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Arrow’s theorem in judgment aggregation Franz Dietrich and Christian List1 4/2005, revised 9/2005 In response to recent work on the aggregation of individual judgments on logically connected propositions into collective judgments, it is often asked whether judgment aggregation is a special case of Arrowian preference aggregation. We argue the opposite. After proving a general impossibility result on judgment aggregation, we construct an embedding of preference aggregation into judgment aggregation and prove Arrow’s theorem as a corollary of our result. Although we provide a new proof of Arrow’s theorem, our main aim is to identify the analogue of Arrow’s theorem in judgment aggregation, to clarify the relation between judgment and preference aggregation and to illustrate the generality of the judgment aggregation model. JEL Classi…cation: D70, D71
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Introduction



A new aggregation problem has recently received much attention. How can the judgments of several individuals on logically connected propositions be aggregated into corresponding collective judgments? To illustrate the di¢ culties involved in judgment aggregation, suppose a three-member committee has to make collective judgments on three connected propositions: a: "Carbon dioxide emissions are above the threshold x." a ! b: "If carbon dioxide emissions are above the threshold x, then there will be global warming." b: "There will be global warming." a a!b Individual 1 True True Individual 2 True False Individual 3 False True Majority True True



b True False False False



Table 1: The discursive dilemma As shown in Table 1, the …rst committee member accepts all three propositions; the second accepts a but rejects a ! b and b; the third accepts a ! b but rejects a and b. Then the judgments of each committee member are individually consistent, and yet the majority judgments on the propositions are inconsistent: a majority accepts a, a majority accepts a ! b, but a majority rejects b. 1



We thank Richard Bradley, Ruvin Gekker, Ron Holzman and Philippe Mongin for comments and suggestions. Addresses: F. Dietrich, Department of Quantitative Economics, University of Maastricht, P.O. Box 616, 6200 MD Maastricht, The Netherlands; C. List, Deptartment of Government, London School of Economics, London WC2A 2AE, U.K.



This problem –the so-called discursive dilemma (Pettit 2001) –has led to a growing literature on the possibility of consistent judgment aggregation under various conditions. List and Pettit (2002, 2004) have developed a …rst model of judgment aggregation based on propositional logic and proved an impossibility result, followed by several stronger impossibility results (Pauly and van Hees 2004; Dietrich 2004a; Gärdenfors 2004; van Hees 2004; Nehring and Puppe 2005; Dietrich and List 2005; Dokow and Holzman 2005) and possibility results (Bovens and Rabinowicz 2004; Dietrich 2004a; List 2003, 2004, 2005; Pigozzi 2004). Generalizing the propositional logic framework, Dietrich (2004b) has developed a model of judgment aggregation in general logics, also used in the present paper, which allows the representation of a larger class of aggregation problems. Although there are obvious di¤erences between judgment aggregation and the more familiar problem of preference aggregation, the recent results resemble earlier results in social choice theory. The discursive dilemma resembles Condorcet’s paradox of cyclical majority preferences, and the various impossibility theorems on judgment aggregation resemble Arrow’s theorem on preference aggregation. This has led critics to ask whether the recent work on judgment aggregation is a reinvention of the wheel. In response, it can be argued that the work on judgment aggregation is not a reinvention, but a generalization. The preference aggregation model of Condorcet and Arrow can be embedded into a judgment aggregation model by representing preference orderings as sets of binary ranking judgments (List and Pettit 2004; List 2003, fn. 4), whereas the converse embedding cannot easily be achieved. (This embedding claim applies only to the ordinal preferencerelation-based strand of Arrowian social choice theory, but not to the cardinal welfare-function-based strand.) In this paper, we reinforce this argument. After introducing the judgment aggregation model in general logics and proving a general impossibility result (stated in terms of two theorems), we construct an explicit embedding of preference aggregation into judgment aggregation and prove Arrow’s theorem (for strict preferences) as a direct corollary of our result on judgment aggregation. Our aim is not primarily to provide a new proof of Arrow’s theorem, but to identify the analogue of Arrow’s theorem in judgment aggregation, to clarify the logical relation between judgment and preference aggregation and to highlight the logical structure underlying Arrow’s result. Related results were given by List and Pettit (2004), who derived a simple impossibility theorem on preference aggregation from an earlier result on judgment aggregation, and Nehring (2003), who proved an Arrow-like theorem in the related framework of property spaces. But neither result fully matches Arrow’s theorem. List and Pettit’s result requires additional neutrality and anonymity conditions, but no Pareto principle. Nehring’s result requires an additional monotonicity condition.
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The judgment aggregation model



We consider a group of individuals 1; 2; : : : ; n (n 2). The group has to make collective judgments on logically connected propositions. Formal logic. Propositions are represented in an appropriate formal logic. A logic (with negation symbol :) is a pair (L; ) such that L is a non-empty set of propositions, where p 2 L implies :p 2 L, is an entailment relation ( P(L) L), where, for each set of propositions A L and each proposition p 2 L, A p is read as "A entails p" (we write p q as an abbreviaton for fpg q). A set A L is inconsistent if A p and A :p for some p 2 L, and consistent otherwise. A set A L is minimal inconsistent if it is inconsistent and every proper subset B ( A is consistent. A proposition p 2 L is contingent if fpg and f:pg are consistent. We require our logic to satisfy the following minimal conditions: (L1) For all p 2 L, p p. (L2) For all p 2 L and A B L, if A p then B p. (L3) ; is consistent, and each consistent set A L has a consistent superset B L containing a member of each pair p; :p 2 L. Many di¤erent logics satisfy conditions L1 to L3, including standard propositional logic, standard modal and conditional logics and, for the present purposes, predicate logic, as de…ned below. The agenda. The agenda is a non-empty subset X L, interpreted as the set of propositions on which judgments are to be made, where X is a union of proposition-negation pairs fp; :pg (with p not itself a negated proposition). For simplicity, we assume that double negations cancel each other out, i.e. ::p stands for p.2 In the example above, the agenda is X = fa; :a; b; :b; a ! b; :(a ! b)g in standard propositional logic (or alternatively in a simple conditional logic). We consider agendas X with di¤erent types of interconnections. For any p; q 2 X, we write p q if fp; :qg [ Y is inconsistent for some Y X consistent with p and with :q.3 X is minimally connected if (i) there exists a minimal inconsistent set Y X with jY j 3, and (ii) there exists a minimal inconsistent set Y X such that (Y nZ)[ f:z : z 2 Zg is consistent for some subset Z Y of even size. X is path-connected if, for every contingent p; q 2 X, there exist p1 ; p2 ; :::; pk 2 X (with p = p1 and q = pk ) such that p1 p2 , p2 p3 , ..., pk 1 pk . 2



When we use the negation symbol : hereafter, we mean a modi…ed negation symbol , where p := :p if p is unnegated and p := q if p = :q for some q. 3 For non-paraconsistent logics (in the sense of L4 in Dietrich 2004b), fp; :qg [ Y is inconsistent if and only if fpg [ Y q.
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Dokow and Holzman (2005) have recently introduced an algebraic condition on …nite agendas, which is equivalent to part (ii) of minimal connectedness, as Ron Holzman has indicated to us. If the logic is compact, path-connectedness is equivalent to Nehring and Puppe’s (2005) total blockedness; in the general case, path-connectedness is weaker. The agenda of our example above is minimally connected, but not pathconnected. Below we show that preference aggregation problems can be represented by agendas that are both minimally connected and path-connected. Individual judgment sets. Each individual i’s judgment set is a subset Ai X, where p 2 Ai means that individual i accepts proposition p. A judgment set Ai is consistent if it is a consistent set as de…ned above; Ai is complete if, for every proposition p 2 X, p 2 Ai or :p 2 Ai . A pro…le (of individual judgment sets) is an n-tuple (A1 ; : : : ; An ). Aggregation rules. A (judgment) aggregation rule is a function F that assigns to each admissible pro…le (A1 ; : : : ; An ) a single collective judgment set F (A1 ; : : : ; An ) = A X, where p 2 A means that the group accepts proposition p. The set of admissible pro…les is called the domain of F , denoted Domain(F ). Examples of aggregation rules are the following. Propositionwise majority voting. For each (A1 ; :::; An ), F (A1 ; :::; An ) = fp 2 X : more individuals i have p 2 Ai than p 2 = Ai g. Dictatorship of individual i: For each (A1 ; :::; An ), F (A1 ; :::; An ) = Ai . Inverse dictatorship of individual i: For each (A1 ; :::; An ), F (A1 ; :::; An ) = f:p : p 2 Ai g. Regularity conditions on aggregation rules. We impose the following conditions on the inputs and outputs of aggregation rules. Universal domain. The domain of F is the set of all possible pro…les of complete and consistent individual judgment sets. Collective rationality. F generates complete and consistent collective judgment sets. Propositionwise majority voting, dictatorships and inverse dictatorships satisfy universal domain, but only dictatorships generally satisfy collective rationality. As the discursive dilemma example of Table 1 shows, propositionwise majority voting sometimes generates inconsistent collective judgment sets. Inverse dictatorships satisfy collective rationality only in special cases (i.e. when the agenda is symmetrical: for every consistent Z X, f:p : p 2 Zg is also consistent).
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An impossibility result on judgment aggregation



Are there any non-dictatorial judgment aggregation rules satisfying universal domain and collective rationality? The following conditions are frequently used in the literature. Independence. For any proposition p 2 X and pro…les (A1 ; : : : ; An ); (A1 ; : : : ; An ) 2 Domain(F ), if [for all individuals i, p 2 Ai if and only if p 2 Ai ] then [p 2 F (A1 ; : : : ; An ) if and only if p 2 F (A1 ; : : : ; An )]. Systematicity. For any propositions p; q 2 X and pro…les (A1 ; : : : ; An ); (A1 ; : : : ; An ) 2 Domain(F ), if [for all individuals i, p 2 Ai if and only if q 2 Ai ] then [p 2 F (A1 ; : : : ; An ) if and only if q 2 F (A1 ; : : : ; An )]. Unanimity principle. For any pro…le (A1 ; : : : ; An ) 2 Domain(F ) and any proposition p 2 X, if p 2 Ai for all individuals i, then p 2 F (A1 ; : : : ; An ). Independence requires that the collective judgment on each proposition should depend only on individual judgments on that proposition. Systematicity strengthens independence by requiring in addition that the same pattern of dependence should hold for all propositions (a neutrality condition). The unanimity principle requires that if all individuals accept a proposition then this proposition should also be collectively accepted. The following result holds. Proposition 1. For a minimally connected agenda X, an aggregation rule F satis…es universal domain, collective rationality, systematicity and the unanimity principle if and only if it is a dictatorship of some individual. Proof. All proofs are given in the appendix. Proposition 1 is related to an earlier result by Dietrich (2004b), which requires an additional assumption on the agenda X but no unanimity principle (the additional assumption is that X is also asymmetrical: for some inconsistent Z X, f:p : p 2 Zg is consistent). This result, in turn, generalizes an earlier result on systematicity by Pauly and van Hees (2004). From Proposition 1, we can derive two new results of interest. The …rst is a generalization of List and Pettit’s (2002) theorem on the non-existence of an aggregation rule satisfying universal domain, collective rationality, systematicity and anonymity (i.e. invariance of the collective judgment set under permutations of the given pro…le of individual judgment sets). Our result extends the earlier impossibility result to any minimally connected agenda and weakens anonymity to the requirement that there is no dictator or inverse dictator. Theorem 1. For a minimally connected agenda X, an aggregation rule F satis…es universal domain, collective rationality and systematicity if and only if it is a (possibly inverse) dictatorship of some individual. 5



Moreover, the agenda assumption of Theorem 1 is maximally weak if n 3 and the agenda is …nite or the logic is compact (and X contains at least one contingent proposition), i.e. minimal connectedness is necessary for characterizing (possibly inverse) dictatorships by the conditions of Theorem 2.4 The second result we can derive from Proposition 1 is the analogue of Arrow’s theorem in judgment aggregation, from which we subsequently derive Arrow’s theorem on preference aggregation as a corollary. Note the following lemma. Lemma 1. For a path-connected agenda X, an aggregation rule F satisfying universal domain, collective rationality, independence and the unanimity principle also satis…es systematicity. Let us call an agenda strongly connected if it is both minimally connected and path-connected. Using Lemma 1, Proposition 1 now implies the following impossibility result. Theorem 2. For a strongly connected agenda X, an aggregation rule F satis…es universal domain, collective rationality, independence and the unanimity principle if and only if it is a dictatorship of some individual. Dokow and Holzman (2005) have recently shown that, if n 3 and the agenda is …nite and contains only contingent propositions, the agenda assumption of Theorem 2 is maximally weak, i.e. strong connectedness is necessary for characterizing dictatorships by the conditions of Theorem 2. In fact, the necessity holds whenever n 3 and the agenda is …nite or the logic is compact (and X contains at least one contingent proposition). A related result with an additional monotonicity condition has been proved by Nehring and Puppe (2005). Our impossibility results continue to hold under slightly generalized de…nitions of minimally connected and strongly connected agendas.5 Of course, it is debatable whether and when independence or systematicity are plausible requirements on judgment aggregation. The literature contains extensive discussions of these conditions and their possible relaxations. In our 4



It can then be shown that, if X is not minimally connected, there exists an aggregation rule that satis…es universal domain, collective rationality and systematicity and is not a (possibly inverse) dictatorship. Let M be a subset of f1; :::; ng of odd size at least 3. If part (i) of minimal connectedness is violated, then majority voting among the individuals in M satis…es all requirements. If part (ii) is violated, the aggregation rule F with universal domain de…ned by F (A1 ; :::; An ) := fp 2 X : the number of individuals i 2 M with p 2 Ai is oddg satis…es all requirements. 5 In the de…nition of minimal connectedness, (i) can be weakened to the following: (i*) there is an inconsistent set Y X with pairwise disjoint subsets Z1 ; Z2 ; Z3 such that (Y nZj )[f:p : p 2 Zj g is consistent for any j 2 f1; 2; 3g. In the de…nition of strong connectedness (by (i), (ii) and path-connectedness), (i) can be dropped altogether, as path-connectedness implies (i*). In the de…nitions of minimal connectedness and strong connectedness, (ii) can be weakened to ( *) in Dietrich (2004b).
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view, the importance of Theorems 1 and 2 lies not so much in establishing the impossibility of consistent judgment aggregation, but rather in indicating what conditions must be relaxed in order to make consistent judgment aggregation possible. The theorems describe boundaries of the logical space of possibilities.
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Arrow’s theorem



We now show that Arrow’s theorem (for strict preferences) can be stated in the judgment aggregation model, where it is a direct corollary of Theorem 2. We consider a standard Arrowian preference aggregation model, where each individual has a strict preference ordering (asymmtrical, transitive and connected, as de…ned below) over a set of options K = fx; y; z; :::g with jKj 3. We embed this model into our judgment aggregation model by representing preference orderings as sets of binary ranking judgments in a simple predicate logic.6 A simple predicate logic for representing preferences. We consider a predicate logic with constants x; y; z; ::: 2 K (representing the options), variables v, w, v1 , v2 , ..., identity symbol =, a two-place predicate P (representing strict preference), logical connectives : (not), ^ (and), _ (or), ! (if-then), and universal quanti…er 8. Formally, L is the smallest set such that L contains all propositions of the forms P and = , where and are constants or variables, and whenever L contains two propositions p and q, then L also contains :p, (p ^ q), (p _ q), (p ! q) and (8v)p, where v is any variable. Notationally, we drop brackets when there is no ambiguity. The entailment relation is de…ned as follows. For any set A L and any proposition p 2 L, A



p if and only if



A [ Z entails p in the standard sense of predicate logic,



where Z is the set of rationality conditions on strict preferences: (8v1 )(8v2 )(v1 P v2 ! :v2 P v1 ) ("asymmetry"); (8v1 )(8v2 )(8v3 )((v1 P v2 ^ v2 P v3 ) ! v1 P v3 ) ("transitivity"); (8v1 )(8v2 )(: v1 =v2 ! (v1 P v2 _ v2 P v1 )) ("connectedness").7 The agenda. The preference agenda is the set X of all propositions of the forms xP y; :xP y 2 L, where x and y are distinct constants. Lemma 2. The preference agenda X is strongly connected. 6



Although we consider strict preferences for simplicity, a similar embedding is also possible for weak preferences. 7 For technical reasons, Z also contains, for each pair of distinct constants x; y, the condition : x=y, re‡ecting the mutual exclusiveness of the options.
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The correspondence between preference orderings and judgment sets. It is easy to see that each (asymmetrical, transitive and connected) preference ordering over K can be represented by a unique complete and consistent judgment set in X and vice-versa, where individual i strictly prefers x to y if and only if xP y 2 Ai . For example, if individual i strictly prefers x to y to z, this is uniquely represented by the judgment set Ai = fxP y; yP z; xP z; :yP x; :zP y; :zP xg. The correspondence between Arrow’s conditions and conditions on judgment aggregation. For the preference agenda, the conditions of universal domain, collective rationality, independence and the unanimity principle ("Pareto"), as stated above, exactly match the standard conditions of Arrow’s theorem. As the preference agenda is strongly connected, Arrow’s theorem now follows from Theorem 2. Corollary 1. (Arrow’s theorem) For the preference agenda X, an aggregation rule F satis…es universal domain, collective rationality, independence and the unanimity principle if and only if it is a dictatorship of some individual.
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Concluding remarks



After proving a general impossibility result on judgment aggregation, stated in terms of Theorems 1 and 2, we have shown that Arrow’s theorem (for strict preferences) is a corollary of this result, speci…cally of Theorem 2 applied to the aggregation of binary ranking judgments in a simple predicate logic. This …nding illustrates the generality of the judgment aggregation model. The model can represent a large class of judgment aggregation problems in general logics –all logics satisfying conditions L1 to L3 –of which a predicate logic for representing preferences is a special case. Other logics to which the model applies are propositional, modal or conditional logics and predicate logics representing relational structures other than preference orderings. Impossibility and possibility results on judgment aggregation, such as Theorems 1 and 2, can apply to aggregation problems in all these logics. An alternative, very general model of aggregation is the one introduced by Wilson (1975) and recently used by Dokow and Holzman (2005), where a group has to determine its yes/no views on several issues based on the group members’ views on these issues (subject to feasibility constraints). Wilson’s model can also be represented in our model; here Dokow and Holzman’s results apply to a logic satisfying L1 to L3 and a …nite agenda.8 8



In Wilson’s model, the notion of consistency (feasibility) rather than that of entailment is a primitive. This is slightly less general than our model, as the notion of entailment fully speci…es a notion of consistency, while the converse does not hold for all logics satisfying L1 to L3.
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Although we have constructed an explicit embedding of preference aggregation into judgment aggregation, we have not proved the impossibility of a converse embedding. We suspect that such an embedding is hard to achieve, as Arrow’s standard model cannot easily capture the di¤erent informational basis of judgment aggregation. It is unclear what an embedding of judgment aggregation into preference aggregation would look like. In particular, it is unclear how to specify the options over which individuals have preferences. The propositions in an agenda are not candidates for options, as propositions are usually not mutually exclusive. Natural candidates for options are perhaps entire judgment sets (complete and consistent), as these are mutually exclusive and exhaustive. But in a preference aggregation model with options thus de…ned, individuals would feed into the aggregation rule not a single judgment set (option), but an entire preference ordering over all possible judgment sets (options). This would be a di¤erent informational basis from the one in judgment aggregation. In addition, the explicit logical structure within each judgment set would be lost under this approach, as judgment sets in their entirety, not propositions, would be taken as primitives. However, although we are sceptical, the construction of a useful converse embedding remains an open challenge.



6



References



Bovens L, Rabinowicz W (2004) Democratic Answers to Complex Questions: An Epistemic Perspective. Synthese (forthcoming) Dietrich F (2004a) Judgment Aggregation: (Im)Possibility Theorems. Journal of Economic Theory (forthcoming) Dietrich F (2004b) Judgment aggregation in general logics. Working paper, PPM Group, University of Konstanz Dietrich F, List C (2005) Judgment aggregation by quota rules. Working paper, LSE Dokow E, Holzman R (2005) Aggregation of binary relations, Working paper, Technion Israel Institute of Technology Gärdenfors P (2004) An Arrow-like theorem for voting with logical consequences. Economics and Philosophy (forthcoming) List C (2003) A Possibility Theorem on Aggregation over Multiple Interconnected Propositions. Mathematical Social Sciences 45(1): 1-13 List C (2004) A Model of Path Dependence in Decisions over Multiple Propositions. American Political Science Review 98(3): 495-513 List C (2005) The Probability of Inconsistencies in Complex Collective Decisions. Social Choice and Welfare 24: 3-32 List C, Pettit P (2002) Aggregating Sets of Judgments: An Impossibility Result. Economics and Philosophy 18: 89-110 List C, Pettit P (2004) Aggregating Sets of Judgments: Two Impossibility Results Compared. Synthese 140(1-2): 207-235 9



Nehring K (2003) Arrow’s theorem as a corollary. Economics Letters 80: 379-382 Nehring K, Puppe C (2005) Consistent Judgment Aggregation: A Characterization. Working paper, University of Karlsruhe Pauly M, van Hees M (2004) Logical Constraints on Judgment Aggregation. Journal of Philosophical Logic (forthcoming) Pettit P (2001) Deliberative Democracy and the Discursive Dilemma. Philosophical Issues 11: 268-299 Pigozzi G (2004) Collective decision-making without paradoxes: An argument-based account. Working paper, King’s College, London van Hees M (2004) The limits of epistemic democracy. Working paper, University of Groningen Wilson R (1975) On the Theory of Aggregation. Journal of Economic Theory 10: 89-99



A



Appendix



Proof of Proposition 1. Let X be minimally connected and let F be any aggregation rule. Put N := f1; :::; ng. If F is dictatorial, F obviously satis…es universal domain, collective rationality, systematicity and the unanimity principle. Now assume F satis…es the latter conditions. Then there is a set C of ("winning") coalitions C N such that, for every p 2 X and every (A1 ; :::; An ) 2 Domain(F ), F (A1 ; :::; An ) = fp 2 X : fi : p 2 Ai g 2 Cg. For every consistent set Z X; let AZ be some consistent and complete judgment set such that Z AZ . Claim 1. N 2 C, and, for every coalition C N , C 2 C if and only if N nC 2 = C. The …rst part of the claim follows from the unanimity principle, and the second part follows from collective rationality together with universal domain. Claim 2. For any coalitions C; C N; if C 2 C and C C then C 2 C. Let C; C N with C 2 C and C C . Assume for contradiction that C 2 = C. Then N nC 2 C. Let Y be as in part (ii) of the de…nition of minimally connected agendas, and let Z be a smallest subset of Y such that (Y nZ) [ f:z : z 2 Zg is consistent and Z has even size. We have Z 6= ;; since otherwise the (inconsistent) set Y would equal the (consistent) set (Y nZ) [ f:z : z 2 Zg. So, as Z has even size, there are two distinct propositions p; q 2 Z. Since Y is minimal inconsistent, (Y nfpg) [ f:pg and (Y nfqg) [ f:qg are each consistent. This and the consistency of (Y nZ) [ f:z : z 2 Zg allow us to de…ne a pro…le (A1 ; :::; An ) 2 Domain(F ) as follows. Putting C1 := C nC and C2 := N nC (note that fC; C1 ; C2 g is a partition of N ), let 8 if i 2 C < A(Y nfpg)[f:pg A(Y nZ)[f:z:z2Zg if i 2 C1 Ai := (1) : A(Y nfqg)[f:qg if i 2 C2 . 10
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Figure 1: The pro…les constructed in the proofs of claims 2 (left) and 3 (right).



By (1), we have Y nZ F (A1 ; :::; An ) as N 2 C. Also by (1); we have q 2 F (A1 ; :::; An ) as C 2 C, and p 2 F (A1 ; :::; An ) as C2 = N nC 2 C. In summary, writing Z := Znfp; qg, we have (*) Y nZ F (A; :::; An ): We distinguish two cases. Case C1 2 = C. Then C [ C2 = N nC1 2 C. So Z F (A1 ; :::; An ) by (1), which together with (*) implies Y F (A1 ; :::; An ). But then F (A1 ; :::; An ) is inconsistent, a contradiction. Case C1 2 C. So f:z : z 2 Z g F (A1 ; :::; An ) by (1). This together with (*) implies that (Y nZ ) [ f:z : z 2 Z g F (A1 ; :::; An ). So (Y nZ ) [ f:z : z 2 Z g is consistent. As Z also has even size, the minimality condition in the de…nition of Z is violated. Claim 3. For any coalitions C; C N; if C; C 2 C then C \ C 2 C. Consider any C; C 2 C. Let Y X be as in part (i) of the de…nition of minimally connected agendas. As jY j 3, there are pairwise distinct propositions p; q; r 2 Y . As Y is minimally inconsistent, each of the sets (Y nfpg) [ f:pg, (Y nfqg) [ f:qg and (Y nfrg) [ f:rg is consistent. This allows us to de…ned a pro…le (A1 ; :::; An ) 2 Domain(F ) as follows. Putting C0 := C \C , C1 := C nC and C2 := N nC (note that fC0 ; C1 ; C2 g is a partition of N ), let 8 < A(Y nfpg)[f:pg if i 2 C0 A(Y nfrg)[f:rg if i 2 C1 Ai := (2) : A(Y nfqg)[f:qg if i 2 C2 .



By (2); Y nfp; q; rg F (A1 ; :::; An ) as N 2 C. Again by (2), we have q 2 F (A1 ; :::; An ) as C0 [C1 = C 2 C. As C 2 C and C C0 [C2 , we have C0 [C2 2 C by claim 2. So, by (2); r 2 F (A1 ; :::; An ). In summary, Y nfpg F (A1 ; :::; An ): As Y is inconsistent, p 2 = F (A1 ; :::; An ); and hence :p 2 F (A1 ; :::; An ): So, by (2), C0 2 C. Claim 4. There is a dictator. e := \C2C C: By claim Consider the intersection of all winning coalitions, C e e e As j belongs 3, C 2 C. So C 6= ;, as by claim 1 ; 2 = C. Hence there is a j 2 C: to every winning coalition C 2 C, j is a dictator: indeed, for each pro…le 11



(A1 ; :::; An ) 2 Domain(F ) and each p 2 X, if p 2 Aj then fi : p 2 Ai g 2 C, so that p 2 F (A1 ; :::; An ); and if p 2 = Ai then :p 2 Ai , so that fi : :p 2 Ai g 2 C, implying :p 2 F (A1 ; :::; An ), and hence p 2 = F (A1 ; :::; An ). Proof of Theorem 1. Let X be minimally connected, and let F satisfy universal domain, collective rationality and systematicity. If F satis…es the unanimity principle, then, by Proposition 1, F is dictatorial. Now suppose F violates the unanimity principle. Claim 1 . X is symmetrical, i.e. if A X is consistent, so is f:p : p 2 Ag. Let A X be consistent. Then there exists a complete and consistent judgment set B such that A B. As F violates the unanimity principle (but satis…es systematicity), the set F (B; :::; B) contains no element of B, hence contains no element of A, hence contains all elements of f:p : p 2 Ag by collective rationality. So, again by collective rationality, f:p : p 2 Ag is consistent. Claim 2 . The aggregation rule Fb with universal domain de…ned by b F (A1 ; :::; An ) := f:p : p 2 F (A1 ; :::; An )g is dictatorial. As F satis…es collective rationality and systematicity, so does Fb, where the consistency of collective judgment sets follows from claim 1. Fb also satis…es the unanimity principle: for any p 2 X and any (A1 ; :::; An ) in the universal domain, where p 2 Ai for all i, p 2 = F (A1 ; :::; An ), hence :p 2 F (A1 ; :::; An ), b and so p = ::p 2 F (A1 ; :::; An ). Now Proposition 1 applies to Fb, and hence Fb is dictatorial. Claim 3 . F is inverse dictatorial. The dictator for Fb is an inverse dictator for F . Proof of Lemma 1. Let X and F be as speci…ed. To show that F is systematic, consider any p; q 2 X and any (A1 ; :::; An ); (A1 ; :::; An ) 2 Domain(F ) such that C := fi : p 2 Ai g = fi : q 2 Ai g, and let us prove that p 2 F (A1 ; :::; An ) if and only if q 2 F (A1 ; :::; An ). If p and q are both tautologies (f:pg and f:qg are inconsistent), the latter holds since (by collective rationality) p 2 F (A1 ; :::; An ) and q 2 F (A1 ; :::; An ). If p and q are both contradictions (fpg and fqg are inconsistent), it holds since (by collective rationality) p 2 = F (A1 ; :::; An ) and q2 = F (A1 ; :::; An ). It is impossible that one of p and q is a tautology and the other a contradiction, because then one of fi : p 2 Ai g and fi : q 2 Ai g would be N and the other ;. Now consider the remaining case where both p and q are contingent. We say that C is winning for r (2 X) if r 2 F (B1 ; :::; Bn ) for some (hence by independence any) pro…le (B1 ; ::; Bn ) 2 Domain(F ): with fi : r 2 Bi g = C. We have to show that C is winning for p if and only if C is winning for q. Suppose C is winning for p, and let us show that C is winning for q (the converse implication can be shown analogously). As X is path-connected and p and q are contingent, there are p = p1 ; p2 ; :::; pk = q 2 X such that p1 p2 , p2 p3 , ..., pk 1 pk . We show by induction that C is winning for each of p1 ; p2 ; :::; pk . If j = 1 then C is winning for p1 by p1 = p. Now let 1 j < k 12



and assume C is winning for pj . We show that C is winning for pj+1 . By pj pj+1 , there is a set Y X such that (i) fpj g [ Y and f:pj+1 g [ Y are each consistent, and (ii) fpj ; :pj+1 g [ Y is inconsistent. Using (i) and (ii), the sets fpj ; pj+1 g [ Y and f:pj ; :pj+1 g [ Y are each consistent. So there exists a pro…le (B1 ; :::; Bn ) 2 Domain(F ) such that fpj ; pj+1 g[Y Bi for all i 2 C and f:pj ; :pj+1 g [ Y Bi for all i 2 = C. Since Y Ai for all i, Y F (A1 ; :::; An ) by the unanimity principle. Since fi : pj 2 Ai g = C is winning for pj , we have pj 2 F (A1 ; :::; An ). So fpj g [ Y F (A1 ; :::; An ). Hence, using collective rationality and (ii), we have :pj+1 2 = F (A1 ; :::; An ), and so pj+1 2 F (A1 ; :::; An ). Hence, as fi : pj+1 2 Ai g = C, C is winning for pj+1 . Proof of Lemma 2. Let X be the preference agenda. X is minimally connected, as, for any pairwise distinct constants x; y; z, the set Y = fxP y; yP z; zP xg X is minimal inconsistent, where f:xP y; :yP z; zP xg is consistent. To prove path-connectedness, note that, by the axioms of our predicate logic for representing preferences, (*) :xP y and yP x are equivalent (i.e. entail each other) for any distinct x; y 2 K. Now consider any (contingent) p; q 2 X, and let us construct a sequence p = p1 ; p2 ; :::; pk = q 2 X with p j= p2 ; :::; pk 1 j= q. By (*), if p is a negated proposition :xP y, then p is equivalent to the nonnegated proposition yP x ; and similarly for q. So we may assume without loss of generality that p and q are non-negated propositions, say p is xP y and q is x0 P y 0 . We distinguish three cases, each with subcases. Case x = x0 . If y = y 0 , then xP y xP y = x0 P y 0 (take Y = ;). If y 6= y 0 , 0 0 0 then xP y xP y = x P y (take Y = fyP y 0 g). Case x = y 0 . If y = x0 , then, taking any z 2 Knfx; yg, we have xP y xP z (take Y = fyP zg), xP z yP z (take yP x), and yP z yP x = x0 P y 0 (take Y = fzP xg). If y 6= x0 , then xP y x0 P y (take Y = fx0 P xg) and x0 P y x0 P y 0 (take Y = fyP y 0 g). Case x 6= x0 ; y 0 . If y = x0 , then xP y xP y 0 (take Y = fyP y 0 g) and xP y 0 x0 P y 0 (take Y = fx0 P xg). If y = y 0 , then xP y x0 P y = x0 P y 0 (take 0 0 0 0 0 Y = fx P xg). If y 6= x ; y , then xP y x P y (take Y = fx0 P x; yP y 0 g).



13



























des documents recommandant







[image: alt]





Decentralized Aggregation Protocols in Peer-to 

Nodes use a reactive approach to reply by processing the query when a sender explicitly requests to compute an aggregate. A node uses the proac-.










 


[image: alt]





Aggregation equations 

May 23, 2018 - Possible Dirac masses creation. The velocity is not Lipschitz continuous, the characteristic method cannot be used. B. Fabr`eges. Aggregation ...










 


[image: alt]





Ethical Judgment of Agents' Behaviors in Multi 

grounds our ability to distinguish between good and evil. Morals can be distinguished from law and legal systems in the sense that there is not explicit penalties, ...










 


[image: alt]





PR - Chamber Judgment - HUDOC 

24 juin 2014 - ... supplÃ©mentaires sur le processus d'exÃ©cution sont consultables Ã  l'adresse suivante : http://www.coe.int/t/dghl/monitoring/execution.










 


[image: alt]





PR - Chamber Judgment 

27 nov. 2014 - Dans sa dÃ©cision en l'affaire Aboufadda c. France (requÃªte no 28457/10), la Cour europÃ©enne des droits de l'homme dÃ©clare, Ã  la majoritÃ©, la requÃªte irrecevable. Cette dÃ©cision est dÃ©finitive. L'affaire concerne la confiscatio










 


[image: alt]





PR - Chamber Judgment - HUDOC 

24 juin 2014 - informations. La Cour a jugé qu'en refusant d'exécuter ces décisions, les autorités nationales ont privé celui-ci d'un accès effectif à un tribunal.










 


[image: alt]





Aggregation and credit risk measurement in retail banking - Jean-Paul 

Basel II. â–«. Extended approach. â–« A case study in retail banking. â–« ... Portfolio structure credit line. EAD. PD. LGD correlation. 1. 14%. 0,1%. 60%. 16,7%. 2. 20%.










 


[image: alt]





PR - Chamber Judgment - HUDOC 

21 avr. 2015 - Au cours de sa dernière séance (lundi 20 avril 2015), le collège de cinq juges de la Grande Chambre a accepté le renvoi de deux affaires devant la Grande Chambre et décidé de rejeter 13 autres demandes de renvoi1. Les affaires qui ont 










 


[image: alt]





Category activation effects in judgment and behaviour - CiteSeerX 

priming can lead to contrast effects as well as assimilation effects in target ... judgment and behaviour ensued when the prime and target category were not.










 


[image: alt]





PR - Chamber Judgment - HUDOC - COE 

8 nov. 2012 - Josep Casadevall (Andorre), président,. Egbert Myjer (Pays-Bas),. Corneliu Bîrsan (Roumanie),. Alvina Gyulumyan (Arménie),. Luis López Guerra (Espagne),. Nona Tsotsoria (Géorgie),. Kristina Pardalos (Saint-Marin), juges, ainsi que de Sa










 


[image: alt]





The Zero Theorem 

Set in a future London, THE ZERO THEOREM stars double Academy Award® ... because it is so outside-of-the-box compared with the conventional genres that ...... We have an incredibly vibrant orange and pink sky; it's a fantasy South Pacific.










 


[image: alt]





Foundations of Aggregation Constraints 

database query languages, and in constraint logic programming languages ... We show how aggregation constraints on queries (i.e., query constraints involving.










 


[image: alt]





On the Issue of Aggregation in Information Retrieval - Semantic Scholar 

also strongly relying on the appropriate choice of an aggregation opera- tor. By this task a user query is separately evaluated by different search engines, each ...










 


[image: alt]





VAGUE JUDGMENT - Paul Egre 

I rely in particular on the understanding of the notion of criterion in signal .... the distinction between statistical vs. normative comparison points. ..... relevant input unit at the psychological level need not be the same as the one in which the










 


[image: alt]





Automatic Analysis of Author Judgment in Scientific Articles Based on 

In this paper we describe how the annotation method- ology adopted in our approach allows us to explain the organization of indexed references in scientific ...










 


[image: alt]





Fermats Last Theorem - Beweis 

a, b, c, n with n > 2 such that an + bn = cn. ..... primes qi â‰¡ 1 mod pni with ni â†’ âˆž as i â†’ âˆž. .... and ni â†’ âˆž as i â†’ âˆž that I used to achieve the limiting process.










 


[image: alt]





Applied Earthworm aggregation in the Savannas of Lamto ... - CiteSeerX 

to describe the pattern at the field scale. Finally, the possible relationships between the aggregation index and the main biological parameters that determine.










 


[image: alt]





Decentralized aggregation protocols in Peer-to-Peer ... - Rafik Makhloufi 

based and hybrid protocols. ... An informed ag- gregation protocol ... an hybrid approach that uses a gossip dissemination over a tree structure. Bawa et al.










 


[image: alt]





Projection and Aggregation in Maxplus Algebra - Jean-Pierre Quadrat 

instead of a ring. Example 2. Rn max is an ..... K.H. KIM (1982), Boolean Matrix Theory and Applications, Macell Dekker, New. York. 12. J.G. KEMENY, J.L. ...










 


[image: alt]





Investigation of helium interstitials aggregation in ... - Laurent Pizzagalli 

Dec 20, 2014 - platelets or bubbles, depending on the experimental conditions. [1â€“5]. ... 3a0 Ð’ 3a0 Ð’ 3a0 supercell, a0 being the lattice constant of silicon, periodically ..... the stability of noble gas atoms in interaction with vacancies in si










 


[image: alt]





A formal theorem in Church's theory of types 

forward-error correction [41, 162, 46, 165, 33,. 129, 67, 17, 182, 105, 27, 160, 46, 64 .... ing system and the codebase of 30 SQL files must run on the same node.










 


[image: alt]





Independence of Variations to Kruskal's Theorem in ... - Floris van Vugt 

Jun 10, 2005 - from ACA0 of four propositions that were set out by Smith[2]. The propositions ...... ness of G, it must be that ACA0 âŠ£ CWF(Ï‰n). Due to the ...










 


[image: alt]





Coupling data assimilation and sequential aggregation 

Mar 25, 2010 - equal to the mean quadratic error of the aggregated forecast. In particular, the ..... quadratic difference in equation (8). Other losses can be.










 


[image: alt]





PR - Chamber Judgment - HUDOC - Conseil de l'Europe 

18 nov. 2014 - que l'arrÃªt de chambre devienne dÃ©finitif ou qu'une nouvelle dÃ©cision soit rendue. Le 17 novembre 2014, l'affaire a Ã©tÃ© renvoyÃ©e devant la Grande Chambre Ã  la demande du requÃ©rant. A.B. c. Suisse (no 56925/08). Le requÃ©rant A.










 














×
Report Arrowjs theorem in judgment aggregation .fr





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



