. ^Generalized Median Voter Schemes and

Committees,~ Journal of Economic Theory , 61, 262˘289.

Barbera, S. and M. Jackson, 1995. ^Strategy-proofExchange, Econometrica , 63, 51˘88.

Barbera, S., M. Jackson, and A. Neme, 1995. ^Strategy-proofAllotment Rules,~ Mimeo,

Northwestern University.

Berlin, I., 1969. Four Essays on Liberty , Oxford: Oxford UniversityPress.

Black, D., 1948. ^On the Rationale ofGroup Decision-Making,~ Journal of Political Economy ,

56.

Clarke, E., 1971. ^Multipart Pricing ofPublic Goods,~ Public Choice , 2, 17˘33.

Deb, P., K. Pattanaik, and L. Razzolini, 1997. ^Game Forms, Rights, and the EfficiencyofSocial

Outcomes,~ Journal of Economic Theory , 72, 74˘95.

Deb, P. and L. Razzolini, 1995a. ^VoluntaryCost Sharing for an Excludable Public Project,~

Mimeo, Southern Methodist University.

Deb, P. and L. Razzolini, 1995b. ^Auction Like Mechanisms for Pricing Excludable Public

Goods,~ Mimeo, Southern Methodist University.

Dubins, L.E., and D.A. Freedman, 1981. ^Machiavelliand the Gale-ShapleyAlgorithm,

American Mathematical Monthly , 88, 485˘94.

Dummett, M. and R. Farqharson, 1961. ^Stabilityin Voting,~ Econometrica , 29, 1, 33˘43.

Farqharson, R., 1969. Theory of Voting. New Haven: Yale UniversityPress.

Fleurbaey, M., 1995. ^EqualOpportunityor EqualSocialOutcome?~ Economics and

Philosophy , 11, 25˘55.

Gaertner, W., P.K. Pattanaik, and K. Suzumura, 1992. ^IndividualRights Revisited,~ Economica

59, 161˘77.

Gärdenfors, P., 1981. ^Rights, Games and SocialChoice,~ Noûs , 15, 341˘56.

Gibbard, A., 1973 . ^Manipulation ofVoting Schemes: A GeneralResult,~ Econometrica , 41,

587˘601.

Green, J. and J.J. Laffont, 1979. Incentives in Public Decision-Making , Amsterdam: North

Holland.

Hardin, G., 1968. ^The Tragedyofthe Commons,~ Science , 162, 1243˘48.

Hurwicz, L., 1972. ^On InformationallyDecentralized Systems,~ in C.B. McGuire and R.

Radner, eds., Decision and Organization , Amsterdam: North Holland.

Leonard, H.B., 1983. ^Elicitation ofHonest Preferences for the Assignment ofIndividuals to

Positions,~ Journal of Political Economy , 91, 461˘79.

Maskin, E., 1977. ^Nash Equilibriumand Welfare Optimality,~ mimeo, Department of

Economics, MIT.

Maskin, E., 1985. ^The TheoryofImplementation in Nash Equilibrium: A Survey,~ in L.

Hurwicz, D. Schmeidler and H. Sonnenschein, eds., Social Goals and Social Organization.

Cambridge: Cambridge UniversityPress.

McKelvey, R. D., 1976. ^Intransitivities in Multi-DimensionalVoting Models and Some

Implications for Agenda Control,~ Journal of Economic Theory , 12, 472˘82.

Moulin, H., 1993. ^On the Fair and CoalitionstrategyproofAllocation ofPrivate Goods,~

Frontiers of Game Theory , " K. Binmore, A. Kirman and P. Tani, eds., Cambridge: MIT

UniversityPress.

Moulin, H., 1994. ^SerialCost Sharing ofExcludable Public Goods,~ Reviewof Economic

Studies , 61, 305˘25.

Moulin, H., 1995. Cooperative Microeconomics: A Game-Theoretic Introduction . Princeton:

Princeton UniversityPress.

Moulin, H. and S. Shenker, 1992. ^SerialCost Sharing,~ Econometrica , 50, 5, 1009˘39.

Moulin, H. and W. Thomson, 1995. ^Axiomatic Analysis ofResource Allocation Problems,~ forthcoming in K. Arrow, A. Sen, K. Suzumura, eds., Social Choice Re-examined. London:

Macmillan.

Moulin, H., 1988. Axioms of Cooperative Decision Making . Monograph ofthe Econometric

Society, Cambridge: Cambridge UniversityPress. Russian translation, Cooperativnoe

Prinyatie Rechenii Aksiom i Modeli , 1991, Moscow: Mir editions.

Moulin, H., 1996. ^IncrementalCost Sharing: Characterization byGroup Strategyproofness,~

Mimeo, Duke University, 1996.

Myerson, R. B. , 1991. Game Theory: Analysis of Conflict . Cambridge, MA: Harvard

UniversityPress.

Nakamura, K., 1979. ^The Vetoers in a Simple Game with OrdinalPreferences,~ International

Journal of Game Theory , 8, 55˘61.

Nash, J., 1950. ^The Bargaining Problem,~ Econometrica , 28, 55˘162.

Ohseto, S., 1995. ^Strategy-ProofCost Sharing for an Excludable Public Project,~ Mimeo,

Ritsumeikan University.

Olson, M., 1965. The Logic of Collective Action . Cambridge, MA: Harvard UniversityPress.

Ostrom, E., 1991. Governing the Commons , Cambridge: Cambridge UniversityPress.

Pattanaik, P. K. and Y. Xu., 1990. ^On Ranking OpportunitySets in Terms ofFreedomof

Choice,~ Recherches Economiques de Louvain , 56, 383˘90.

Peters, H., H. Van der Stel, and T. Storcken, 1993. ^Range Convexity, Continuity, and Strategy-

Proofness ofVoting Schemes,~ ZOR , 38, 213˘229.

Rawls, J., 1971. A Theory of Justice . Cambridge, MA: Harvard UniversityPress.

Roemer, J., 1993. ^A Pragmatic TheoryofResponsibilityfor the Egalitarian Planner,~

Philosophy and Public Affairs , 22, 146˘66.

Saijo, T., 1991. ^Incentive Compatibilityand IndividualRationalityin Public Good Economies,~

55, 203˘12.

Samuelson, P., 1954. ^The Pure TheoryofPublic Expenditure,~ Reviewof Economics and

Statistics , 36, 387˘89.

Sen, A.K., 1970. ^The Impossibilityofa Paretian Liberal,~ Journal of Political Economy , 78,

152˘57 (reprinted in Sen 1982).

Sen, A., 1985. Commodities and Capabilities . Amsterdam: North-Holland.

Sen, A., 1992. Inequality Reexamined . Oxford: Clarendon Press.

Serizawa, S., 1994. ^Strategy-Proofand IndividuallyRationalSocialChoice Functions for Public

Goods Economies,~ Mimeo, Osaka University.

Shenker, S., 1992. ^On the Strategy-Proofand Smooth Allocation ofPrivate Goods in a

Production Economy,~ Mimeo, Xerox PARC.

Shenker, S., 1995. ^Making Greed Work in Networks: A Game Theoretic Analysis ofSwitch

Service Disciplines,~ Transactions on Networking , 3, 819˘31.

Sprumont, Y., 1991. ^The Division Problemwith Single Peaked Preferences: A Characterization ofthe UniformRule,~ Econometrica , 59-2, 509˘20.

Vickrey, W., 1961. ^Counterspeculation, Auctions and Competitive Sealed Tenders,~ Journal of

Finance , 15, 8˘37.