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Rationality and Relevance in Social Choice Theory™

Charles R. Plott

California Institute of Technology

The central argument of this paper is that concepts such as "social

preference,'" "

social rationality,” "public interest,' 'social benefits"
and ''social welfare” are unnecesgsary for the development and application
of welfare economics principles and the design and/or ﬁodification of
political economic processes. The primary reasons for using these
constructions as offered by Samuelson and Arrow are misleading if net -
simply wrong. The features of the concepts which rake their use
compelling, are also features of other approaches to problems. Further-.
more, since the tools themselves automatically restrict analysis to a
rather ''uninteresting' family of political-economic processes, theif use
may even be detrimental to the development of a relevant body of theory,
The fundamental ideas presented here have been offered in more
‘precise form elsewhere [9], [10]. Bat, the overriding issues are somewhat
obscured there, by the detail. The broader, somewhat more philosophical

implications discussed here, are, I suspect, of greater interest.

*Presented at the Seminar on Mathematical Theory of Collective
Decisions, Harbor Town, South Carolina, August, 1971. The author
wisheg to thank Robert P. Parks for his comments on an early draft.

The arguments of the paper will proceed as follows. The first
section is devoted to a discussion about the relationship between rational
social choice, social preference, social benefits, welfare, etc. From
the point of view of social choice theory they are all the same concept.
Those readers who are impatient with ""formalism' are urged to stay
awake for the first section. The failure, in the literature, to make certain

distinctions precise, has resulted in some rather wide-spread misunder-

-standings.

Having provi&ed the reader with an understanding of the concepts
the discussion moves to the two major jus‘;tificationa for the use of these
constructions. The Samuelson argument i3, roughly, that the employment
of the social welfare function is simply a reflection of a requirement that
social choicea conform to some system of ethics. The criticism of this
argument offered here is that systerns of ethics, which are capable of
being represented by such functions, are but a small, uninteresting
subset of ethice, 3cholarly preoccupation with this subset of ethicai
pr0pésitions has caused the scientific implications of other ethical
propositions; to be completely neglected.

The second major argument in support of the use of social
preference relations hés been advanced by Arrow. His argument is,
roughly, that the existence of a social prefere.nce relation is necessary in
order for the outcome of social choice processes to be independent of the

pzth (or sequence) of chaice. The third section of the paper is used to



demonstrate that such a claim is, in general, simply wrong.
The final section is a summary. It is argued there that Arrow's

General Possibility Theorem is actually a criticism of the use of the

above tools. Other approaches can both retain the advantages and circumvent

the disadvantages.

SECTION ONE

The section proceeds as follows. First some notation and interpre-
tations are provided for those unfamiliar with the social choice literature,
The discussion then meoves to the topic of ”rz;.tional" gocial choice. Some
examples of errors are given in order to clarify the precise meaning.

The concept is connected, froﬁ the point of view of model building, to

'sacial welfare,' ‘''social benefits,

etc. T argue that, from this point
of view the concepts are the same (they all imply rational social choice
in any case, and also yice versa in the finite case}). The discussion then
jumps to a characterization of ethical propositions where it is argued

that only a limited class of ethics would, if imposed, require choice to

be rational.

Social Choice
In order to keep the discussion brief, the interpretations will be
restricted to those of economic models. The following concepts will be

used in notational form:

An alternative or social state will be denoted by the lower case

letters {x, v, z,,. . .} . Inthe case of an exchange economy model an
alternative would be 2 matrix, each row of which would indicate a given
individual's consumption level of the various commedities. If the model
is complicated by production, time, random elements, etc., the symbols

and concepts are intended to hold there as well.

The set of conceivable alternatives will be designated as E. This

is a universal set, such as a consumption set in {Debreu type) economic
models. Sometimes such sets are referred to as a '"commodity space.’’

An agénda is a subset cf E and unless some particular subset is
of interest, will be denoted as v . The agenda can be viewed as a
production possibilities set or consumption possibilities set or activities
possibilities set, depending upon the model. As distinguished from E ,
the agenda refers to that subset of E the existence of which would

violate no laws of nature, resource endowments, etc.

The set of admissible agenda is simply a family of agenda. The

symbol will be Y = {Vl, Vo o e vm} , when no particular family
needs to be isclated. An admissible agenda, then, is a set of-subsets

of E. It could be a family of consumption possibilities sets, production
possibilities sets, etc., depending upon the interpretation of the soctal
states and agenda. Social processes must operate under varying' circum-
stances and one of the things .whi'c:h varies is the agenda. The admissible

agenda is a set which designates the range over which the agenda might



vary. Of course, which subsets of E , which agenda, are in the admissible

agenda is intended to be dictated by the particular problem, or application,
at hand. For example, in some cases {{E) would be a natural family, 1

A gociety is simply a vector (Rl, Rz, . ,Rm) where R.1 is the

2

preference relation for individual i and where there are n members
of society, A set, D, of societies will indicate the set of admissible
societies.

A social choice function is a function with domain® 2¢ ® D, and
range & (E) such that

¥ (v, R

,Rn) Civ, R ,Rn)CV-

1 - 17t

(v, Rl, e ,R_n)EZ(®D

1’I‘he symbol & (E) indicates the power set of E -~ the set of all
subsets of E. In the case of an infinite E the setf of all subsets may be
"too large' to be of interest. For example, choice over "open' sets or
non convex sets, may be too much to demand. Again these technical
complications will be overlooked here so that the general problem
can be discussed.

ZWe assume individual preference relations are total, reflexive, transi-

tive binary relations on E . More precisely, a binary relation R, on a set
E ig said to be

a) total in case (Vx) (Vyl [xRyvyRx]

xeE yi#x
v el
b} reflexive in case (V¥ x) xRx
x eE
c) transitive in case (yx) (¢ ¥ (vz) [xRyayRz= xRu]
xeE yeE z¢eE :
y#x z#y
z ¢ x

3 The symbol (¥) represents a cartesian product. Certainly, for
some purposes one might want to restrict the analysis to subsets of
U & D, This possibility will not be pursued here.

That is, for any particular agenda in the admissible set and any particular
society in the admissible set, the ''chosen'' set is a subset of that
particular agenda.
The idea of a social choice function will be used for two separate
ideas in this paper. In some places the functional notation wiil be used
to represent an ethic. In other places the functional notation will be
used to represent a process. 4 The distinctions will be made clear below,
but I wish to dwell for a2 moment, now, on the "process' interpretation,
By 'represent some process’ [ mean ti'xat the '"chosen' elements
are the equilibriums of the process. Each process has its own represen-
tation. For example, we could let the function CC' E. (v, R

P oR)

represent the competitive equilibrium allocations when v is the consumption

possibilities set and {Rl, . ,Rn) are the individuals® preferences. As

v and/or individual tastes change, the function simp]..y indicates the new

equilibrium set. Different choice functions would indicate different processes.

More importantly, however, we will say th.at two processes are the same
in case they have the same choice function -~ that is, two processes are
the same in case they always have the same equilibriums. One purpose
for making this distinction is that ''imagined'’ or "abstract' processes can

be postulated and then one can ask whether or not such processes can

4In the last section a distinction will be made between ""implementable'
processes and ''non-implementable' processes. The difference is between
choice functions which could be representations of actual processes and
those which cannot,



actually be constructed.

Rational Seccial Choice

A choice function is rational in case it can be rationalized. If a
binary relation exists such that the chosen elements can always bhe viewed
as the maximal elements, according to this binary relation, then the choice
function is rational. Notice first that the concept of rational refers to a
gsequence of choices -- to the behavior of the choice function over part of its
domain rather than its behavior at a single point. Notice also that the
""chooser' need not be "purposeful” or "'cognitive." In fact, a given choice
function, if rational, may be rationalized by several different binary
relations simultaneously. Furthermore, a choice function may be
rationalized by a binary relation which does not have the "usual" properties
of ''preference relations. n?

In the case of social choice we proceed as follows. A social choice.

function is said to be rational in case, for given and fixed individual

preferences, it chooses from the various agenda as if it used a binary

The "indifference relation'' may not be transitive or the "strong
preference' relation may not be transitive, or it is not total, etc. In
general one can view these properties as various '"degrees'’ of rationality.
Conditions on the choice function which guarantee various''degrees' of rationality
have heen developed [2], {5], [7], [9], [11].

From one point of view the theory of preference is simply an
assertion that choice can be rationalized by some binary relation with a
particular set of properties (total, reflexive and transitive). That is,
the theory asserts that the "choosing agent," whatever it is, 'chooseas”
as if it had a preference relation with the usual properties and in every
situation it chooses those alternatives which are "most preferred.

: the rationalization R

" meaning.

8
relation, R, as a "eriterion' and chose the '"best' (the R-maximal
6 .

elements ) accordingly., More formally, a social choice function is said
to be rational over the domain & D in case for each (El' ,En) e D,
there is a binary relation R such that

(V) c (V,El, ,En) = {xev: xRy for all ye v},

voe

The social choice function is said to be total, reflexive, transitive rational

JR )

in case, the social choice is rational and for each vector (Rl'
- n

is total, reflexive, transitive.
The following three examples serve to illustrate the technical
In the example the notation "h{-}" s used in place of C{-)
because the latter has been given a rather precise definition.

Notice,

in these examples the individuals' preferences have been dropped as

. parameters, We are free to do this since they are held constant in the

definition of rationality.
Example 1. The choice function h{{a,b}) = {a,b}, hi{a,c}} = {a,cl.

hi{{a,b,c})={b}, is not rational. Why? From the first two choices we

get aRb & aRc as a property of any raticnalization R . The "a' is
R-maximal relative to {a,b,c} for any rationalization which exists.
So, if the choice is rational, that is, if a rationalization exists,the element

""a'" must be among those chosen from the set {a,b,c}. We see by

construction a ¢ h({a,b,cl) so no rationalization exists and the choice

E,See the glossary.



is not rational.

Example 2. The choice function h{{a,b,c}) = {2} is total,
reflexive, transitive rational, We need consider only a few of the
many rationalizations, say, aPb & aPc & bFc; or, aPb & aPc & cPb;
or, aPb & aPc & ble, where P and I are the usual "'strong preferencé”
and "indifference' relations. 7 We note, from this example, that
rationalizations need not be unique.

Example 3. The choice function h{{a,b}) = {a,b}, hi{{a,c}}=1{a},
hi{{b,c}} = {b,c}, h({a,b,c}) = {a,bl, is total, reflexive rational but
not transitive rational. The rationalization is alb, ble, aPc. Notice
that the binary relation 1 is not tr.ansitive and thus, neither is R .
However, h( v )} is for each v , the éet of R-maximal elements.

In order to explore further the technical meaning of rational choice
we turn now to a rather important misunéerstanding in the literature,

The misunderstanding is over which of Arrow's conditions the method of
"rank-order voting' viclates. Arrow suggests, incorrectly, that this
process viclates his Independence of Irrelevant Alternatives Condition.
Actually, it satisfies that condition but does violate the 'rationality"
conditions. |

The following axiom is essgentially a quote of Arrow's definition of

TSee the Glossary.

8 . .
In the case of this example we have a severely restricted admissible
agenda -~ & = {[{a,b,c}}. If 2 contains all two element sets then any
reflexive rationalization will be unique.

10

Independence of Irrelevant Alternatives, with slight changes rmade to keep
the notation uniform with this paper. ? His discusaion is then quoted.

Condition 3. Let (R, . . . ,Rn) and (Ri, .

, R') be two sets
I n

of individual orderings and let C(S,Rl, .. - ,Rn) and C(S,Ri, .. ,R;_)
be the corresponding social choices. If, for all individuals i, and all x
and all y in a given agenda S, xRiy if and only if xR;y, then

-_— 1 1
C(S,Rl, . ,Rn) =C{5,R!, . .. ,Rn).

The . reasonableness of this condition can be seen by consideration
of the possible results in a method of choice which does not satisfy
Condition 3, the rank-order method of voting frequently used in
clubs, With a finite naumber of candidates, let each individual rank
all the candidates, i.e., designate his first-choice candidate,
second-choice, etc., choices, the higher weight to the higher
choice, and then let the candidate with the highest weighted sum
of votes be elected. In particular, suppose that there are three
voters and four candidates, x, v, z, and w. Let the weights for
the first, second, third, and fourth choices be 4, 3, 2, and I,
respectively. Suppose that individuals 1 and 2 rank the candidates
in the order x, v, 2z, and w, while individual 3 ranks them in the
order z, w, %, and y. Under the given electoral system, x is
chosen. Then, certainly, if y is deleted from the ranks of the

9.A:t'.t'ow's exact statement is:

Condition 3: Let Rl' ...,R_and R! ... ,R' be
two sets of individual ¢rderings an’é let C(S} and C'(S) "he the
corresponding social choice functions. I, for all individuals
.1 and all x and y in a given environment S, =xRjy if and
only if X.R!!_Y, then C(S) and C'(S) are the same (independent
of irrelevant alternatives).

[t, p. 27

The reader may be interested in the comparison of this axiom with
the one stated and used by Blau [3]. This reformulation of the :
Arrow framework is exceptionally interesting since it is the "popularized”’
version of Arrow's work which tends to obscure the interpretations
explored here.
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candidates, the system applied to the remaining candidates
should yield the same result, especially since, in this case,
y is inferior to x, according to the tastes of every individual;
but, if y is in fact deleted, the indicated electoral system would
yield a tie between x and =z .

[t, p. 27]

Close examination of the axiom reveals that the claim in the quote
is simply wrong., The axiom refers to the behavior of the social choice
function in cases where 5 is fixed and the other parameters, individuals'
preferences, change. On the other hand the example pertains to a situation
where the set § changes (from {w, x, v, 2} to {w, x, z} ) and
individual preferences are fixed. Suppose the agenda is {W, X, z} and
the preferences are as initially given. The social choice is { x, z}.

Now, suppose individuals 1 and 2 continue to rank w, x and z in the order
x, z, w, and suppose that individual 3 ranks them in order z, w, x. The
choice over {w, x, z), using the rank order method, remains { x, z}
regardless of how theindividuals feel about y. The reader can continue

to verify that the rank order method satisfies the axiom, contrary to

Arrow's claim. 10

0'I‘hm example is not the only one in Arrow's writings which has
served to detract scholars from a proper understanding of the axiom.

Consider the following example which was called to my attention by R.P. Parks.

Condition 3 is perhaps more doubtful. Suppose that there are
just two commeodities, bread and wine. A distribution, deemed
equitable by all, is arranged, with the wine-lovers getting
more wine and less bread than the abstainers. Suppose now
that all the wine is destroyed. Are the wine-lovers entitled,
because of that fact, to more than an equal share of bread? .
The answer is, of course, a value judgement. My own feeling
is that tastes for unattainable alternatives should have nothing
to do with the decision among the attainable ones; desires in
conflict with reality are not entitled to consideration, so that
Condition 3, reinterpreted in terms of tastes rather than values,
is a valid value judgement, to me at least.

f1, p. 73]

1z

JArrow's argument, quoted above, does establish the fact that
social choice derived from a rank order voting process is_1_1_9__t_ total,
reflexive, transitive rational, If it were then the choice function would
satisfy the weak axiom of revealed preference, since we are talking
about finite sets [2], [5], [11] , and his example shows this axiom is
clearly violated. As it turns out, other examples can be used to show
that social choice by the rank order voting process is not rational at all --
to any degree.

This example has caused considerable confusion in the literature
about the Independence of Irrelevant Alternatives axiom. Almostall
criticisms which have been directed at this axiom are actually criticisms
of the rationality axioms. 1 As a result the problems with rational choice
have remained unrecognized while the possible interpretations of Independence
of Irrelevant Alternatives have not been explored.

Actually the Independence of Irrelevant Alternatives axiom can be

Close examination shows, again, that this example, as stated, is
unrelated to his independence of irrelevant alternatives condition. The
problem is that in this example, as in the rank ordering example he is
changing the feasible set. Had he simply required that to him the allocation
of a fixed arnount of bread should be independent of people's taste for
unavailable wine, the example would be well taken.

llFor example, the following ''restatement' of the axiom Is

hopelessly entwined with the ratmnal.zty postulates.

2. If the removal from or insertion into the set of pogsibilities
of a certain possibility x results in no change in any individual
order of the remaining possibilities, then it must cause no
change in the collective order of those possibilities. This
condition is named the 'independence of irrelevant alternatives.'

[6, p. 422]
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viewed as a defining characteristic of thase choice functions which can be
implemented as processes, The axiom simply says that equilibriums depend
only upon preferences over the "feasible' set. This is a property of almost

all behavioral models ~- including the cormpetitive model. A rather extensive

discussion of this point can be found at {10].

Rational Social Choice: Interpretations

The idea of rational social choice is, from a technical poiht of
view, rather pervasive in economic writings. Many tools, if used to forge
an economic process or system, would necessarily cause rational choice
to be a property of that system. The most important of these tools are
social preference relations, social welfare functions and social benefit
functions.

Many view the job of a "social engineer' to be one of desinging
systems in a manner which assures that the process outcomes are always
the ''best" according te some "“social preferénce relation.” Without
inquiring about the source of this "preference relation, ' which is usually
at least a sub-order,lz we can see imrnédiately a consequence of the
procedure. If the equilibriums of a process are viewed as a '"choice"

and if the process 1s designed so that the 'outcomes!' or "equilibrizms®

are maximal according to some social preference relation then that process

chooses rationally when individuals' preferences are fixed and the consumption

le binary relation is a sub-order in case it is total, reflexive and
obeys the law [~2zRy A~yRx => xRz]. The binary relations xIy, ylz, xPz;
and xPr. yPz, xIz are both sub-orders. Such binary relations have the
property that every finite set has a "maximal" element. Thatis, from
any v there is at least one x¢v such that xRy for all y in v . [4]

14

possibility set varies. The rationalization is simply the initial "social
preference relation, "

We can see immediately that the same argument applies equally
to the use of a social welfare function, Such a function is usually of the
form W{x) or W(ui_(x), uz(x), [P ,un(x)) where the u{+)'s are numerical

representations of individual preference relations. It is to be used as

follows. The system is to be designed (perhaps including a public servant

who always implements the "'proper' outcome} so that the ocutcomes from

any consumption pessibilities set v, are tho_se which maximize W(*) over v .
We see immediately that processes designed according to the

maximization of social welfare are processes which "choose' rationally.

In order to see this we simply define a binary relation R, forall x and y-

in E as xRy if and only if W(ul(x). . un(x)) > W(ul(y), . un(}r) H

We see then, for fixed individual préferences the outcomes from any v

" are the maximal elements of R in v . Hence the process is rational

since R is the rationalization. Omne can then view W{(-} as simply a

' numerical representation of R .

A procedure of altering processes in accord with certain types of

; cost-benefit methods will also induce rationality into social choice. Let

: B{y, x} be the "net benefits" of state x over state y. If B{y,x} > 0 we say

the "net benefits" of moving from ¥y to x are positive and if B{y,x} < 0

we say they are negative. The design of systems should proceed by

assuring that the cutcome, from any agenda v are the allocations in v

from which it is not "beneficial'' to move. That is, the outcomes, over
v, would be ¥, € v such that B(yo, x) < 0forall xev. Nowif

Bly,z} % Bly,=x} + Bx, z) there is a function W{-} such that
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By, x) = W{x) - W(y).l3 We need only note that the chosen alternatives
from any set would be those which maximize W{*} -- this function is,
in essence, a social welfare function. We can then, from W(*} deduce the
implied preference relation following the procedure above., The process
will choose 1'atic>na.11y.M
We see then that if social choice reflects the use of a social
preference relation, a social welfare function or a "benefits" function,
then choice will be rational. A natural question is, why on earth would
we want 1o use tools which place such a restriction on a model? Surely,
"social preferences,” 'benefits" or "welfare" are not 'experienced”
in any meaningful sense. Few claim to "see'' or "measure' social
welfare. In fact very few claim that these objects are even amenable to

such realizations., The two major arguments, one due to Samuelson and

the other due to Arrow, are discussed below.

SECTION TWO

Throughout the development. of economics, as well as the social
sciences in general, there has been a tendency for scholars to describe events
and activities by using terms which are, essentially, subjective. Political-

economic évents are often described in terms which are fully understood

13
See [13] for a discussion of addative representations of relations.

1
4There are ways of stating the "cost-benefit” principle which

do not imply rational choice. For example By, x} may be defined in a
manner which depends upon v . The "costs" of producing x over y may
~aepeiid upon whether or not it was possible to produce =z ., In this case
the choice would not necessarily be rational.

Where finite sets are involved, things get somewhat more complicated.

16

only to the user, Equality, fairness, efficient, democratic, just, public
interest, and social values ére just a few. Occasionally such terms can

be defined abstractly but their use in common parlance and in "scientific'
writing is seldom accompanied by definition. The scientific development

of a subject can be equated to the ability of "scientists" to communicate,

in writing, in a manner which allows independent verification of events
{cookbook procedures), This cannot be done when the terms are subjective.

This problem of subjective texms appears to be recognized at
several peints in the development of economics. It is probably the reason
that "interpersonal comparisons of utility’ is considered to be an "unscien-
tific'' procedure. The idea of another person's utility is ﬂot, even in
principle, a sufficiently isolated'bbject of experience''to be used free of
"researcher bias."' On the other hand the idea of "preference’ with its
foundations in choice behavior is not complicated by such problems -~ at
the conceptual level at least.

This problem of subjective terms might also be the reason why
appraisals or explications of events in terms of appraisals tend to be
purged from the body of scientific proc:edurts:s.]'5 Such procedures allow
discoveries to be known anly to the discoverer, since, by definition,
transmission of results cannot be achieved even at the conceptual level,
in a manner which allows independeént verification.

It ig along these lines that the Bergson-Samuelson social welfare

15 : s
Notice that the word appraisal {perhaps approval would serve as
well) is used rather than thEE%FrWalue judgment™ or the term "norm, "
The reason is that I find the latter terms somewhat hopelessly entangled
with the concept of "preference.” I would like to be free to discuss "value
judgments" without appraising them. More importantly, however, I wish
to make a clear distinction between "ethics” and "preferences' below,
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function serves as an important bridge from the art of economics to the
science. The tool allowed the economic practitioner to serve, for the first
time, an engineering function. For the first time '""ends" could be separated
from “'means.'" '""Ends" could be stated in a manner which allowed systems
to be designed in accord with these ends, by individuals other than the
one{s) stating the "ends.' If given the ends {the ends maximize a particular
function), anyone could, independently, check to see if they were attained
by a given process.

Now, the contribution outlined above should not be confused with
problems pertaining to the source of the social welfare function. The
economist is told to have this function maximized -~ not "social welfare"
without the latter being specified. The source of the function is an
important but different issue. Unfortunately debate frequently finds the
two problems confused so = recognition of the substarntial contribution of
the Bergson-Samuelson construction is lost.

The advantage of the tool (if not the reason for the advantage)} is
clearly stated by Samuelson.

It is a legitimate exercise of economic analysis to examine the
consequences of various value judgments, whether or not they are
shared by the theorist, just as the study of comparative ethics

is itself a science like any other branch of anthropology. If it

is appropriate for the economist te analyze the way Robinson
Crusoe directs production so as to maximize his {curious)
preferences, the economist does not thereby commit himself

to those tastes or inquire concerning the manner in which they .
were or ought to have been formed. No more does the astronomer,
who enunciates the principle that the paths of planets are such :

as to minimize certain integrals, care whether or not these
should be minimized: neither for all we know do the stars caTe,

{14, p. 220]

Hé continues, however, along lines I believe to be misleading.

This juncture is most important since it is along the intuitive lines, directed

by the following guotes, that welfare economics has proceeded.

Without inquiring into its origins, we take as a starting point
for our discussion a function of all the economic magnitudes of a
system which is supposed to characterize some ethical belief --
that of a benevolent despot, or a complete egotist, or "all men of
good will, " a misanthrope, the state, race, or group mind, God,
etc. Any possible opinion is admissible, including my own, although
it is best in the first instance, in view of human frailty where one's
own beliefs are involved, te omit the latter. We only require that
the belief be such as to admit of an unequivocal answer as to
whether one configuration of the economic system is ""better" or
"worse'' than any other or "indifferent, " and that these relation-
ships are transitive; i.e., A better than B, B better than C,
implies A better than C, etc. The function need only be
ordinally defined, and it may or may not be convenient to work
with (any) one cardinal index or indicator. There is no need to
assume any particular curvature of the loci {(in hyper-space) of
indifference of this function.

[14, p. 221]
The new welfare economics is characterized as

. + « & systematic way of introducing from ountside of economics
various ethical norms {as embodied technically in what is called
a social welfare function) -- and so ordering the exposition of
the conditions for an optimurn that we first state these which
require only the weakest postulates, and which therefore hold
for the widest possible set of cases, and only later introduce
the narrower and more restrictive hypotheses.

[t5, p. 37}
The argument is repeated.

Without norms, normative statements are impossible, At
some point welfare economics must introduce ethical welfare
functions from ocutside of economics. Which set of ends is relevant
is decidedly not a scientific question of économics. This should
dispel the nofion that by a social welfare function is meant some
one, unique, and privileged set of ends. Any prescribed set of
ends is grist for the economist's unpretentious deductive mill,
and often he can be expected io reveal that the prescribed ends
are incomplete and inconsistent. The social welfare function is
a concept as broad and empty as language itself -- and as necessary.
Whether we call it W, or G, or describe it in words is, of
course, immaterial,

{15, pp. 37-38]

18
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The key word in the above quote is the word "maust' used in the second
sénte_nce. The implication of this statement and the other two quotes

above is that the use of ethical postulates necessitates the use of a function.
This implication is repeated in his discussion of the closely related
raticnality postulates in the Arrow model. '"Give up Axiom 1 -- a well-
behaved ordering with transitivity -- and the whole problem vanishes

into thin air." [16, p. 49]

His arguments involve two separaté propositions. 1) The design
of economic systems along ethical lines presupposes an objectively stated
set of ethics. 2) Ethical propositions in economic models can only be
reflected in total, .reﬂexive, transitive binary relations. I have no quarrel
with the first, but I do disagree with the second. His as sumption, as will
be established below, places’an drbitrary restricticn on the class of

ethical propositions with which economists can work.

Ethical Propositions

Ethical propositions are reflections of the primitive "should. "
You should not steal. You silould not kill. .You. should tréat others as
vou would like to be treated, etc. 'Thi.s idea of what you ""should" do,
may, or may not be consistent with some 'i;é.ea of “good, " 'hetter, ' or
"best. "

In short, an ethiclé‘ itself is in general represented by a choice

function as opposed to a binary relation. From any set of alternatives it

l6.‘[11 f10] I make a distinction between "absolute' ethics and "relative®
ethics. A relative ethic is a family of absolute ethics -- it is an ethic
which requires actions to accord with at least one of a set of one or more

absolute ethics. Several ethical propositions in economics are of this form.
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{the ethic} indicates which alternatives should, or should not, be among
the chosen elements. For example when faced with a set of alternatives,
all alternatives involving the action "kill" should be in the set not chosen.
Consider a version of the Pareto principle -- when faced with a set of
opportunities, the social outcomes should not contain Pareto dominated
alternatives. A littie different version could state -~ from any set of
alternatives--all Pareto undominated alternatives should be among the
outcomes.

Abstractly, let v be a set of alternatives, an agenda, let
S{v, Rl’ e ey Rn) C v be the set which '"should” be chosen from v,

according to some given ethic when the elements of v are available and

.preferences are given as Ry - e ,Rn. Let 3(v, Rpe - - ,Rn) be the

set which "should not" be chosen from v, according to some other ethic.
We say that the functions S(. . .) and S{. . .) are, respectively, positive
and negative ethics {or '""representations' of ethics}. MNotice that individual
preferences are included as parameters since "ethics™ are frequently
involved with attitudes. Of course we could have included properties of

"social states, " other than how people feel about them, as parameters.

Notice also that an ethic is of the same mathematical form as social choice

functions. We assert that any ethic can be represented by a choice function

and any choice function can be viewed as a representation of some eth.ic:.17
17 . 1 2
We can say the systems of ethics S (v, Rl’ .. ,Rn). 5 (V,R.l, PO ’Rn)’
n - —- .
--+s 8(vR,...,R) and B{v,R, ..., R} ..., Sn(v,Rl: + e sR}

imply the ethics

S{v, Rl’ .. ,Rn) . Si(v, Rl" P ,Rn} and

1 Cy

i=1

=l

1S(V, Rl’ - e . ,Rn), respeactively.

HE
-]

“S—(V,R.i, .. ’Rn) .

So, a system of ethics is itself an ethic.
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What is the relationship between ethics and the word "better"
used by Samuelson? While ethics, or applications of the word "shouid, "
have in general a choice function representation, the idea of '""better! is,
inherently, only a binary relation. Formally we would say, where =Gy
means '"x is at least as good as y,' that x is "better" than y in case
xGy and not yGx ; and, that x is "best,' relative to some set v, in
case % is G-maximalin v . We can say an ethic is consistent with
éome idea of "better' in case there exists a binary relation (an "at least
as good as' relation) such that the chosen elements (parameters other
than the feasible set v, being fixed) are "best" according to this relation,
That is, an ethic is consistent with the word ""better" or the phrase "at
least as good as' in case the choice function representation of the ethic is
rational Furthermore, we would say that the idea of 'at least as good as"
employed is transitive in case the representation of the ethic is transitive
rational. 18

We can now make a very immpogstant ocbservation. Not all ethics

have rational representations, This means that, if we are to interpret

a rationalization of a choice function (representing some idea of "should")

" as an "at least as good as' relation (that is, ¥Gy means, when G is the
rationalization, that x is at least as good as ¥ } then not all ethics are
consistent with the idea '‘better' or "worse' or ''best' -- at least to the
extent that "better'’ is a binar;)r relation and Ybest" are the maximal
elements. We need only observe that the set of "rational' choice functions

{over some specified range) is but a small subset of the set of all choice

18 . '
We also suggest that a consistent use of the word '"'value, ' at least
within political economic models, is as a numerical representation of an
“at least as good as'' relation.
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functions.

The first assertion of this paper is now established. Use of the
Bergson-Samuelson social welfare fure tion placeés arbitrary restrictions
on the set of admissible ethics. Why should analysis be restricted to

ethics whose representations are rational (total, reflexive, transitive

_rational at that}? No answer has been supplied. In fact, many of the

ethics actually stated in the economics literature are not rational [10] -
The second major argument of this paper is that the family of
ethics compatible with a Bergson-Samuelson social welfare function is,
from one important point of view, very "uninteresting." This argument
will be taken up in the final section with Arrow's General Possibilities
Theorem.
) We turn our attention now to the major advantages provided by
the Bergson-Samuelson soc.:ia.l welfare function. The advantages are derived
from the fact that the function could be viewed as a reEresentation of a
system of ethics, in "objective' terms. The advantages remain if the
function is a choice function as opposed to a real valued function or binary
rerlation.lg The welfare function has, then, no special advantages,
The design of systems can proceed é.s before -- only without the

social welfare function. IL.et S{v, R'l’ . e Rn} be a positive ethic and

; B(v,R;, - . ., R_}a negative ethic. We say the process represented by the
n ¥ process

social choice function Civ, Rl’ e, Rn), is compatible with S{v, Rl . Rn)

in case, for all admissible (v, R‘L’ e e e s Rn), Siv, Rl’ e Rn}CC(v, Rl' .a .Rn).

lg.W'hile there is, in principle no problem of transmitting the concept
there may be practical problems in cases of large numbers of alternatives,
See the discussion in [10] on ""goals, "
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We say Clv, Rpseens Rn) is compatible with 3{ v, Risoves Rn) in case, for

all admissible (v, Rl‘ R Rn)’ C(v, Rl’ . Rn) M Siv, Rl’ cens Rn) =@,
where @ is the empty set. We say "social choice" is compatible with

an ethic in case those elements which "ghoula" be chosen are always chosen
and those element s which "'should not" be chosen are never chosen. Whether
or not the chosen elements can be viewed as '"'best” is another, independent

and perhaps irrelevant matter.

The Arrow Argument

At least three different, but distinct lines of argument can be
found in Arrow's work, in favor of what has been called his "consistency
conditions.' These conditions simply.a.ssért that social choice must be
rationalized by a total, réﬂexive, transitive binary relation. The rationali-
zation is called the "social preference'' relation. Precisely why one would
make such an assumption weighs heavily on the interpretation of Arrow's
major result.

The first type of justification given is essentially the same aé
that given by Samuelson. 'I‘h_a.t is, the "social preference relation’
is simply a reflexion of some system of ethics, Thé second justification is
that the existential quantification or definition of something called a ""social
preference' is attempted.

These first two justifications are often confusingly intertwined
in his arguments. FPart of the problem is a failure to distinguish between
value judgments, ethical propositions, preferences, tastes and values.

The following quote seems to contain a bit of everything. .
+ - . Given these basic value judgments as to the mode of aggregating

individual desires, the economist should investigate those mechanisms
for social cheoice which satisfy the value judgmert s and should check
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their consequences to see if still other value judgments might be
viclated, In particular ke should ask the question whether or not
the value judgments are consistent with each other, i.e., do there
exist any mechanisms of social cholee which will in fact satisfy
the value judgments made? For example, in the voting paradox
discussed above, if the method of majority choice is regarded as
itself a value judgment, then we are forced to the conclusion that
the value judgment in question, applied to the particular situation
indicated, is self-contradictory.

(1, pp. 2-5)

The first two sentences indicate that he clearly intends social
choices to ultimately conform to some given set of ethics (''value judgments®

to him}. That is, omne function of an applied welfare economist is to provide

_the design of an economic system along some externally stated ethical lines.

The third seatence then declares that an ethical proposition which fails

to dictate rational choice is "self-contradictory.'" From this we would
conclude that the representation of an ethical proposition must be a
transitive binary relation. This is the same formulation used by Samuelson
and examined above.

The next quote is also of interest. Hevre, as a purpose of the
research, he appears to seek a "reasonable" definition of a sodal preference
relation, By virtue of being a ''preference'" it must have the properties
{namely his consistency conditions) or preferences.

In ideal dictatorship there is but one will involved in choice, in

an ideal society ruled by convention there is the divine will or
perhaps, by assumption, a common will of all individuals concerning
social decisions, so in either case no conflict of individual wills is
involved. The methods of voting and the market, on the other hand,
are methods of amalgamating the tastes of many individuals in the
making of social choices. The methods of dictatorship are, or can
be rational in the sense.that any individual can be rational in his

choices. Can such consistency be attributed to collective modes of
choice, where the wills of many people are involved ?

1, p. 2]
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This interpretation of the rationality postulate, along with the
one above, I con.sider to be, for practical purposes, the same as the
Bergson-Samuelson interpretation. The third justification Arrow gives is
considerably different.

It is against this background that the importance of the transitivity
condition becomes clear. Those familiar with the integrability
caontroversy in the field of consumer's demand theory will observe
that the basic problem is the same: the independence of the final
choice from the path to it. Transitivity will insure this independence;
from any environment, there will be a chosen alternative, and, in
the absence of a deadlock, no place for the aistorically given alter-
native to be chosen by default.

That an intransitive social choice mechanism may as a matter
of observed fact produce decisions that are clearly unsatisfactory
has been brought out in different ways by Riker and by Dahl.
Riker's emphasis is on the possibility that legislative rules may
lead to choice of a proposal opposed by a majority, Dahl's rather
on the possibility that the rules lead to a deadlock and therefore
a socially undesired inaction, The notion of a "democratic
paralysis, ' a failure to act due not to a desire for inaction but an
inability to agree on the proper action, seems to me to deserve
much further empirical, as well as theoretical, study.

Collective rationality in the social cheice mechanism is not
then merely an illegitimate transfer from the individual to society,
but an important attribute of a genuinely democratic system capable
of full adaptation to varying environments.

El, p- 120, emphasis added] .

The striking thing about this rather eloquent argument is that it is
followed by neither elaboration nor clarification even though this type of
justification is alluded to at several points in Arrow's writings. Several
formalizations are possible. Only one will be followed here,

First, consider the idea of a rule for tabulating social choices
over "'small" sets. For example, majority rule is a rule for tabulating
choices over two element sets. Now given such a rule, defined aver a

family of "small’ sets, 20 social choice over '"large sets" is accomplished

207he family, of course, could be viewed as a bases. In addition
Ustatus quo' concept may extend the 'bases.' See [10] for a method of
intreducing the concept into the analysis.
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by ''repeated application" of the rule.

Consider majority rule for example. Let M{{x,v), Rj,---:R)
indicate the "majority winnexr" between x and y when preferences
(RI’ cees Rn) are given. Suppose further that people vote in accord with
their preference, that is, preferences are also decision rules, 2t the number
of people is an "odd number'" and indifference is not a property of preferences.
Under these conditions there is always but a single element in the set
M{{x,y'},R,l, cees Rn).

Suppose now, ""society' is faced with a choice from a three element
set. We wish to construct a function {or process), C{{x,y,z}, Ry eens Rn),
which indicates the '"outcome' or '"social choice! from the three element
set, Since the "rule' can act only on two element sets it cannot be applied
directly. We can, however, use the rule to define or derive an outcorme

for the three element set. That is we can use certain procedures to

extend choice from two element sets to choice over larger sets.

This extension could be achieved in several different ways, by
repeated application of the "rule.! For example, we could define
ciix,v.z), By, .oy Rn] as follows:

Cliix, v, 2} JRpesRD S M({z,M({x,y},R.-i, ...,Rn)},Rl, seesR D
In words, choice over the set {x, v, z}. is defined by first taking the winner
of a majority ballot between x and y and placing it against z . What
about tjne four element set {w,x,v,z} ? dne way {there are others) waould

be to place the winner from the set {w,x} against the winner of the set

Z .
1-This assumption is not in general necessary. It could be achieved

axiomatically by an application of Arrow's Independence of Irrelevant
Alternatives axiom taken together with Pareto Optimality but, for purposes
here, there is no reason to take that route.
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Th inner of winner ould th n ice." i i i .
ty,2h © wannex winnets wou en be the "choice That is, he demands that social choice be free from the arbitrary parameter
we would have - . :
"'path. n23 He argues that the rationality postulates or '"consistency

C({w,x, v, 2z}, LT R )= M{{M{{ w, x}, Ripe-os RO Miiy, 2}, Bier R 1, Ri; ..., R ). | conditions' are necessitated by this demand.

Notice that choice over the four element set is derived from choice over two i No such necessity is implied at all. Consider the example

lement sete. C Clay=a forae[{x}, iy}, {2}, %y}, (xzt,{y,2}] and
Those familiar with the voter's paradox may already have detected . Cl{xy,2}} = {=x=}. Without specifying the "rule" in mechanized terms

a problem. The outcome, or social choice, from { x,v,z } and from or the "sets" ovér which it opexates, we can see that this chbice function

{w,% ¥, 2}, in the case of the voter's paradox depends critically upon satisfies independence of Path. This claim can be seen at an intuitive

the."sequence" or, more broadly, 'path,' of choice over the two element level from the following observations.

sets., Had the winner from the set { x, z} been put against y , the social c{ecxl) U clly,zD}) = c({{xtUly,z}) = Clix,y,z}) = {x,z}

choice from {x,v,z)} would have been different. Or, in the case of the . c({c(iyD) U clix,z}) = c{i{y} Hx,z}}) = C(‘tx,y,z}) = {x,z}

four element set {w,x,y,z} the choice would have been different had ciicz)) U clix,yh1 = C({{Z}U{x,y}}j = Cl{x,y,2}) = {x,z}

winners from {w,y} and {x,z} been pitted together.zz cdcUx, v U clx,zD1) = C.('{{x,y}u {z,z}}) = Ctix,y,z}) = ix,z}

¥ take it that this dependence upon the '"'path' of choice is what 24

ete., etc.

Arrow finds objectionable. Of course, since the motivation is not precisely

stated it is impossible to specify his argpument exactly. At a broad level 234 can pursue my interpretation of this formally -- from 9] --

Assume I is a finite set.

2211 the case of majority rule we might want to define the sacial ! Let V= {v,....,v | bea family of subsets of E. Forall 5CE
cheice as the set of elements which could win through some sequence ot i define V. ={V:iUv=58}. Assume that vCE & v#8 = C(v}##¥
path. That is, we may construct a process for which volers voted according -5 .

to their preferences using some format of majority rule contests, However, : vev

any format may arise. There may be no "laws' governing this, so the P {(I.P.} Independence of Path:

"outcomes' or "equilibriums'' -- before the fact -- would be the set of |

element:s which, cm.}id Wir'i by some format. In the th{ee element case, ! (V8 {VeV, & Vi VS T ClUGIy)) = C{UC{v))}
for particular configurations of preferences, the choice would be all three i 5

elements. SCE veV vie V'

The surprising thing about this process is that it violates Pareto . : i A :
QOptimality. Consider the four element set {w, x, v, z} and let the preferences The axiom says we can choose over 5 directly, or arbitrarily
of five individuals be: w,y,x,z for the first two; v, X, 5, w for numhber segment S, choose over the parts, then choose over the chdices
three; x, z, w,y¥ for number 4; and %, ¥, z, w for number five. Now suppose without changing the ultimate result. Notice that the properly holds
the path of voting is that the winner of {x,y} is put against w . The winner for all 8 so one can further refine the segments without worry.
of the second vote is then put against z . The ocutcome, alung this path,
is z . Buta check of the preference relations reveals that x is unanimously ‘ 2%, formal proof of the assertion is given in [9 .

preferred over z.. Thus, =z is chosen even though Pareto-dominated.
The process does not satisfy the Pareto principle. :
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We can now make a very important observation. Although the

example is 3 choice function which is Independent of the Path it is not a

rational choice fu.nction.z5 That is, an assumption of rational choice is

not necessitated by a demand that choice be independent of the path.

We have now established the fourth assexrtion of this paper. The
argument provided by Arrow in support of the rational choice assumption
is simply wrong. The importance of this observation should not be

minimized. If Independence of the Path is demanded in place of rational

choice, Arrow's major result, The General Possibilities Theorem, does
not hold. There are decision processes which satisfy Independence of the
Path and all of Arrow's conditions {other than rationality). 26
Several interesting questions as well as interesting results have
been omitted from this section. When the set of alternatives is expanded
to an infinite set severai complications arise. Also there are connections
between Independent of Path behavior and "preféren_ces, ' see [9] . But
the major observation is established. If Indeperdent of Path behavior is

all that is desired then the rational choice assumptions -- even the weakest

forms -- can be dropped.

25
We can show this as follows. Recall a choice function is rational

if there exists a rationalization-- a binary relation for which thé chosen
elements are always maximal accordirg to this binary relation. Suppose
such a relation, R, exists. From the two element cheoices we conclude
vRo for a e{x,z and thus y is maximal in [%,v,z}. But, since

y ¢ C{{x,v,2}), we contradict the assertion that R is a rationalization.

26Nm: all of Arrow's conditions are stated in terms of choice functions
50 his conditions must be reworded accordingly for this assertion to be
technically true. When the alterations are made a process which chooses
the Pareto Optimals serves as a counter example to a proposed impossibility
result.
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SECTION THREE
The first sentence of this paper asserted, in spirit at least, that
concepts such as "social preference, ' ''social rationality, " "public
interest, ' "social benefits” and 'social welfaré' should be dropped from

the bag of tools. They are, as has been argued here, the same concept
when looked at as a formal property of rﬂodels.

The concepts do not span the range of interpretations which have
been attributed to them. In the case of Arrow, we bave shown that the set
of rational social choice functions is but a subset of those which are
characterized by the 'independence of path' i)roperty. We have also
argued that use of a Bergson-Samuelson secial welfare function places
an arbitrary restriction on the set of ethics which can be reflected in
social choices.

We shall now argue that the class of rational social choice
functions, while from either the Arrow or Sa.muelson point of view, is an
"yninteresting' class. I say "uninteresting'' because the intersection of

this class of social choice functions with the class of social choice functions

' which could, conceivably, be implemented as efficient social decision

processes, yields a set of choice functions which are representations of

dictatorship processes. To repeat, any social choice function which

1} is trangitive rational, 2) satisfies Pareto optimality, and 3} is capable
N . . . . .27

of being implemented as a process is a dictatorial cheoice function.

In order to establish this assertion we need only recall the

discussion, above; concerning the independence of irrelevant alternatives

2TAs sume there are at least three people, at least three alterpatives
and that the domain of the choice function is "large."
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axiom and then appeal directly Ito Arrow's General Possibility Theorem.
It was indicated above and is argued at somewhat greater length in [10]
that the independence of irrelevant alternatives axiom can serve as the
defining characteristic of a group decision process. 28 That is, any choice
function satisfying the defining characteristic could, in principle, be the
equilibriums of some process stated as a function the parameters. .
Furthermore, any choice function which does not satisfy the axiom is
incapable of being an accurate representation of any process.

Arrow's result can be stated as follows. If you are given a set
of ethics which a) are transitive rational and b} inctude pareto opiimality
then all proces ses>? for which the equilibriums are always what they
"should" be, according to the given system of ethics, are dictatorship
processes.

The title of this paper includes the word ''relevance.'" How can
.social choice theory be relevant in view of such a negative result? Easy!
Simply drop the rationality assumptions. Very little would be lost and
much would be gained.

The major advantage of the social preference concept is that it
allows, at least in principle, applied economists to perform an engineering
It allows

function. It allows the "objective" to be "objectively" stated.

communication among researchers as to the success of their efforts in

2'8'I‘he axiom states that choice over any arbitrary set 5 depends only

upon individuals' preference over S and nothing outside of 8. The
assertion is that this is a characteristic of all socio-economic processes.
A change in preferences for things infeasible does not change equilibrium
over the feasible set.

29We assume the domain is sufficiently large.

i do not exist.
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relation to an attempted objective. This should not be confused with the

.prob].em of choosing an objective.

This advantage need not be lost. Ethics can still be captured in
a formal way (in principle at least), by choice functions as opposed to
binary relations or numerical functions. Such choice functions, naturally,
may be difficult to express in words -~ but so are binary relations and
numerical functions. At the conceptual level, at least, such difficulties
More importantly, however, the more versatile method of
representation, suggested here, allows research to move systematically
into areas which have been previcusly unexplored in a formal way.
Furthermore, since discussions of processes frequently take place in
ethical terminology the possibility exists that models built with ethics as
the objects of debate {variables) as opposed to allocations, will have better
explanatory power.

Remeoval of the rationality conditions allows the possibility of

discovering ways to build choice from the application of rules. If we

' replace the social rationality with Independence of the Path, Arrow's

! impossibility result is left behind. Many social choice functions satisfy

his conditions with rationality i‘eplaced by the independence property. More

. importantly the power of axiomatic method can be used to discover the rules.

Once one specifies how the system ""should” behave the axiormatic method
can be applied to find the proper equilibriums. The problem then becomes

one of properly designing institutions.




(1]
[2]
£3]
[4]
(5]
[6]
{7]

(8l

[9]

[0}
[11]
{12}

(3]

33

Bibliography

K. J. Arrow, Social Choice and Individual Values (2nd ed.), John
Wiley & Sons, Inc., 1964. . .

, "Rational Choice Functions and Orderings,"
Economica, N.S5., 26, 1959, .

J. Blau, "The Existence of Social Welfare Functions, "
Econometrica, 25, 1957.

P. Fishburn, ''Suborders on Commodity Spaces, " Journal of
Ecenomic Theory, 2, 1970.

B. Hanssen, "Choice Structures and Preference Relations, "
Synthese, 18, 1968.

I. M. D, Little, "Social Choice and Individual Values, " Journal
of Political Economy, 60, 1952.

R. P. Parks, "Rationalizations, Extensions and Social Choice
Paths" (unpublished Ph., D. dissertation, Purdue University, 1971).

C. R. Plott, "Recent Results in the Theory of Voting, " Frontiers
in Quantitative Kconomics, M. Intriligator, ed., North-Holland
Press, 1971,

, ""Social Choice and Social Rationality, ' Social Science

Working Paper, No. 2, California Institute of Technology, June, 1971.

. "The Relevance of Social Choice Theory to Models
of Economic Policy, ! Social Science Working Paper, No. 3,
California Institute of Technology, June, 1971,

M. K. Richter, '"Revealed Preference Theory, " Econometrica,
34, 1966, .

A, K. Sen, Collective Choice and Social Welfére, Holden-Day,
1970,

D. Scott, "Measurement Structures in Linear Inequalities, "
Journal of Mathematical Psychology, 1, 1964,

]

,[15]

{16}

34

P. A. Bamuelson, Foundations of FEconomic Analysis, Harvard
University Press, 1947.

, ""Comment on Welfare Economics, " A Survey of

Contemporary Economics, vel, II, (ed. B. ¥. Haley), R.D. Irwin,

1952,

, "Arrow's Mathematical Politics, " HBuman Values

and Economic Policy (ed. 8. Hook), New York University Press,

1967.




35

Glossary
@ is the empty set
I means - 1s an element of
=> means = implies
[...] means - ... i5 a true statement

AC B means [st => xaB]

~ means - not
v means — Or
A means ~ and (it does not mean and/or)

v means -~ for all

a1 means — there exists.

{8: ...} 1is read - the set of 8 for which the statement ... is true
AUB = {x: xed W xE_B}

ANB = {x: xed ~ xeB}

UJv means - the union of all sets v which are elements of V.
veV

(v a) [] is read - for all 8 such that the statement; Yy is true the
statement [ ...] is also true.

f(x) = g(x) means - (V x) [f(x) = g(x)}

A&B = {(x,y): xeAyeB}

R is a binary relation on A means - R A@A
xRy means - (x,y) £ R

¥Py  means —[ny ~ -—ny] for soﬁ:e specific R

xTy  means —[ny /\ny] for some specific R
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A binary relation R over a set A is

total in case (Vx) (Vy) [ %Ry v yRx ]
xEed YeA
¥ #x

reflexive in case (Vx) [#Rrx]
xehA

transitive In case (Vx) (Vy) (Vz) [=RyAyRz => xRz
X el vyEA zeh
vy #x z¥Fx
z#y

An element x 1is sald to be R-maxipal over z set A in case

XEA A [(Vy) ny]_
¥ EA
A choice function C(v) with domain & is said to be ratiomal in case there
exists a bimary relation R such that

(Vv) [xec{v) == x is R-maximal over v]

veY
The binary relation R 1is said to rationalize C(v)} or be a rationalization,

A ratiomal choice functior C(v¥) is said to be

reflexive rational in case there exists a reflexive rationalization

total ratiomal in case there exists a total ratiomalizatioa

transitive rational in case there exists a transitive rationalization

total, reflexive, transitive rational in case there exists a total,

reflexive, transitive rationalization.



