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Abstract

In this paper we propose a concept of coalitional fair allocation in order to solve the tension
that may exist between efficiency and envy-freeness when the equity of allocations is evaluated
at the interim stage and agents are asymmetrically informed.
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1 Introduction

The problem of a fair distribution of resources among agents has been widely investigated and many
notions of fair allocation have been adopted to evaluate equity. Since Foley [3], one of the most
extensively studied concept is the one according to which an allocation is fair if it is envy-free and
efficient. Under an analysis conducted on the individualistic level, an allocation is said to be envy-
free if each individual prefers to keep his bundle rather than to receive the bundle of some other
agent. Stronger notions of equity require that bundle comparisons are allowed between groups of
agents and lead to coalitional fairness notions. Varian [9] introduces the concept of coalitional fair
(c-fair) allocations attributing it originally to Vind [10]. Gabszewicz [4] also introduces c-fairness
under a slightly different base. An allocation is c-fair if no coalition envies the aggregate bundle,
and this is Varian’s definition, or, and this is Gabszewicz approach, the net trade of some other
coalition. It comes out that c-fair allocations are Pareto optimal.

At the individualistic level, it is known that in a pure exchange economy fair allocations always
exist (see Theorem 2.3 in [9]). This is so simply because any competitive allocation that results from
an equal sharing of the total initial endowment is fair. On the other hand, also c-fair allocations
do always exist. Moreover, despite of differences due to technical requirements about the measures
of potentially envious coalitions, c-fair allocations introduced in both papers [9] and [4] provide
a complete characterization of competitive market equilibria (see also [12] and [14] for analogous
results).

Envy-freeness may be incompatible with efficiency when production is allowed as well as agents
are asymmetrically informed at the time of contracting. Recent papers by de Clippel [2] and Gajdos
and Tallon [5] exhibit the tension between the concepts of envy-freeness and efficiency in models
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that explicitly encompasses uncertainty. The incompatibility may occur if the allocation is judged
before or after the realization of uncertainty, as well as according to an interim stage evaluation.

The aim of this paper is to identify the coalitional fairness notion a la Gabszewicz as a suitable
criterion to evaluate allocations on an equitable basis when agents are asymmetrically informed.
As in [11], we assume that the true state of nature is commonly known at the time of implementing
the contracts, focusing on interim fairness notions. The straightforward extension to differential
information economies of the c-fairness criterion introduced by Varian cannot serve the same pur-
pose since, when uncertainty is involved and agents are asymmetrically informed, a fair allocation
(and, a fortiori, a c-fair one) may not exist, as shown by de Clippel [2].

Therefore, we extend to our context the coalitional fairness notion introduced by Gabszewicz
[4], so that an allocation is qualified c-fair if it is not possible to find an alternative allocation such
that in each state of nature a coalition of agents can redistribute among its members the net trade
of a disjoint coalition and each of them, using his own private information, is better off. Our main
result shows that this set of c-fair allocations is non-empty.

We do it by proving that c-fair allocations of a differential information economy correspond to
c-fair allocations of an auxiliary Arrow-Debreu exchange economy with uncertainty and symmet-
ric information. Agents of the auxiliary economy are defined adapting the idea used by Harsanyi
[7] to define Bayesian games. A type-agent is a couple (¢, E), where ¢ is an agent and F is an
event of his information partition. The future state of the fictitious economy is uncertain, but
each type-agent has no private information. Moreover, since contracts are contingent on the future
state of the economy, standard Arrow-Debreu equilibrium notions can be applied. We adapt this
representation in the framework of mixed markets. We prove that there is a natural correspondence
between the original and the auxiliary economy. A correspondence that preserves c-fair allocations
and constrained market equilibria. This allows us to conclude that the set of c-fair allocations is
non-empty, since it contains the set of constrained market equilibria. This inclusion may be strict
in general and becomes an equivalence under additional assumptions.

The paper is organized as follows. In Section 2 we present the model, describe main ideas and
state our results. Proofs are collected in the final section.

2 Coalitional fairness in differential information economies

We consider an exchange economy & with uncertainty and differential information. Uncertainty
about nature is, as usual, depicted by means of a probability space (2, F,7), where Q is a finite
set representing all possible states of nature. The set of all the events is given by the field F; while
the common prior 7 describes the relative probability of the states. We assume, without loss of
generality, that m(w) > 0 for each w € Q.

There is a finite number of private goods, so that the commodity space is IRﬂ.

As in Gabszewicz [4] we refer to mixed markets by considering a complete, finite measure space
(T, T, ) as space of agents. T is the set of agents, 7 is the o-field of all eligible coalitions, whose
economic weight on the market is given by the measure pu. An arbitrary finite measure space of
agents makes us deal simultaneously with the case of discrete economies, non-atomic economies as
well as economies that may have atoms. Indeed, discrete economies are covered by a finite set T
with a counting measure p. Atomless economies are analyzed by assuming that (7,7, ) is the
Lebesgue measure space with 7' = [0, 1]. Finally, mixed markets are those for which 7" is composed



by two sets: Ty and 17, where Tg is the atomless sector that describes an ocean of uninfluential
agents and 77 a set of atoms.
Fach agent ¢t € T is characterized by:

- A private information field F; generated by a partition II; of €. The interpretation is usual:
if the prevailing state is w, agent t observes the unique element II;(w) of II; containing w
or, in other words, he is informed that the prevailing state is in the event II;(w). His beliefs
are described from 7 by Bayesian updating. Agents may be not equally informed concerning
the true state of nature when they write contracts, but when consumption takes place, the
realized state of nature is commonly known. Since (2 is finite, there exists a finite collection
{I;}iequ,...,ny of partitions of the set Q. For eachi € {1,..., N}, let T'(i) = {t € T': II; = II;}
be the information type set. T'(7) is assumed to be measurable and of positive measure!.

- A state-dependent utility function representing his preferences:
up ) X lRf_ — IR
(w,a:) - Ut(W,CL')-

We assume that for all w, u;(w,-) is strictly increasing, continuous and concave, and the
mapping (t,z) — u¢(w, z) is 7 ® B-measurable, where B is the o-field of Borel subsets of ]Rﬂ.

- An initial endowment of physical resources represented by the function
er: Q) — ZRﬂ_
Thus, summing up the economy £ is modeled by the following collection:
E={(Q,F,m); (T,T,p); RYy; (Fooup, eq)per }-
Decisions are taken today about the way to redistribute the endowments when the state will be

common knowledge. Therefore, incentive and measurability constraints are irrelevant.

An allocation is a function z : Q x T — IR, such that z(w,-) is integrable for all w € Q. If, for

each w € Q,
/ xp(w)dp < / er(w)dp,
T T

then the allocation x is said to be feasible.
Given an event F, the interim expected utility of agent ¢ for some allocation = conditional on
the event F is given by
Vi(zd B) = 3 w(w, 2 (W) (W] E) = Y ut(w,xt(w));r((g)).

we weE

Definition 2.1. A feasible allocation y Pareto dominates an allocation x if almost all agents, given
their own private information, prefer y over x in each state, i.e.,

Vi(ye [ (w)) > V(2T (w))

for almost allt € T and each w € .

!This assumption implies that the following correspondence has measurable graph: II : T — 27 defined by
I(t) = ;. It means that the set G = {(¢,€) : £ € II;} belongs to the product o-algebras 7 ® B(2%), where B
denotes the Borel o-algebra.



A feasible allocation is efficient (or Pareto optimal) if it is not Pareto dominated by any other
feasible allocation (for a similar definition see [13]).

The two notions of coalitional fair allocations of Varian [9] and Gabszewicz [4] differ for what
follows: Varian requires that a c-fair allocation must be such that no coalition envies the aggregate
bundle of any other coalition of the same or smaller size. According to Gabszewicz’s definition,
different groups of agents compare their net trades without any requirement on the measure of the
potentially envious coalition. In both cases, differently from individual fairness, the efficiency is
implicitly satisfied, and the existence is guaranteed under standard assumptions.

To the best of our knowledge, coalitional fairness of allocations has not been widely studied in
economies involving uncertainty and asymmetric information?. Our goal is to address the following
question: do coalitional fair allocations still exist when agents are asymmetrically informed?

Consider first the natural extension to differential information economies of the Varian c-fair
notion according to which we agree that an allocation z is c-fair if it is efficient?® and also envy-free
in the sense that it is not possible to find an alternative allocation y such that, for each state w € €2,
there exist two coalitions Sj(w) and Sz(w) for which

i) p(Si(w) = p(S2(w))
(17) te S (w) = te S (W) for all ' € Iy (w)
(131) Vi(ye | (w)) > Vi(e| e (w)), for almost all ¢ € S1(w)

@ | e [ ww)du

Sa(w)

with p(S1(w)) > 0 in at least one state of nature.

For each state of nature w € €2, S1(w) may be interpreted as the coalition which envies at state
w the aggregate bundle of the coalition Sa(w). Thus, it is natural to require that if ¢ € S;(w) for
some state w, that is t is envious in state w, then ¢ is also envious in each state that he cannot
distinguish.

Obviously, in the case of perfect information, the above definition reduces to the standard one
given by Varian [9]. Moreover, an allocation with all properties just above described is interim fair
according to [2]. Hence, we can’t guarantee the existence in general of such an allocation due to
the fact that interim fair allocation may form an empty set. For this reason we shall focus our
attention to coalitional fairness of net trades, extending to differential information economies the
Gabszewicz notion of c-fair allocation.

Before doing this, for our sake of completeness, we explicitly show an example of a differential
information economy for which it is impossible to reconcile efficiency and the envy-freeness described
above.

Example. Consider an economy with: two equiprobable states of nature = {a, b}; three asym-
metrically informed agents {1,2,3}, with II; = II3 = {{a,b}} and IIs = {{a}, {b}}; only one good.
In each state w, agents equally share the total initial endowment e(w): ej(a) = <% = 4 and
ei(b) = %b) = 9. Moreover, for all w € Q, u(w,z) = x for t = 2,3 and uj(w,x) = /x. Even if
the economy described above satisfies all the standard assumptions, the set allocations that are

2See [6] for an analysis on coalitional fairness notion in differential information economies in which agents receive
no signal at the time of contracting.

3Differently from the perfect information notions, we will explicitly require Pareto efficiency due to the free disposal
condition imposed on allocations.



simultaneously efficient and envy-free is empty.

The reason of the non existence of allocations that are efficient and envy-free at the same time,
bases on the fact that even if agents have the same initial endowment, they may have different
information and hence different budget set. Therefore the scheme used by Varian, that deduces
the existence of a c-fair allocation simply by showing that any competitive equilibrium alloca-
tion resulting from an equal sharing of the total initial endowment among agents is c-fair, doesn’t
apply whenever agents are asymmetrically informed. In a differential information economy, a con-
strained market equilibrium, the proper equilibrium concept to consider, resulting from an equal
sharing of the total initial endowment may not be simultaneously efficient and free of envy (just
think about constrained market equilibria, certainly existing, of the economy given in the example).

Thus, we move our attention to the notion due to Gabszewicz [4], according to which different
groups of agents compare their net trades without any requirement on the measure of the potentially
envious coalition. A natural extension to differential information economies is proposed in the
following.

Definition 2.2. A feasible allocation x is said to be c-fair if there does not exist an alternative
allocation y such that for all w € Q there exist two coalitions S1(w) and Sa(w) for which

(1) S1(w) N Sy(w) =0

(i1) te Si(w) = te S (W) for all W' € I(w)

(#i1) Vi(ye /Il (w)) > Vi(xe|l(w)) for almost all t € Si(w)
@ [ @@ dis [ @) -a)

Sa(w)
with (1 (S1(w)) > 0 in at least one state of nature.

An allocation is qualified c-fair (in the sense of Gabszewicz) if it is not possible to find an
alternative allocation such that in each state of nature a coalition of agents can redistribute among
its members the net trade of a disjoint coalition and each of them, using his own private information,
is better off. For each w € Q, S1(w) is the coalition of agents envying the net trade of the disjoint
coalition Sa(w) in state w. Thus, it is natural to require that if an agent ¢ is envious at state w, he
is still envious in each state he cannot distinguish.

Notice that we do not require that S2(w) has positive measure, neither that x is efficient. In-
deed, with standard arguments?, it is easy to show that any c-fair allocation is Pareto optimal.

In pure exchange economies Gabszewicz shows that the set of c-fair allocations is non empty
since it contains the set of competitive equilibria. This inclusion may be strict, it becomes an
equivalence in atomless economies. Our goal is to show that, contrary to what we have seen
about Varian’s notion, the results obtained by Gabszewicz are still valid in differential information
economies. Such results are stated below.

Theorem 2.3. In a differential information economy, any constrained market equilibrium alloca-
tion is c-fair.

It directly follows from the existence of constrained market equilibrium allocations (see [11])
and Theorem 2.3 that in a differential information economy, c-fair allocations exist.

Theorem 2.4. If £ is atomless, then constrained market equilibria are the only c-fair allocations.

Tt is just needed to put for all w, the envious coalition S;(w) equal to the whole set of agents T' and the other
coalition S2(w) equal to the empty set.



3 Proofs

We start by detailing about the incompatibility of efficiency and envy-freeness in the previous
example. Assume, indeed, that the allocation x is envy-free.
Notice that z1 = x2. For if x1(b) > x2(b), for example, then the coalitions

Sia) = 0 Si(b) ={2}
Sa(a) = 0 Sa(b) = {1},
and the allocation
yi(a) = z1(a) y1(b) =21(b)

y2(a) = xa(a) y2(b) = z1(b)
ys(a) = wx3(a) y3(b) = z3(b),

satisfy conditions (i) — (iv) above, against envy-freeness of x.
Now, if x1(b) < x2(b), then the coalitions

Si(a) = {1} Si(b) ={1}
Sy(a) = {1} Sa(b) ={2},

and the allocation

yi(a) = zi(a) yi(b) = z2(b)
y2(a) = wa(a) ya2(b) = 22(b)
ys(a) = wx3(a) y3(b) = z3(b),

~—

would exhibit the envy of Sy against Ss. Hence, x1(b) = 22(b) and similarly we can show that
z1(a) = xa(a). If z1(b) = z2(b) < x3(b), a contradiction will appear by considering the coalitions

Si(a) = 0 Si(b) ={2}
Sa(a) = 0 Sy(b) = {3},

and the allocation

yi(a) = z1(a) y1(b) =21(b)
y2(a) = ma(a) y2(b) = z3(b)
ys(a) = wx3(a) y3(b) = z3(b).

Thus, x1(b) = z2(b) > x3(b) and, similarly, x1(a) = x2
x3(b), consider the coalitions

—~

a) > z3(a). Finally, if x1(b) = z2(b) >

Si(a) = {3} Si(b)={3}
Sa(a) = {3} Sa(b) ={2},

and the allocation

yi(a) = x1(a) y1(b) =z1(b
y2(a) = wxa(a) y2(b) = z2(b
ys(a) = w3(a) y3(b) = z2(b),



to contradict that x is envy-free. Thus, x1(b) = x2(b) = x3(b). Similarly, we can show that
z1(a) = x2(a) = x3(a). Hence, from the feasibility condition it follows that for each agent, x;(a) = 4
and x4(b) = 9. Consider now, the following feasible allocation

yi(a) = 63 yi(b) =64
y2(a) = 4.1 yo(b) =9.1
ys(a) = 1.6 y3(b) =115,

and notice that
Vi(ye[l(w)) > Vi(we|l(w)), forallt €T and all w.

Thus, z is not efficient. O

Now we prove the existence and the characterization of a c-fair allocation. For this purpose,
following Wilson (see [11]) we associate to £ an economy £* with uncertainty and without asym-
metric information. This allows us to deduce Theorems 2.3 and 2.4 from Gabszewicz [4].

An auxiliary economy. In the type-agent representation £* of the economy & the uncertainty
about nature is described by the measure space (2, F, 7) as before.

The measure space (T, 7*, u*), representing the space of type agents, is constructed in the
following way:

- T* coincides with the graph of the correspondence IT : T' — 27 defined by II(¢) = II;. More
precisely, T is the set of pairs (¢, E), where ¢ is an agent and F is an event of his information
partition.

- T*, the family of coalitions, consists of measurable subsets S* of T%, i. e. subsets that belong
to 7 ® B(27).

- The measure pu* on 7* is defined as the product measure of 1 and the counting measure.

Each type agent (t, F) is characterized by:

- A state-dependent utility function u gy defined as

ey (@, 7) = u(w,z) ifwekE
LRSS = otherwise.

- An initial endowment of physical resources ez*t’ B) defined as

e o (w) = er(w) ifwekFE
(t.E) 10 otherwise.

Type-agents decide today about the way to redistribute their endowments when the state will be
common knowledge. The presence of uncertainty in this economy, as well as the possibility of
writing contracts that are contingent on the future state of the economy, allows us to apply the
standard notion of competitive and c-fair allocations. We shall rewrite, for reader convenience, the
main equilibrium notions in the economy £*.



An allocation in the fictitious economy £* is a function z* : Q x T* — IR} such that 2*(w, -) is
integrable for all w € Q. z* is feasible if

/T* Ty py(w)dp” < /T e(,p)(w)dp”  for allw € Q.

where zE‘L )" Q— lRﬁ represents the bundle that the type-agent (¢, ') receives under the allocation
¥, in each state w.

Definition 3.1. Let S* be a coalition with positive measure, i.e. p*(S*) > 0. An allocation y*
Pareto dominates x* for S* if for almost all (t, E) € S*

Vie.eyW(e,my) > Vies) (@ g)),

where Vig g, ) = Sen Ut,5) (@ 2, ) ()7(w).
Definition 3.2. A feasible allocation x* is said to be c-fair in the economy E* if there do not exist
an alternative allocation y*, two coalitions ST and S5, such that
(1) (S > 0,585 =0
(2) Vie.5yWipy) > Vie) (€ p)  for almost all (t, E) € St
(3) /s Yty (@) — €.y (W) dp” < /S (@) (W) — €( py(w)) dp”  for all w € Q.
1 2

Definition 3.3. An allocation = is a competitive equilibrium in the economy E* if it is feasible
and there exists a price system p : ) — IRﬂ such that

Tp) €arg  max Vi) (Y m)
Y(t,BYeB(y gy ()

where for all (t,E) € T*

B, (p) = {yZ},E)\ > W) Y (@) < pw) € p (w)} :

weN weN

It is easy to construct a natural isomorphism between the economies £ and £*.

Given an allocation x € £, its type-agent representation is the allocation x* such that for each
(t,E)in T*

2 (W) = r(w) fwekr
(t.E) 10 otherwise.

Given an allocation x* € £*, its associated allocation x in the original economy & is such that for
each ¢t in T and each w in )
r(w) = xikt,nt(w))(w)-
We show below that any c-fair allocation in the economy £ corresponds to a c-fair allocation in
the associated type-economy £* and vice versa.

Proposition 3.4. If x is a c-fair allocation for £, then the corresponding allocation x* is c-fair
for &*

Conversely, if x* is a c-fair allocation for £, then the corresponding allocation x is c-fair for £.



PROOF: It is easy to show that if x is a feasible allocation for the economy &£, the associated
allocation x* is feasible in £*, and vice versa. Let x be a c-fair allocation for £ and assume on the
contrary that the corresponding allocation z* € £* is not c-fair. Since, z* is feasible in £*, this
means that there exist an assignment y* and two coalitions S7 and S5 such that

(1) (1) > 0, 5 185 =0

(2) Vie,p) (y?t,E)) > Vi) (xzt,E)) for almost all (¢, E) € ST

(3) /5 We,m (W) — €( gy (W) dp” < /S*(xikt,E)(w) —e(py(w)) dp for all w € Q.
1 2

Notice that without loss of generality we can assume that for all (¢, E) € T, Y m) (w) = 0 for all
wéFE.
Let us consider the allocation y such that

= y?t,nt(w))(w) if (¢, 1;(w)) € S}
i) {0 otherwise.

Let us define for each w € €2, the sets
Siw)={teT: (t,I;(w)) € ST} and So(w)={teT : (t, i (w)) € S5}.

Then, for i = 1,2 S;(w) is a measurable subset of T, since it coincides with the projection over T
of the measurable subset of T* defined by S; N {(¢,I;(w)) : t € T}°. Clearly, if t € S;(w) then
t € S1(w) for each w' € I (w), simply because, (¢, (w)) = (¢, (w')) for any ' € I;(w).

Moreover, for all w € ©, S1(w) N S2(w) = 0 and, from (1), u(S1(w)) > 0 in at least one state of
nature. Then we get

/Sl(w)(yt(w) —e(w)) du = /*(y?t,E)(w) _ ert,E)(W)) du* <

1
</
S

This contradicts the assumption that x is c-fair.

(27, 1y (@) — €7y (@) dp™ = /S (@) —en) dn

5
2

We now prove the converse. Let z* be a c-fair allocation for £* and assume on the contrary
that the corresponding allocation x is not c-fair. Since x is feasible in £, this means that there
exists an assignment y such that, for all w € €2, one can find S;(w) and S2(w) for which

(1) S1(w) N Se(w) =10

(2)te Si(w) = te S (W) for all ' € I (w)

(3) Vi(ye|Hy(w)) > Vi(2¢|I¢(w)) for almost all ¢ € Sy (w)
(4)

D[ ) —ew)) dp < / (2(w) — ex(w)) dp,

S1 (w) So (w

with p (S1(w)) > 0 in at least one state of nature.

5Since the measure space of agents is assumed to be finite and complete, the measurability of the projection
ProjrS* for each measurable subset S* of T follows by the Projection Theorem (see [1, Theorem 14.84])



Then let us consider a new assignment z defined as follow, for all w € €,

() = { y(w) teSi(w)

x¢(w) otherwise

Hence, from (2) and (3) it follows that for each w € Q, Vi(2z/|It(w)) > Vi(x¢|Il;(w)) if and only if
te S (w)
Consider the following subsets of T*

N

St ={(t. B) € T*: Vi(=| B) > Vi(wi| E)} = (J | (S1(w) N T) x {ILi(w)},
weNi=1

N
Sy ={(t,E) e T*: t € (@), 0 € B} = |J | (S2(w) N Ty) x {T;(w)}.
weNi=1
Hence S} and S5 are measurable and p*(S7) > 0. Moreover, we can observe that S7 NS5 = 0.
Let us define a new allocation z* as follows: for each (¢, E) € T* and for all w € Q

() = zt(w) fwe FEand (t,FE) € 5§
“I7Y 0 otherwise

Thus, for each (¢, E) € St
V(t,E)(ZEkt,E)) > Vie,B) (li?t,E))

and for each w in Q

(20(w) — ex(w)) dps = / (1) — ex(w)) du <

S1(w)

/ (p) (@) — e g (@) di” = /

1 S1(w)

< /SQ(W)(I‘t(W) —ei(w)) du = /s (@, (@) — €fy.py (@) dpr*.

2

This contradicts the assumption that z* is a c-fair allocation for £*. a

We are now ready to prove Theorem 2.3.
Proof of Theorem 2.3. Let = be a constrained market equilibrium for the economy £, we want to
show that it is c-fair. First, we notice that the associated allocation z* is a competitive equilibrium
of the economy £* (see [11]), which is a c-fair allocation (see [4, Proposition 1]). Then, from
Proposition 3.4, it follows that x is c-fair for the economy &. O

Remark 3.5. From [4, Proposition 2] and Proposition 3.4, it follows that the set of c-fair allocations
may differ from the set of constrained market equilibria.

Proof of Theorem 2.4. Let £ be atomless, i.e., 77 = (), and = be a c-fair allocation, then by
Proposition 3.4 the associated allocation z* is c-fair and hence, by the Core-Warlas equivalence, it
is a competitive equilibrium. Then, as proved by Wilson, x is a constrained market equilibrium. O

10



Remark 3.6. Observe that similar arguments cannot be used to deduce in differential information
economies the existence of a c-fair allocation (in the sense of Varian), simply because in the type-
agent economy £* we lose the needed equal income property (see Theorem 4.4 in [9]). Indeed, even
if e;(w) = e for each t € T and each w € Q, in the associated economy E*,

er(w) ifweFE
0 otherwise,

and hence different agents may have different initial endowment.

References

[1] ArLiprAaNTIS, C.D. AND BORDER, K.C., Infinite dimensional Analysis, (Springer, 3rd edi-
tion, 2006).

[2] pE CLIPPEL, G., Equity, envy and efficiency under asymmetric information, Economics
Letters 99, (2008), 265-267.

[3] FOLEY, D., Resource allocation and the public sector, Yale Econ. Essays 7, (1967), 45-98.

[4] GaBszewicz, J.J., Coalitional fairness of allocations in pure exchange economies. Econo-
metrica, Vol.3, No. 4 (1975), 661-668.

[5] GAIpOs, T. AND TALLON, J.M., Fairness under uncertainty, Economics Bulletin 4, (2002),
1-7.

[6] GRAZIANO, M.G. AND PESCE, M., Coalitional fairness under asymmetric information,
Mediterranean Journal of Mathematics, 7 (2010), 575-603.

[7] HARSANYI, J.C., Games with incomplete information played by Bayesian players. Manage.
Sci., 14 (1967-1968), 159-182, 320-334, 486-502.

[8] PAZNER, E. AND SCHMEIDLER, D., A difficulty in the concept of fairness. Review of Eco-
nomic Studies 41, (1974), 441-443.

[9] VARIAN, H., Fquity, envy and efficiency. Journal of Economic Theory, 9, (1974), 63-91.
[10] VIND, K., Lecture notes for economics. Stanford University, Spring , 288 (1971).

[11] WILsSON, R., Information, efficiency, and the core of an economy. Econometrica, 46, (1978),
807-816.

[12] YANNELIS, N.C., Value and fairness, in C.D. Aliprantis, O. Burkinshaw and N.J. Rothman,
eds. Advances in Equilibrium Theory (Springer Verlag, Berlin, Heidelberg, New York, Tokyo),
(1985), 205-235.

[13] YAaNNELIS, N.C., The core of an economy with differential information, Economic Theory,
1, (1991), 183-198.

[14] Zuou L., Strictly fair allocations in large exchange economies, Journal of Economic Theory,
57, (1992), 158-175.

11



