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Abstract

The purpose of this paper is to investigate Arrow’s theorem under the domain
with lexicographic preference, and obtain the possibility result.
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1 Introduction

Resolution of Arrow’s general impossibility theorem is one of the most important
topic in the social choice theory. One direction of this is restricting the preference
domain, and many papers appeared. Traditional studies of domain restriction is
single-peaked preference. On this issue, see Sen (1970). Kalai, Muller and Satter-
swaite (1979) discuss sufficient condition for a preference domain to give impossibil-
ity results. Gaertner (2002) gives the summary of approachs and results of domain
restriction.

In this paper, we show that the exsistance of person who have lexicographic pref-
erence implies the exsistace of social welfare function that satisfies Pareto condition,
Independence of Irrelevant Alternatives and Non-Dictaorship. Recentry, Suzumura
and Xu (2004) consider the extended framework and define “non-consequentialist”,
and show the domain with non-consequentialst is Arrow consistent. In thier paper,
preference of non-consequentialst is lexicographic order, and play the essential role
to escape impossibility. Our claim is that with lexicographic preference, we can
obtain the possibility result without the extended framework.

Arrovian framework with economic environment have lately attracted consider-
able attention. In this approach, it is often assumed that preference satisfies con-
tinuity, monotonicity and convexity. Unfortunatry, interenting economic domain
with such regular indivudual preference is Arrow inconsistent.! Our results implies
that in economic envrironment, if individual’s preference is either such regular pref-
erence or lexicographic preference, a preference domain is Arrow consistent if and
only if there exists a person who have lexicographic preference. Note that lexico-
graphic preference is not continuous and can not be represented by utility function.
Therefore, our results is meanful for social choice with economic environment.
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2 Notation and Definition

For the lexicographic order, the set of social states X is a Catesian set of alterna-
tives; X = [[ncx Xx with [ X3 > 2. Thus, a social alternative x € X is a vecter
(xg)kex where xp € Xi. N ={1,2,...,n} with n > 2 be the finite set of individu-
als on the society. Let p be the set of all logically possible ordering over X. R € p
stand for a social preference relation on X. Symmmetric and Assymmetric part of
R are I and P, respectively. Each individual ¢ € N have the preference ordering
R; over the set of social alternatives X. Then a profile R = (Ry, Ry, -+ ,Ry,) is a
n—tuple of individual preference, and is an element of p™. D C " is the admssible
preference domain. A social welfare function(SWF) with D is a function f which
maps each and every profile in some subset D of @™ into p.

Now, we define the k-lexicographic ordering. For ith person, if is complete
order on X, and t?ik is complete order on [], 2k Xy,

Definition 1. ith person have the k-lexicographic order RiLk is the binary relation
on X defined by acRika iff o, >§€ Y = :BRika and xp Nf Y = [«’Eh;ék N?’ék Yhtk <
TRFFy).

Definition 2. D C p" is the domain with k-lexicographic preference if there
exists at least one person who have the k-lexicographic ordering on X.

We next introduce three axioms on the social welfare function f.

Axiom 1. Strong Pareto Priciple(SP)
For all z,y € X, and for all (R;);en € Dy, if 2P,y holds for all i € N, then we have
x Py, and if zI;y holds for all i € N, then we have xly

Axiom 2. Independence of Irrelevant Alternatives(IIA)

For all R = (R1, Ry, -+ ,Ry), R = (R}, R5,--- ,R)) € Dy, and for all z,y € X,
if [xR;y < zRly] for all i € N, then [xRy < xR'y] holds, where R = f(R) and
R = f(R)).

Axiom 3. Non-Dictaorship(ND)
There exists no ¢ € N such that x P,y = xPy for all x,y € X.

3 Results

Theorem 1. There exists an social welfare fanction f with the domain Dy which
satisfies (SP), (IIA) and (ND).

Proof. In this proof, to show the existence of SWF, we construct f first, and show
f satisfies three conditions.

Step 1. By assumption, there exists [ € N whose preference is k-lexicographic
order. Consider the following SWF: For all z,y € X,

x1 =] y1 = xPy, (1)
z1 ~¥ g1 = [tRy  zRyy,i € N\ ). (2)

Step 2. By constriction, this SWF satisfies (SP), (ITA), and (ND). R by this
SWEF is clealy reflexive and complete. We have only to show that R is transitive,
Ve,y,z2 € X,(x = yANy = z) = x = z. This SWF impose that 2 = y <
(a)z Nf yr N zR;y or (b)x >—f y. Then, to check transitivity, we must investigate
four cases.

(i)case of (z ~F yp A xR;y) and (yx ~F 2k AyR;i2).

(g Nf Yk N\ Yk Nf z) and (xR;y ANyR;z) = xy, Nf 2 and xR;z. This imply xRz.



ii)case of (zj ~F yr A xRyy) and yi -7 z.
T N;f e Ay >f z) = >f 2. This imply xRz.

iii)case of z =F y and (yp ~F 21, A yR;z).

Therefore, R is transitive. Q.E.D.

Remark 1. This domain Dy is not common and not satuating. Concepts of
“common” and “satiating” are defined by Kalai, Muller and Satterswaite (1979).

Remark 2. Regular preference condition for public goods;

We assume that X is any connecting subset of R™. The alternative is interepleted
as vecters of public goods. Suppose that every individual’s preference is either
continuous, convex and strictry monotonic, or lexicographic. There exists an social
welfare fanction f satisfing (SP), (IIA) and (ND) if and only if there exsit at least
one person who have k-lexicographic preference.

Proof is straightforward. By Theorem 2 in Kalai Muller and Satterswaite (1979),
if all individual’s preference are continuous, convex and strictry monotonic, then
the preference domain is common and satuating and there exist no SWF satisfing
(SP), (ITA) and (ND). Therefore, the existence of the person who have lexicographic
order is necessary and sufficient condition of the existence of SWF satisfing (SP),
(ITA) and (ND).

Remark 3. Example of economic environment with private goods;

Cosider an environment with 2 induvuduals and 2 private goods; N = {1,2} and
X = er{l,..A} X = R* with 21 + 23 =1 and 29 + 24 = 1. Then, in this example,
social alternative is allocation of private goods.

In this case, we assume (x1,x2) € X; X Xy is 1’s consumption bundle, and
(r3,14) € X3 X Xy is 2's one. 1 € X7 and z9 € Xy is 1’s consumption level of
goods 1 and 2, respctively. Similary, z3 € X3 and x4 € X4 is 2’s consumption level
of goods 1 and 2, respctively. Suppose both individual’s preference is monotonic and
selfish for thier consimption bundle. By theorem, if 1st person have 1-lexicographic
preference, then there exist SWF satisfing (SP), (IIA) and (ND). By using the social
welfare function in the proof of theorem, (1,0,0,1) is best element, all of goods 1
is consumed by 1st person and all of goods 2 is consumed by 2nd person.
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