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Abstract

In economics the main efficiency criterion is that of Pamgtimality. For prob-
lems of distributing a social endowment a central notionariiiess is no-envy (each
agent should receive a bundle at least as good, accordirgg twim preferences, as any
of the other agent’s bundle). For most economies there altgphelallocations satisfy-
ing these two properties. We provide a procedure, basedstribditional implications
of these two properties, which selects a single allocatibithvis Pareto-optimal and
satisfies no-envy in two-agent exchange economies. Theauessraightforward gen-

eralization of our procedure to more than two-agents.



Recursive no-envy

In the economics literature on fair allocation one centility concept is no-envy
(Foley 1967), each agent should receive a bundle at least@a gccording to her own
preferences, as any of the other agent’s bqulStarting with Varian (1974) different
allocation rules have been proposed which select envyaineeefficient allocations in ex-
change economi&()ne proposal which selects an envy-free allocation is bynmeéan
iterative procedure based on partial assignment of mo&tmpeel allocations within the set
of envy-free allocations (Baumol 1982). Unfortunatelysghrocedure may fail to select an
efficient allocation (Philpotts 1983). We propose a modiioato Baumol’'s (1982) pro-
posal, based on partial assignment of most preferred éilbmsawithin the set of efficient
and envy-free allocations, and show that under mild comafitiit selects an efficient and
envy-free allocation for two-agent exchange economies.

Our rule is based on strengthening the no-envy conditionrgtarsive manner. First,
we define théminimal right of each agent’as the minimal amounts of commodities that
she receives at any envy-free and efficient allocation. Ti@al members of society agree
that an envy-free and efficient allocation should be setk¢tey implicitly agree that each
agent should receive at least her minimal right and we cagratisese to each agent. Once
minimal rights have been assigned we can focus on distnigutie resources remaining
after such assignment. Then, it is only natural to try toritigte these resources in an
envy-free and efficient way; but then we can apply the samenaegt calculate minimal
rights, assigned them and proceed recursively until mihiights are zero. We show that,
for two-agent economies, (i) assigning to each agent heimrmairright guarantees that the
final allocation will be envy-free, and (ii) iterated assigent of minimal rights process
leads to an (envy-free and) efficient allocation.

This resultis in contrast with some previous results in #iedllocation literature where

a society may start from an inefficient envy-free allocatiengage in “envy-free trades”,

When an allocation satisfies no-envy we say that it is an éragallocation.
2For a survey of the fair allocation literature see Thoms@0@.



and end up in an efficient allocation where there is envy (Raldand Kirman 1974). This
result shows that sometimes “adding” to an initially failoahtion a fair transition, where
the same notion of fairness is applied to the initial statktae transition, leads to an unfair
final result. In our procedure this is not the case, we carktbireach agent receiving her
minimal right as a transition principle and our results shbat recursively applying this
transition principle leads to a fair final outcome. Each agéarts receiving nothing, which
is a fair envy-free initial state; then, at each step of therpss each agent receives a her
minimal right which defines an envy-free allocation (thus,agent could object to such
assignment on the basis of envy) and is a fair transitionth®n, the cumulative amounts
received up to that step define a new initial state which wevsihas envy-free in the
original economy and thus a fair initial state to which we agply the transition principle,
our results show that in the limit we obtain a fair and effitiaitocation.

The idea of distributing each agent’s minimal rights andaiti@g this procedure until
the entire endowment is assigned to the agents resembledethef a gradual process
which is already present in the bargaining literature. Teaiof gradualism in bargaining
firstly appear in the seminal paper of Admati and Perry (19®re recently, Compte and
Jehiel (2003) presents a model in which gradualism deriras feciprocal concessions
that agents make under the threat of inefficient terminaiption. For cake division prob-
lems Nicolo and Yu (forthcoming) propose, in a fair divisigame, an iterated version of
the divide and choose rule, previously analzyed by Crawf®@d7), in which an envy-free
and efficient allocation is reached after a step by step poee

Our procedure can also be interpreted as a non-manipujabflia distribution rule
with respect to assignment of minimal rights. Since botm#gyagree that the other should
receive her minimal rights, when faced with a specific disttion problem an arbitrator
can decide to apply a distribution rule directly, or to firssign to each agent her minimal
right (over which there is no conflict of interest) and theplgghe rule to the remaining

resources. In order to avoid manipulability of the proceditris desirable to ask that



the rule selects the same allocation no matter which of theseoptions the arbitrator
chooses; itis easy to see that our rule is the only rule wtatikfges this non-manipulability
property. In bakruptcy problems this invariance propestwidely accepted (Aumann and
Maschler 1985) it says that a rule should recommend the saarela when applied directly
to a problem, or first assigning minimal rights and then aggpto a reduced problefnin
bankruptcy invariance under minimal rights does not selesihgle award vector since in
the second step minimal rights are not posifive.

The fact that our rule selects an efficient allocation is wigt by considering only
efficient allocations when defining minimal rights, it can dgpeneralized for more than
two agents. The fact that it selects an envy-free allocasabtained by noting that, for
two-agent economies, no-envy can be simplified to compagaah agent’'s bundle with
the remaining resourc@sand then, assigning minimal rights in the first step guaeste
no-envy of the final allocation. For economies with more th&o-agents this reasoning
fails, envy (or lack of envy) by one agent depends not only tiatvghe receives but on
the distribution of the remaining resources among the reimgiagents; moreover, after
assigning minimal rights in the first step, envy may ariserafistributing the remaining
resources in the economy.

The paper is organized as follows. The next section conthi@snodel, Sectionl 2
contains the results for two-agent economies, and in Sediwe conclude and discuss

some possible extensions for economies with more than tentag

3In bankruptcy an agent’s minimal right is given by the amaaifrthe resource not claimed by the other
agents,

4The invariance property has been studied applied to othesmsoof rights by Dominguez and Thomson
(2006) and Dominguez (2007) and found that for some prigsattdoes select a single award vector.

SEfficiency implies that all the resources are distributedagihe agents.



1 The model

There is asocial endowmentQ € RT, of M = {1,...,m} commodities to be distributed
among a seN = {A B} of agentg Each agent can consume non-negative amounts of
each commodity, for each agent N her consumption setis X; = RT. We refer to
agenti’s vector of consumptiow; € X; as herbundle. Each agent € N has a continu-
ous, strictly monotonic, and strictly convex preferendatien R, over her consumption
set] We assume that preferences satisfy the followdegreasing marginal rate of sub-
stitution condition: Letx,X € X; such thak # X', andx # X andx £ X, let pandp’ denote
any supporting prices of the upper contour setR afx andx’' respectively. Then, for each
commodity j,k € M, such thaixj; > x’j andx, < X, the relative prices between commod-
ity j andk satisfy,% < %i The set of all such preferences is denofed A profile of
preferencesis R= (Ra,Rg) € R 2, aneconomyis a pair(R,Q) € £ = R? x RT,..

An allocation x = (xa,Xg) € XjenX; assigns to each agent a bungec X;. The set
of all possible allocations is denoted= xicnX;. An allocationx € X is feasiblefor the
economy(R Q) if $icnX < Q, thatis, the aggregate endowment is enough to assign to each
agent her bundle. For each econo(®/Q) € £ we denote its set of feasible allocations
Z(R,Q). A feasible allocatiorx € Z(R Q) is efficient for the economyR, Q) if there is
no feasible allocation’ € Z(R, Q) such that, for eache N, X' R; X, and for some € N,
X P x;. For each economfR, Q) € £ we denote its set of efficient allocatioR§R, Q). For
each ageni € N the projection of the se€®(R, Q) onto her consumption space is denoted

P.(R,Q)H it consists of all bundles; € X such tha(x;, Q — ;) € P(R, Q) 19

5The sefR, is the set of non-negative reals and thelet is the set of positive reals. Vector inequalities:
x2y < foreachie N, x >yi. x>y & x=yandx#y. x>y < foreachi € N, x > V.

"Given a preference relatid® we denote strict preference Byand indifference by.

8Even though decreasing marginal rates of substitutioesthiat the greater-than relation between rel-
ative prices of commodity in terms of commodityk is independent of the consumption levels of other
commodities, the level of the relative prices may dependerconsumption levels of other commodities. A
sufficient condition for preferences to satisfy decreasiagginal rates of substitution is that preferences are
both convex and homothetic.

9Throughout the paper we use the following notation: Giveetao$ allocationsS c X, the set§ C X;
denotes the projection &onto agent’'s consumption space.

1O9Note that by strict monotonicity of preferences if an allmais efficient it distributes the social endow-
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An allocationx = (Xa, Xg) satisfieqno-envy (or is envy-free) for the economyR, Q) if
each agent is at least as well off consuming her bundle thasurning the other agent’s
bundle, that is, for each j € N, x; R xj. For each econom§R Q) € E we denote its set
of envy-free allocation& (R, Q). The set of envy-free and efficient allocations is denoted
PF(R, Q) and consists of the intersection of the #8{R, Q) andF (R, Q).

We are interested in recommending to each economy an atlac#n allocation rule
(orjust arule) ¢ : £ — Z(R, co) is a function from the set of economies into its set of
feasible allocations. A rule is efficient if for each econoihyecommends an efficient

allocation, it satisfies no-envy if for each economy it recoamds an envy-free allocation.

1.1 Preliminaries

We now provide some preliminary results on envy-free andiefit allocations. Our first

result is well-known in the literature and was shown by Ma(&974

Remarkl. For each R, Q) € ‘£ the set of envy-free and efficient allocations is a non-empty

and closed set.

Given decreasing marginal rates of substitution, startiogn an efficient allocation
and moving to another feasible allocation in which each agbtains a bundle which is
no larger nor smaller than her original bundle each of theegesupporting prices move
opposite directions. Thus, the new allocation can not beieffi and each agent’s set of

efficient bundles defines an increasing curve in consumgpace.

Remark2. For each(R,Q) € , the efficient set defines an increasing curve in the Edge-
worth box, that is, if two distinct allocationsa,Xs), (Xx,Xg) € P(R,Q) then, either (i)

Xa > Xy, OF (i) Xa < Xj.

ment fully.

Lwe ask that a rule selects a single feasible allocation, ossibility for generalizing our results to more
than two agents is to consider allocation correspondences.

2For economies without production the Walrasian rule oger&iom an equal distribution of the endow-
ment leads to an envy-free allocation (since all agents flaeesame budget set), and by the first welfare
theorem this allocation is also efficient.



Proof. Let (R Q) € E, and by contradiction assume that there ex{gtsxg), (Xa,Xg) €
P(R Q) such thatxa # X, andxa £ X,. Let p,p’ € RT, denote some supporting prices
of Ra atxa andx, respectively, andj,q € R, be supporting prices dig atxg andxg
respectively. Sincéxa,xg) and (xj,xg) are efficient, we can find supporting prices such
thatp=qandp' =¢.

First we show that the relative prices between any two conitiesdhat move in op-
posite directions fronxa to X, remain the same. Lgtk € M be such thakaj > x,; and
Xak < Xa- By efficiency the full endowment is consumed, hence we haye< xz; and
Xk > Xg,. By decreasing marginal rates of substltutlghg p,' and q’ < by efficiency
we know thatgl = L and ;,‘( = q—l’( Thus, it has to be thal — ;‘( = 3:( = %

Now we show that the relative prices between any two comnesdihat move in the
same direction fronxa to X, remain the same. Ldt| € M be such thakak > X, and
Xal > Xy Let j be such thakaj < X,; (suchj exists sincexa 7 X, andx, 7 xa). By the
previous steg) = Ef]( and ft = SJ;. Multiplying both equations we ge: — %.

Hence, supporting prices & atxa andx), are the same, that = p'=q=(.

Finally, letXx € box(xa,X,) be such thaky # xa andxj Ia xA Suchxj exists by
continuity of preferences. By decreasing marginal ratesibgtitution and using the same
argument as above moving fraxfj to xa andx), respectively lead to changes in supporting
prices in weakly opposite directions; but given the equalftsuch prices remain constant.

Thusxa Ia X3 and supporting prices d®a at x; andx, are the same, which contradicts

strict convexity of preferences. 0J

2 Envy-free and efficient minimal rights

Given an economyR, Q) no-envy and efficiency restrict the bundles that each agamt ¢

receive. For each agemtc N, the set ofpotential envy-free and efficient bundles

13For eachx, X' € RMM the sethox(x,x') = {y € RM : for eactj € M, min{x;, x|} <y;j < max{xj,X;}}.



Figure 1:Minimal rights. The minimal rights of each agenare denotedr. Given decreasing marginal
rates of substitution the Pareto set defines an increasivg suthe Edgeworth box. Each agent is indifferent
between consuming her minimal right and the remaining resourcés — m;). Each agent’s minimal right
is part of an efficient allocation.

PR(R,Q), consists on all bundleg € X; such that(x;,Q — x) € PF(R, Q). Each bun-
dle x; € PR(R, Q) requires different amounts of each commodity, thi@imal rights of
an agent are given by the minimum amounts of each commoditystie receives at any

envy-free allocation (see figuré 1).
Definition 1. For eachR, Q) € £, eachi € N and eactk € M,
i. Agenti’s minimal right of commodity k is my (R, Q) = inf{x : there existx_y €
R, (%) € PR(RQ)}.
ii. Agenti’'s minimal rights arem;(R, Q) = (Mk(R, Q) )kem-
iii. The economy'sminimal rights arem(R, Q) = (Mm(R, Q))ien.

Itis easy to see that for each economy its minimal rights defmenvy-free and feasible
allocation. As the next proposition shows, for each agematatlocation which assigns to
that agent her minimal rights and the remainder to the othentais an envy-free and

efficient allocation (see Figute 1).

Proposition 1. For each(R, Q) € £ and each i N, the allocationm;(R, Q),Q—m(R, Q)),

is envy-free and efficient.



Proof. Let (R,Q) € £ andi € N. We need to show thai (R, Q) € PR(R, Q).

For each commoditk € M there exists a sequence of bund{e§ }ney € PR(R Q)
such thatg, — my (R, Q). Let X(k) be the set of elements of such sequence an let
Ukem X(K). By Proposition P the efficient set defines an increasingeuherefore, we can
order the elements of in a decreasing sequence,{&f } ,cy be such decreasing sequence.
Then, for eacn € N, X" € PR (R Q) andX" — m(R Q). Since the sePFK (R, Q) is closed
thenm (R, Q) € PR(R, Q). O

The intuition behind Proposition 1 is simple: since the efit set defines an increasing
curve in the Edgeworth box, agerrg minimal rights of each good are obtained from the
same allocation, and therefore are part of an efficient amg-#ae allocation.

The next corollary is one of the main results of the paper. dfagsign to each agent
her minimal rights then, no matter how we distribute the r@mg resources, we obtain an

envy-free allocation.

Corollary 1. For each(R,Q) € £ and each x Z(R Q), if x > m(R, Q) then xc F(R, Q).
Proof. Let(R Q) € Z,i € N, andx € Z(R, Q) such thak > m(R Q). Sincex € Z(R,Q), by
Proposition lLx; < Q —x. Moreover, since; > mi(R, Q) thenx; < Q —m(R, Q). Hence,

X Rm(RQ)R (Q-m(RQ)) R Xj.

Thus, for each € N we havex; R x;j, and thereforex € F(R, Q). O

The next corollary shows that, if in the economy there is atpesamount of resources,

each agent’s minimal rights are positive.

Corollary 2. For each(R Q) € E with Q > O and each i N, m(R,Q) > 0, moreover

for each i€ N there exists a commoditykM such that (R, Q) > % > 0.

14 The notatiorQ > 0 is used folQ > (0, ...,0).



Proof. We show thatn(R,Q) =0= Q =0.

Let (R,Q) € £, andi € N. By Propositiori L we havei(R, Q) R (Q —m(R Q)).
Suppose thahy (R, Q) = 0, then, OR; Q. By monotonicity of preferenceQ = 0.

To show that there exists a commodit¥ M such thamy (R, Q) > % > 0, assume by
contradiction that for eack € M with Qx > 0, mk(R, Q) < % Thenm (R, Q) < % and
by monotonicity of preferences the agent would prefer conisg the remaining resources

(Q—-mi(R Q)) R m(R Q) contradicting the conclusions of Propositidn 1. O

If no-envy and efficiency are normative criteria shared btghlagents then, in order to
satisfy these two normative criteria, each agent mustvecat least her minimal rights.
Moreover, no matter how we distribute the remaining resesirassigning to each agent
her minimal right guarantees an envy-free distributionnég a natural way to select an
allocation is to assign the minimal rights and then distelithe remaining resources. The
remaining resources along with the agent’s preferencesloe@emaining resources define
a new economy, if the minimal rights of this economy are pasit is only natural to assign
them and iterate the process until minimal rights are zerthé next section we study such

procedure.

3 A selection form the no-envy and efficient set

After assigning to each agent her minimal rights the remginiesources are given by
(Q-Sienm(R Q)) € RT, and the preferences of each agent over these remaining re-
sources are the restriction of her preferences over buddiesnating her minimal rights.
The remaining resources, and the iomplied preferencessdefiaduced economy (see Fig-

urel2).

Definition 2. For each economfR, Q) € E theminimal rights reduced economy(or just

reduced economyr™(R Q), is the economyR', Q') € £, where:
() Foreach € N and eachq,x € X we havex R X < (xi+Vi) R (X+m(R Q)).

10
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Figure 2: Minimal rights reduced economy. The economy’s minimal rights are given kg, mg).
After assigning minimal rights we define the reduced econgign by the boxtfi, mg) and the implied
preferences over the remaining resources.

(i) & =Q-Fieym(RQ).

After assigning minimal rights, any efficient allocationtime reduced economy will
also be an efficient allocation in the original economy. Tikaif an allocation is efficient
for the reduced economy then, after summing to each agemtgl® her minimal rights,

we obtain an efficient allocation for the original economy.

Proposition 2. For each(R,Q) € ‘£ an allocation xc P(r™(R,Q)) if and only if the allo-
cation(m(R, Q) +x) € P(R, Q).

Proof. The fact that if(m(R,Q) +x) € P(R,Q) thenx € P(r"™(R,Q)) is straightforward.
We show the converse holds.

Let (R Q) € £, (R,Q) =r(R Q), andx € P(R,Q’). By contradiction assume that
(x+m(R Q)) ¢ P(R, Q). Then there exists an allocatighe P(R, Q) which Pareto-dominates
(x+m(R,Q)) according to the preference proffRe By definition ofQ" we havey (X —
m(R,Q)) = Q’, then, if for each € N (X —m(R,Q)) >= 0 the allocation i$xX —m(R, Q))
is feasible in the reduced economy, and since by assumgti®areto-dominateéx +
m(R, Q)) according to the preference proffe (X — m(R,Q)) Pareto/dominatesaccord-

ing to the preference profil®, but this contradicts the fact that P(R',Q’), hence there

11



exists an agent € N and a commoditk € M such thak., < mi(R, Q). By Propositiof L
m+(R, Q) € R«(R, Q) and by assumptioK. € P«(R Q); then, by Remarkl2, we have that
m+ (R, Q) > X,;, and by monotonicity of preferencés + m-(R,Q)) P+ X; contradicting
the assumption that the allocatigrPareto-dominates the allocaticrd- m(R, Q)). Hence,
(x+m(R,Q)) € P(R Q)

U

The intuition behind the proof is the following: if an alld@@n X is efficient in the
reduced economy and the sum of the allocation with the mihiights (Xo + m) is not
efficient in the original economy, it must be Pareto-donmedaty an allocatiorx; outside
the Edgeworth box of the reduced economy. Since the effisentiefines an increasing
curve in the Edgeworth box, the allocatigngives to at least one agent a bundle smaller
than her minimal rights, but this contradicts tlaPareto-dominatesg + m).

Once we assign to each agent her minimal rights, how shoulasaign the remaining
resources? If there is a positive amount of resources rengaiminimal rights of the
reduced economy are positive hence, a natural way of prougesto assign to each agent

these new minimal rights and further reduce the economyitarate this procedure.

Definition 3. For each(R,Q) € £ and eachk € N we define the th&k-envy-free and

efficient minimal rights (or k-minimal rightg are defined recursively by:

m(R Q) =m(R Q)+ m(r™(R,Q)). fork=1.

m(R,Q) =m YR Q)+ m(rmkl(R,Q)) fork > 1.

Since minimal rights are positve, from Corolldry 1 we knowattfor each agent the
allocations assigning to the agent kaninimal rights and the remainder to the other agent

are envy-free, now we show that these allocations are dicteet.

Proposition 3. For each(R, Q) € ‘£, each ic N, and each k N, the allocation(m¢(R, Q), Q —
m(R Q)) is envy-free and efficient.

12



Proof. For eachj € N let (RI,Q}) = r™ (R Q). LetK € N, by Propositiorill applied to
the economy(RX, QX) we know that(m;(R¥, QX), (QK —m(RK,QK))) is efficient for the
economy(R¢, Q).

By Propositior 2 we have thatm (R<-1, QK1) + my(R, QK)), (m;(RC-1, QK1) +
QK — m(RX,QK))) is efficient for the economyR<1,Qk-1). Repeated application of
Propositio 2 we have thag'" ; m (R, QJ),Q— 5% ; m(RI,Ql)) is efficient for the econ-
omy (R, Q), but by definition of thé&-minimal rights we have thdm€(R Q),Q—m(R Q)).

Since minimal rights are positive the allocation (R, Q), Q —mK (R, Q)) > (m(R,Q), mj(R, Q)),
by Corollary1 the allocatiotm(R, Q), Q — m(R, Q)) is envy-free. O

Letting the process of assigning minimal rights continueolB&ain an increasing se-
guence of feasible allocations, thus it has a limit. Thigtlidefines the recursive minimal

rights:
Definition 4. For each(R,Q) € £, therecursive envy-free and efficient minimal rights
(or justrecursive minimal rightsare given by:

M(R,Q) = lim m‘(R Q).

k—s 00

Our main theorem shows that, not only does the results ofd2ipn[3 hold in the

limit, but the recursive minimal rights define an efficieribaation.

Theorem 1. Recursive assignment of minimal rights selects an effia@edtenvy-free al-

location.

Proof. Let (R,Q) € .

First, we show that at the allocatidd(R, Q) all the resources are distributed, that is,
TienMi(R Q) = Q. For eachk € N, let (R, QK) = r™(R Q)), we need to show that
QK — 0. SinceQX = QK15 m;(r™ (R Q)) it defines a decreasing sequence of

non-negative vectors and it has a limit. Moreover, by Cargl2 minimal rights are pos-

13



itive and for each € N we must haven(rmkfl(R,Q)) — 0. By Corollary(2 there exists a
commodityl € M such thatmy (R, Q%) > %l‘ but these two conditions imply thet, — 0.
Now we show thaM (R, Q) is envy-free and efficient. Letc N, by the previous step
M(R Q) = limy_.(m(R,Q),Q—mK(R Q)). By Propositiofi 3 for eackc N, (m¢(R,Q),Q —
m(R Q)) € PF(RQ), and since the set of envy-free and efficient allocation dset,
M(R Q) € PF(R Q). O

The intuition behind the proof of the main theorem is stréfigiward: Since thek-
minimal rights are converging to the recursive minimal tgglthen the minimal rights of
the k-reduced economy must be converging to zero. Then, by Goy@ll the endowment
of the reduced economy must be going to zero, thus the rgeursnimal rights distribute
the entire resources. Now, since for e&ehN assigning to one agent hieiminimal rights

and the remaining resources to the other agent is envy-ficceféicient, then so is the limit.

4 Conclusions

For most economies there are many envy-free and efficieotatlbns. We provided a
procedure which selects a single such allocation by sttengig the concept of envy-free
in a recursive manner. In this paper our focus is not strateigd we do not deal with the
implementation problem; we offer a solution concept in iaritiee step by step procedure is
justified on a normative ground. For a given economy effigyeanad envy-free properties
identify a set of allocations. Hence, even if agents agrehemeed for the final allocation
to be efficient and envy-free, still they have the problemedésting one allocation in this
set. Our solution is parsimonius in that it does not rely andlgent’'s name or reference
situations and it is only based on a logical consequence @ftagfairness concern: if
agents agree on evaluating as socially desirable the pgrepef efficiency and envy-free,
they cannot dispute over the amount of resources which iswnad by each agent in all

efficient and envy-free allocations. Therefore, they sti@i$o agree on distributing this

14



minimum amount, since it is a necessary condition for thesearoperties being satisfied.
If agents do only agree on the normative relevance of theeabwntioned properties, they
can uprightly dispute on how to distribute any additionalbamt of resources. However,
once these minimal rights are distributed, the economy hasged and now agents may
agree on solving this new problem as they did before.

Generalizing our solution to economies with more than twendg has two main prob-
lems. First, envy-free is no longer defined by comparing vamagent consumes to the
remaining resources, but depends on the distribution oféh®aining resources among
the rest of the agents. This problem can be solved by askirep&ev no-envy requirement
based on an agent not envying the average amount of resabiatéise others receive. Sec-
ond, is that for more than two agents the Pareto set no lorgerithes an increasing curve,
and when defining minimal rights we can proceed in two wayst, fiyy selecting alloca-
tion which are minimal in terms of welfare (but then there rbaymultiplicity problems or
we run into non-anonymous selections); second, by usingdhee definition of minimal
rights in terms of commaodities, but then we cannot guaratheefficiency or envy-free of
the selcted allocation. In many economic applicationshssceconomies with quasi-linear
preferences, division of indivisible goods with monetagnsfers (i.e. auction settings), or
cake division problems, the Pareto set is well structureamy number of agents, in these

settings our procedure can be generalized to acomodateagengs.
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