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PARADOXICAL RESULTS FROM INADA'S CONDITIONS 4
FOR MAJORITY RULE* ‘

by

Herve Raynaud##

1. Characterization of the profiles which follow the not-in-the
middle condition, but not the bipartition condition.

In an earlier paper (Raynaud [1979]), I answered a question
asked by Morton [1966] in his review of a famous note by Inada [196L].
This was done by exhibiting a simple counter-example to the supposed
equivalence between the bipartition and the not-in-the middle condition.
I am now able to give a much more complete answer to the question,
an answer which allows the solution of enumerating problems.

In what follows:

v Cose ;.
- X denotes a finite set of alternatives or objects \ - 5?:;9/;&
cor
NSPLITEL Ni‘I ~
{a,b,...y,2}; i—///.f“aaa 3

For any set S, |S| denotes the cardinality of X;

E (or E(X)) denotes a profile, i.e., a sequence of N

total orders 01, 62, ceey eN on the IXI = n considere

objects; each ei is called an individual order:

- If YCZX, E(Y) will denote the sequence given .

ﬁ l‘ l"*-'l
restrictions of the Oi's to the objects in Y. L\\‘\NL\ ;
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ONR-NOOO14-79-C-0685 and in part by the Fulbright Exchange Program and
the Center for Research in Organizational Efficiency, Stanford University
Thanks to K.J. Arrow and P. Coughlin for their very careful revievw of

this paper.
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Definition 1: A profile follows the not-in-the-middle condition
if, for any triple T of oblects of X, there exists one of the three

{
‘ objects which is never ranked second in any of the orders of E(T).

Definition 2: A profile follows the bipartition condition if,
for all Y included in X, there exists a bipartition of Y in Yl,
Y2 such that any individual order ei(Y) can always be written

°i(Y1)°1(Y2) or Bi(Yz)ei(Yl).

We shall say that any individual order on Y can be written

under the shape Y1Y2 or under the shape Y2Yl.

Many people have proven that these conditions ensure the transi-

tivity of the majority method, and that the second one implies the first

(e.g., Romero [19781).

Definition 3: A profile E is said to contain configuration K
if there are four object, a, b, ¢, 4, in X and two individual orders
@ and 0' in E such that 6(a,b,c,d) = abcd or dcba and

8'(a,b,c,d) = bdac or cadb.

3 Theorem 1: If a profile satisfies the not-in-the-middle condition

and if |X| = 4, two cases are possible:

< m——

(1) It satisfies the bipartition condition and does not contain

configuration K.

b

(i1) It contains configuration K and does not satisfy the

e e

bipartition condition.
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Proof: The exhaustive enumeration {cumbersome but easily reduced
to 32 cases) of the different possible maximal profiles shows that they
can be divided in two classes.

(i) A class of profiles all satisfying clearly a bipartition

condition.

(ii) A class of profiles containing configuration K.

It is easy to see that this class does not satisfy any bipartition
condition by checking the fact that the four bipartitions made of one
singleton and one triple and the three bipartitions made of two pairs of
objects cannot describe any of the four possible of individual orders
necessarily appearing in a profile containing configuration K.

Hence, if a profile contains configuration K (satisfying or %
not the not-in-the-middle condition), it is not a bipartition. If it |

is, on the contrary, a bipartition, it cannot contain configuration K.

Proposition 1: If a profile on n objects contains configuration

K, it cannot satisfy the bipartition condition.

Proof: Trivial: If a, b, ¢, d, are the four objJects considered
for configuration K, teke Y = {a,b,c,d}; then 3 y such that E(Y)
contains no bipartition Yl, Y2 such that any individual orders be
written E(Yl)E(YZ) or E(Y2)E(Yl). And this is precisely the contrary

of the bipartition condition.

Proposition 2: Let E be a profile on four objects containing

configuration K and following the not-in-the-middle condition. Let

abed(1), dcab(2), bdac(3), cadb(k) be the four votes corresponding to
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configuration K. If E contains only two or three of these four votes,
E can be completed by the lacking one, without loss of the not-in-the-

middle condition.

Theorem 2: If a profile on n objects follows the not-in-the-
middle condition then two possibilities only can occur:
(i) E contains configuration K and does not satisfy the
bipartition condition.
(ii) E satisfies the bipartition condition and does not contain
configuration K.
If E contains configuration K, it is the object of Proposition
1 to show that it does not satisfy the bipartition condition. What
remains to be proven is that if it does not satisfy the bipartition condi-
tion then it contains configuration K.
We know that this is already true for four objects and the proof

will be done by induction; it needs two introductory Lemmas.

Definition 4: E ©being a profile on X, a "sequential bipartition”
will consist of a sequence of sets S, Xl, X2, xll’ Xl2’ X21’ X22, oo
such that
(1) 1r |X| > 1, a11 8,(X) can be written 6,(X;)o,(X,) or
ei(xz)ei(xl).
(i1) 1f lxil >1, a1l 6, (X,) can be written 91(x11)°i(x12)

or 91(X12)°1(x11)
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(11i) 1f lxi’J,_”’z] > 1, all ei(xi,J,...,z) can be written
O . ..0(% 0,100 0y g o) o 8y (X))
0. .2 1)

Lemma 1: If E, profile on X, has a sequential bipartition,

then it follows the bipartition condition {and conversely).

The proof is straightforward. Consider Y C X. There exists a
smallest set among X, Xl, X2, xll’ X12, le +.++ Which includes VY.
Let xij...z be this set. Then Y F\Xi."z’l = Yl and Y r"i)(i”“q"2 = Y2
are such that any ei(Y) can be written ei(Yl)ei(Yz) or ei(Yg)ei(yl).
The converse is trivial.

Let us suppose now that the theorem is true for any |x| =4, 5 ...
(n - 2), (n -1) and let us show that it is true too for |X| = n.

For this, let us consider a profile E on n objects following
the not~in-the-middle condition and not the bipartition condition. If
T is a triple of objects of X, E(T) follows the not-in-the-middle

condition and the bipartition condition (which is trivially true for

any triple following any not-in-the-middle condition).

‘Lemma 2: If a profile E(X) follows the not-in-the-middle
condition, but not the bipartition condition, there exists a subset X
of X such that

(1) E(x) satisfies the not-in-the-middle and not the bi-

partition condition,

(11) but for any strict subset y of x then E(y) satisfies

the not-in-the-middle and the bipartition condition.
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Proof:
(1) Delete progressively the elements of X, in any order. In
step 1, you delete X; and the remaining objects of X constitute the

set Xi = {xi+l”"’xn}‘ In that sequence of deletions, you will

necessarily reach a step i° such that E(Xi ) does not follow the
o
bipartition condition and E(Xi +l) does (this is clear because
o

E(Xn_3) = E{xn—2'xn-l’xn} follows the bipartition condition, as does
any profile on three objects respecting the not-in-the-middle condition).
(2) Then check whether all strict subset of E(Xi ) follows
the bipartition condition. If yes, the lemma is proven. °
(3) If no, then there exists an x, such that E(Xi - xa)

o
does not follow the bipartition condition. Exchanging the indices of

xa and xi°+l’ the new Xi

41 is such that E(Xi°+l) does not follow
the bipartition condition.

Hence deleting progressively elements from the new Xi +1° You
will reach an xil such that E(Xil) does not follow the bi;artition
condition but E(xil+l) does. You can, then, loop the algorithm at
step (2).

The algorithm is necessarily finite because IXi | > IXi |
> |X12|... > 0 and will prove the lemma because E(T),OT being any

triple of elements in X, follows the bipartition condition.

The lemms can be expressed under a formulation more efficient
for what follows: if E(X) satisfies the not-in-the-middle and not.
the bipartition condition, then there exists a subset x of X and an
element A in X - x such that x U X does not satisfy the bipartition

and all its strict subsets satisfy the bipartition condition.




Let us consider x. Since X 1is a strict subset of x U A,
from the hypothesis, all the individual orders in E(x) can be written
under the shape X, Y or under the shape Y, X, ({X,Y} being a certain
partition of x).

If XA (resp. YA) denotes a sequence including all the objects
of X (resp. Y) plus XA, A Dbeing not an extreme in the sequence,
introducing the object A can produce five "types" of votes, nemely

(1) XAXY or YXA

(2) Y or ¥xX*

(3) XAY or YAX

() x or Y

(5) XY» or AYX

A. Let us suppose now that E(x U L) contains votes of one type
only. If it is type 1 or 2 or 3, then X UXA and Y make a bipartition
which indicates, according to the lemma and the induction hypothesis,
that the bipartition would hold in E(X), which is impossible. If it
is type b or 5, then X and Y U X give such a bipartition.

B. Let us suppose now that E(X U A) contains votes of exactly two
types. If the pairs of types were (1,2), (1,3), (2,3), the bipartition
{(X U1),Y} would ensure the contradiction. If the pairs of types were
(4,5), (4,3), (5,3) the symmetrical {X,(Y + A)} would do. (1,5) has
a clear bipartition into A and (X UY).

Since (1,4) and (2,5) are symmetrical, the same reasoning will
hold for both of them. Let us consider (1,4). For {Y U A}, from the

induction hypothesis, there exists a bipartition such that all the votes

in E(Y UX) can be written under the shape {Yl U )\}Y2 or under the

shape Y2{Yl U A}. Hence, the votes in 1 can be written under the shape
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AXIlYe or Y2Y1Xk and votes in 4 will be X{Yl U A}Y2 or XYQ{Yl U Al
or {Y; UAW X or Y,{Y; UAMX.

From this, {Yl V) A}sz or XYQ{Yl U A} has to appear among
the votes (or a bipartition in Y2, {Xvu Yl U A} would be clear). Let
it be the first. Then, if ¥y denotes an element of Yl on the other
side of A from X in the votes of the shape {Yl v A}Ygx, y, ean
element of Y2, X an element in X, one finds necessarily in E:

(a) a vote AXy ¥, OF ¥,y XA

(b) a vote Y MY %
which is part of the configuration K on those four letters. The same
reasoning would hold for votes in 4 of the shape XY2{Yl U A}. The
remaining case, that is to say (2,4) is the more confusing. The proof,
after that, will become more easy.

(2,4) means that:

(2) one vote {X'}Y or Y{x*} occurs and

(v) one vote X{YA} or {YX}X occurs.

There is a bipartition of X U A in Xl Ua, X2 which will

allow to write the votes {XA}Y and Y{X}} in the shapes {Xl U A}X2Y

or XZ{Xl Uil or Y{Xl U A}Xe or YX2{X1 Ul

For the same reason Yx is bipartitioned in Yl UXx and Y2,

which develops (2,4) as follows:

{x1 U ”an:LYz or )(2{x1 U A}Y1Y2

Y2Y1{Xl ) A}x2 or Y2Y1X2{x1 Ual

x2x1{Y1 U A}Y2 or x2x1Y2{Yl U Al

{Yl U Ak or Y2{Y1 V] A}Xlx2

%1%,
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In order not to have a bipertition in X2, one of the votes

A: {xl U A}x2Y1Y2 or Y2Y1X2{Xl U A} has to be voted.

In order not to have a bipartition in Y2, one of the votes

B: XX Y. {Y

X Yo{Y Ui} or {Yl ] A}Yexlxz has to be voted.

If now, x1 denotes an element of Xl extremal in the votes

A and y, en element of Yl extremal in the votes B; if X, and Yo

denote current elements of X2 and Y2 respectively. One shall

encounter: in A: x ...A...xa...yl...ye... or ...y2...y1...x2...k...x

1
in B: ...x ...xl...yg...x...yl or yl...x...yz...xl...xe... which

2
exhibits configuration K in Yor Y15 X5 .

From this, three votes at least are necessary, each one in a
different type. Let us suppose that three types occur at least. These
cases will, according to the sub-cases, show a bipartition, or the non-
respect of the not-in-the-middle condition.

(1) If the profile is (1,2,3), it shows the bipartition
{X Ua,Y}. If the profile strictly contains (1,2,3), it contains at
least one vote L or 5. If it is L, then 3 x€X, 3 ¥y €Y such that
the triple {xAy} does not respect the non-in-the-middle condition.

If it is 5, then none of the triples {x\Ay} with x€ X and y €Y

respects the not-in-the-middle condition. Case (3,4,5) is symmetrical

and follows the same reasoning.

1°?
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(2) For all the other possible triples it is always trivial

that the not-in-the-middle condition will not be respected for at least

one triple.

TYNF T PR LT

I want, incidentally, to quote some of the very remarquable

T T

properties of configuration K. The first is that its four votes constitute

a latin square:

B S s

-abcecd

bdac

-cadhb

dcba
g What is more, if you rank its four orders in such a way that the first
letter in each line has a rank in the first line which is equal to the

number of the line, then the rows are identical to the columns. Four

symmetrical designs can be obtained
abecd bdac cadhbd dcba
bdac dcba abcd cadbd
cadbd abcecd dcba bdac
dcba cadhb bdac abcd
Conjecture: There is a nice economical or sociological interpretation

of this mathematical piece of baroque-which is not pure rococo (Sen [1979]).

2. Enumeration Problems

An important purpose of this research is to prove that, from the

i individual point of view, the freedom in voting is not greater in Ineda's
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conditions than in the original Black's condition (Black [1958]). 1In
other words, that the conditions which are only expressed on triples
(1ike Arrow's single peakedness (Arrow [1963]) and the complementary
conditions of Inada) do not allow more individual freedom than Black's
condition (which is based on a reference order for the alternatives).

How can one count the maximum number of different votes in a
profile following single peakedness, single cavedness and not-in-the-
middle condition?

The two first cases are in G. Kohler's thesis (Kohler [1978])--
published in French. As this student of mine has decided to abandon
research, after his Ph.D., I will present here the result.

Let us consider the so-called single peakedness condition: on

any triple T of objects in X, one of the three objects is never ranked

last in E(T).

Proposition 3: Single peakedness is equivalent to the following

condition C: VY C X, two objects of Y at most can be encountered in

the last rank of E(Y).

Proof: C = single peakedness. Trivial. For any triple T,
take Y = T. If two objects at most are last in E(T), then one at least
is never last!

Let us suppose now that we have single peakedness and not condition

C. There exists Y C X such that at least 3 obJects of Y appear in

the last rank of the orders of E(Y). Let us consider a triple T of
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such three objects. In E(T) the three objects of T will be encountered '
in the last rank-which is in contradiction with the hypothesis. '

! Theorem 3: The maximum number of votes in a profile following

n-1

single peaskedness (or single cavedness) is 2 if n 1is the number of

alternatives.

Proof: Let us consider the case of single peakedness. From

Romero [1978], the same result will hold for single cavedness. According

to Proposition 3, there are at most two different objects in the last
position, say y and z. If one considers the votes ending in y for
instance, the penultimate object (being the last for X - y) can be
one of only two objects in X - y and so on.

We obtain, hence an upper bound of o8l It is known that this
upper bound is reached in the Blackian particular case.

The case of the "not-in-the-middle” condition had resisted Kohler,

had been thought to be identical to bipartition by Inada, and was more

mysterious. However:

Proposition 4: The maximum number of different votes in a profile

following the bipartition condition is 2n-1’ where n denotes the

number of alternatives.

Proof: The result is trivial for n = 2. Let us suppose it true

from 2 to n - 1, and let us prove it for n. If X has n objects,

- b .

n> 2, {Xl,X2} is a bipartition of X in non-empty sets such that all

the votes can be written under the shape X X, or XJX,. ,Xl, =m, [ §

R T
G
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|X2| =p, m+ p=n. The different votes in E(Xl) are 221, in

E(Xz), 221 at most. Hence, the different votes in E(X) are at

most
2 x 1y Pl o ool

In order to count the maximal number for the not-in-the-middle condition,
I first tried a technique directly similar to Kohler's technique. This

gave the following

Proposition 5: The not-in-the-middle condition is equivalent to

the following: C': VY CX, IYI > 3 there exists at least a pair of

alternative x, y € Y not to be ranked simultaneously as the extremals

in E(X).

Proof: Let Y be any triple. C' = not-in-the-middle for Y.
Not-in-the-middle = C': consider the negation of C' i.e.
3 Ycx, |Y| > 3 such that all pairs xy of alternatives are extremals
in at least one of the votes of E(Y).

Consider then a triple {x,y,z} of alternatives in Y. There
exists at least in E:

8' such that in 6'(Y) one has X...y...z2 Or 2z...¥y...X

o" such that in 0"(Y) one has X...Z...y Cr ¥...z...X

'  such that in 6'"(Y) one has 2z...X...¥y OF ¥...X...Z

and the not-in-the-middle condition cannot be respected.
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Proposition 6: If a profile follows the not-in-the-middle

condition, the set of pairs of alternatives which can be ranked simul-
taneously as extremes in an individual order can be identified with
the set of edges of a bipartite graphe, the vertices of which are the

elements of X.

Proof: Let us consider a profile E on n objects, satisfying
the not-in-the-middle condition. Let us associate with E the graph G,
the vertices of which being the elements of X, and the edges of which
Joining vertices which are simultaneously extremes in one individual
order at least. Then, clearly, G is triangle free (i.e., does not
contain any circuit made of 3 edges only). We shall prove by induction
and reduction ad absurdum that G is odd circuit free (i.e., does not
contain any circuit made of an odd number of edges).

Let us suppose that the theorem is true from 3 to 2p - 1 objects,
in other words that any G 1is free from circuits of odd order smaller
or equal to 2p - 1 and that, on the contrary, there exists a profile E
with a corresponding G which contains a circuit (a...tuvxyzabcdef...a)
of order 2p + 1. Let us consider an individual order in E having “a"
and "z" as extremals. We can always suppose that "a" 4is the first
and "z" the last. Then, the penultimate can be neither x (for, in
the set, {a...tuvxabed...a}, one would close an odd circuit of order

smaller than 2p + 1), nor u, ... nor e, nor c. For the same reason,

the second obJect in the considered vote is none of these objects.

For this reason, the pair making the second and the penultimate can only
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be made of elements in b, d, £ ... t, v, y. But if such a pair is
chosen, the graph corresponding to the vertices of part of the circuit
including the pair, and all the vertices which are on the side of the
circuit which does not include a and 2z, closes an odd circuit of
order smaller that 2p + 1. Being without odd circuit, G is bipartite

according to the classical result.

A more direct approach, with the help of Theorem 2 proved to
be more efficient. It is clear that any profile satisfying the not-in-
the-middle condition can be obtained by introducing additional alter-
natives progressively into individual orders, always respecting the
condition. (The reverse could be obtained by deleting progressively

the alternatives from E(X)).

Proposition 7: In the progressive process of constructing a

profile on n objects following the not-in-the-middle condition, a new
alternative introduced in E(Y) can only be introduced at two different

ranks for each vote in E(Y).

Proof: Let us suppose, on the contrary that, for one vote,
x could be introduced in three different ranks, i < J < k. In the vote
in E(Y) the object in rank i is y, the object in rank J is z.

The three orders including x and coming from the considered vote are

then

cosXeosYereZasa

cesYeoaXeoel

...y...z...x...
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Hence, the triple x, y, z does not follow the not-in-the-middle

condition, which is contrary to the hypothesis.

Theorem 4: Let E be a profile satisfying the not-in-the-
middle condition. If it follows a bipartition condition, it has a

maximum of 2n-1 different votes. If it does not follow a bipartition

condition, it has a maximum of oh-2 different votes.

Proof: 1In the first case, the result comes from Proposition k.
According to the Theorem 2, in the second case, the profile E is such that
it counts at least four objects forming configuration K. But if a
profile on four objects follows the not-in-the middle condition and not the
bipartition condition and contains all of the four votes of the configuration
K, then no other vote can be added without destroying the not-in-the-middle
condition. Any vote is going to begin by a letter and configuration K
is completely symetrical: hence it is enough to prove that no vote

beginning by an "a" can be added. Those votes are

abdc 1
acbd 2
acdb 3
adcb 4
adbdbc 5

(they, of course, have to be different from abed).
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In K, b is the only one to never be in the middle of ({b,c,d}.
Hence, votes 2 and 5 are inacceptable. In the same way c¢ is the only
one to never be in the middle of .{a,b,c} in K, hence votes 3 and k
are inacceptable. In the same way, d is the only one to never be in the
middle of {a,d,c} in K, hence vote 1 is inacceptable.

For this reason, let us consider a, b, ¢, d, objects of X
such that E contains configuration K, and let us look at the different
votes in E({a,b,c,d}). They are at most four. Adding a new element
A of X to the set {a,b,c,d}, I shall have in E({abcdr}) at most
2 x 22 ... using this progressive process to build up E(X), one sees

clearly that each different vote in one step can at most give two

different votes at the following step. From this comes the result.

‘ The conclusion of this paper however paradoxical is simple:
Arrow-Black's and Inada's conditions on triples do not allow more
diversity individual orders than the more restrictive looking Black's
condition with a reference order. If one considers that the culture
imposes one of these conditions to the individual, and that a measure of
his freedom consists in the number of different opinions he is allowed
to have (in order to have the right to vote), no more is offered by the

conditions on triples only.

- - BRTOPULOAAIEY K - =8 2w T P




-18-

References

Arrow, K.J. [1963], Social Choice and Individual Value, New York: Wiley.

Black, D. [1958], The Theory of Committees and Elections, Cambridge
University Press.

Inada, K.Y.C. [1964], "A Note on the Simple Majority Decision Rule,"
Econometrica, 32, 196L.

Kohler, G. [1978], Choix Multicritere et Analyse Algebrique des Donnees
Ordinales. Thesis, Grenoble, France.

Morton, G. [1966], Math. Review No. 1119.

Raynaud, H. [1979], "A Propos de Quelques Conditions de Transitivite de

la Methode Majoritaire Bien Connues," Collogue Aide a la Decision
] et Jeux de Strategies: Aspects Multi-Criteres, Bruxelles Institut
des Hautes Etudes.

Romero, D. [1978], Variations sur 1'Effet Condorcet. Thesis Grenoble.

Sen, A. [1979], Last Words of Concluding Remarks in Social Choice Theory,

a paper prepared for the Handbook of Mathematical Economics (to
appear ed. K.J. Arrow and M. Intriligator).

-

ol Oon eme o




:
J
;.
»
'

Gl Sl i S e

160.
161.
le2.
163.
lod.
165.
166.
167.

168.

169.
170.

171.
172.

173.
174,

175.
176.

177.

178.
179.

180.
181.
182.
183.
184.
185.

186.

187.
188.

189.
190.
191.
192.
193.
194.
195.
196.
197.
198.
199.
200.
201.
202.
203.
204.
205.
206.

REPORTS IN THIS SERIES

*The Structure and Stability of Competitive Dynamical Systems,” by David Cass and Karl Shell.
“Monopolistic Competition and the Capital Market,” by J. E. Stiglitz.

*The Corporation Tax,” by J. E. Stiglitz.

“Measuring Returns to Scale in the Aggregate and the Scale Effect of Public Goods,” by David A. Starrett.
“*Monopoly, Quality, and Regulation,” by Michael Spence.

**A Note on the Budget Constraini in a Mode} of Borrowing,” by Duncan K. Fuley and Martin F. Hellwig.
“Incentitives, Risk, and Information: Notes Towards a Theory of Hierarchy,” by Joseph E. Stiglitz.

“Asymptotic Expansions of the Distributions of Estimates in Simultaneous Equations for Alternative Parameter
Sequences,” by T. W. Anderson.

*“Estimation of Linear Functional Relationships: Approximate Distributions and Connections with Simultaneous
Equations in Econometrics,” by T. W. Anderson.

“*Monopoly and the Rate of Extraction of Exhaustible Resources,” by Joseph E. Stiglitiz.

*Equilibrium in Competitive Insurance Markets: An Essay on the Economics of Imperfect Information,” by
Michael Rothschild and Joseph Stiglitz.

“Strong Consistency of Least Squares Estimates in Nesmal 1i~ear Regression,” by T. W. Anderson and John B. Taylor.

“Incentive Schemes under Difterential Information St: - -+ »n Application to Trade Policy,” by Partha Dasgupta
and Joseph Stiglitz.

*“The Incidence and Efficiency Effects of Taxe. +r 5. v - &2 Capital,” by John B. Shoven.

“*Distribution of a Maximum Likelihood Est*.iix =+ 77w foeviicient: The LIML Estimate for Known Covariance

Matrix.” by T. W. Anderson and Takamitsu Saw.:
“A Comment on the Test of Overidentifying Re -+ ¢ ~.s ” by Joseph B. Kadane and T. W. Anderson.

“An Asymptotic Expansion of the Distrib "tivs o +& vfaximum Likelihood Estimate of the Slope Coefficient in a
Linear Functionul Relutionship,” by T. W. ‘tnderson.

“Some Experin..ntal Results on the Statistical Properties or Least Squares Estimates in Control Problems,” by
T. W. Anderson and John B. Taylor.

*“A Note on “Fulfilled Expectations™ E. ilibna,” by David M. Kreps.

“Uncertainty and the Rate of Extraction under Alternative Institutional Arrangements,” by Partha Dasgupta and
Joseph E. Stiglitz.

“Budget Displacement Effects of Inflationary Finance.” by Jerry Green and E. Sheshinski.

“Towards a Marxist Theory of Money.” by Duncan K. Foley.

“The Existence of Futures Markets, Noisy Rational Expectations and Informational Externalities,” by Sanford Grossman.
*On the Efficiency of Competitive Stock Markets where Traders have Diverse Information,” by Sanford Grossman.

A Bidding Model of Perfect Competition.” by Robert Wilson.

“A Bayesian Approach to the Production of Information and Learning by Doing.™ by Sanford J. Grossman. Richard E.
Kihistrom and Leonard J. Mirman.

“Disequilibrium Allocations and Recontracting.” by Jean-Michel Grandmont. Guy Laroque and Yves Younes.

**Agrecing to Disagree.” by Robert J. Aumann.

“The Maximum Likelihood and the Nonlinear Three Stage Least Squares Estimator in the General Nonlinear Simultaneous
Equation Model.” by Takeshi Amemiya.

“The Modified Second Round Estimator in the General Qualitative Response Model.” by Takeski Amemiya.

“Some Theorems in the Linear Probability Model,” by Tukeshi Amemiya.

*“The Bilinear Complementarity Problem and Competitive Equilibria of Linear Economic Models.” by Robert Wilson.
“Noncooperative Equilibrium Concepts for Oligopoly Theory,” by L. A. Gerard-Varet.

“Inflation and Costs of Price Adjustment.” by Eytan Sheshinski and Yoram Weiss.

“*Power and Taxes in u Multi-Commodity Economy.” by R. J. Aumann and M. Kurz.

“Distortion of Preferences. Income Distirbution and the Case for a Linear Income Tax.” by Mordecai Kurez.

*“Search Strategies for Nonrenewable Resource Deposits,™ by Richard J. Gilbert.

“Demand for Fixed Factors, Inflation and Adjustment Costs,” by Eytan Sheshinski and Yoram Weiss.

“*Bargains and Ripoffs: A Model of Monopolistically Competitive Price Dispersions.™ by Steve Salop and Juseph Stiglitz.
“The Design of Tax Structure: Direct Versus Indirect Taxation by A, B. Atkinson and J. E. Stiglitz.

“Market Allocations of Location Choice in a Model with Free Mobility " by David Starrett.

“Efficiency in the Optimum Supply of Public Goods,™ by Lawrence J. Lau, Eytan Sheshinski and Joseph F. Stiglitz.
*“Risk Sharing, Sharecropping and Uncertain Labor Markets.” by David M. G. Newberry.

*On Non-Walrasian Equilibria,” by Frauk Hahn.

“A Note on Elasticity of Substitution Functions,” by Lawrence J. Lau.
“Quantity Constraints as Substitutes for Inoperative Markets: The Case of the Credit Markets.” by Mordecai Kurz.
“Incremental Consumer’s Surplus und Hedonic Price Adjustment,” by Robert D. Willig.




S e w,rvvr—"‘?'wi'—'_‘
o v N .

| Py

207.
208.

240.
241
242,
243.
244,
245.
246.
247
24K,
249,
250.
251.

A

283,
254,
255,
256.
257.

25K,
259,

REPORTS IN THIS SERIES
“Optimal Depletion ot an Uncertam Stock ™ by Richard Gilbert.

“Some Minmmum Chi-Square Estimators and Comparisons of Normal and LogisticaModels in Qualitative Response
Analysis.” by Kumio Morimune.

*A Characterizanon of the Optimality of Egwlibrium in Incomplete Markets,” by Sanford J. Grossman.

“tnflation and Taxes m a Growing Eeonomy with Debt and Equity Finance,” by M. Feldstein, J. Green and E. Sheshinski.
*The Specification and Estimatton of a Multivartate Logit Model.” by Takeshi Amemiya.

Prices and Queues as Screening Devices in Competitive Markets,” by Joseph E. Stiglitz.

“Conditions for Strong Consistency ot Least Squares Estimates in Linear Models,” by T. W. Anderson and John B. Taylor.
“Utilitananism and Horizontal tquity: The Case for Random Taxation,” by Joseph E. Stiglitz.

“Simple Formulae tor Optimal Income Taxation and the Measurement of Inequality,” by Joseph E. Stiglitz.

“Temporal Resolution of Uncertainty and Dynanne Choice Behavior,” by David M. Kreps and Evan L. Porteus.

“The Estimation of Nonlinear Labor Supply Functions with Taxes from a Truncated Sample,” by Michael Hurd.

“The Weltare Liuplications of the Unemployment Rate.” by Michael Hurd.

“Keynesian Econonies and Generad Equilibriuim Theory: Retlections on Some Cusrent Debates,” by Frank Hahn.

*The Core of an Exclange Economy with Ditferential Information.” by Robert Wilson.

“A Competitive Model of Exchange” by Robert Wilson.

“Intermediate Preferences and the Majority Rule.” by Jean-Michel Grandmont.

“The Fixed Price Equilibria: Some Results in Lovcal Comparative Staties.” by Guy Laroque.

*On Stockholder Unaninuty in Making Production and Financial Decisions,” by Sanford J. Grossman and Joseph E. Stiglitz.
“Selection of Regressors.” by Takeshi Amemiya.

*A Note on A Random Coetficients Model.” by Takeshi Amemiya.

A Note on g Heteroscedastic Model ™ by Takesht Amemiyva.

“Weltare Measurement for Local Public Finance.™ by David Starrett.

“Unemployment Equilibrium with Rational Expectations,” by W, P. Heller and R. M. Starr.

A Theory of Competinve Equilibrinm in Stock Market Economies,” by Sanford J. Grossman and Oliver D. Hart.
*An Application of Stein’s Methods 1o the Problem of Single Period Control of Regression Models,” by Asad Zaman.
*Second Best Welfare Leonomics m the Mixed Feonomy ™ by David Starrett.

“The Logic of the Fix-Price Method.™ by Jean-Michel Grandmont.

*Tables of the Distrihution ot the Maximum Likelihood Estimate of the Slope Coefficient and Approximations,” by
1. W. Anderson and Takamitsu Sawa.

“Further Results on the Informational Etficiency of Competitive Stock Markets,” by Sanford Grossman.

“The Estimation of a Simultaneous-Equation Tobit Model.” by Tukeshi Amemiya.

*The Estimation of a Simultaneous-bquation Generalized Probit Model.” by Takeshi Amemiya.

*“The Consistency of the Maximum Likelihood Estimator in a Disequilibrium Model,” by T. Amemiya and G. Sen.

“Numencal Fvatuation of the Exact and Approximate Distribution Functions of the Two-Stage Least Squares Estimate,”
by T. W. Anderson and Takamitsu Sawa.

“Risk Measurement of Public Projects.” by Rabert Wilson.

*On the Capitalization Hypothesis in Closed Communities,” by David Starrett.

*A Note on the Uniqueness of the Representation of Commodity-Augmenting Technical Change,” by Lawrence J. Lau.
“The Properts Rights Doctrine and Demand Revelation under Incomplete Information,” by Kenneth J. Arrow.
*Optimal Capital Gains Taxation Under Limited Information.” by Jerry R. Green and Eytan Sheshinski.
“Straightforward Individual Incentive Compatibility in Large Economies.” by Peter J. Hammond.

~On the Rate of Convergence of the Core.” by Robert J. Aumann.

“Unsatisfactory Equilibria.” by Frank Hahn,

“Existence Conditions for Aggregate Demand Functions: The Case of a Single Index.” by Lawrence J. Lau.
“Ewstence Conditions for Aggregate Demand Functions: The Case of Multiple Indexes.” by Lawrence J. Lau.
A Note on Exact Index Numbers.” by Lawrence J. Lau.

“Linear Regression Using Both Temporally Aggregated and Temporally Disaggregated Data.” by Cheng Hsiao.
“The Existence of Economic Equilibria: Continuity and Mixed Strategies,” by Partha Dasgupta and Eric Maskin.

“A Complete Class Theorem for the Control Problem and Further Results on Admissibility and Inadmissibility.” by Asad Zaman.

“Measure-Based Values of Market Games.” by Sergiu Hart.
“Altruism as an Qutcome of Social Interaction,”™ by Mordecai Kurz.
*“A Representation Theorem for *Preference for Flexibility™,” by David M. Kreps.

“The Existence of Efficient and Incentive Compatible Equilibria with Public Goods.” by Theodore Groves and
John O. Ledyurd.

“Etficient Collective Choice with Compensation.” by Theodore Groves,
“On the hmpossibility of Informationally Efficient Markets.” by Sanford J. Grossman and Joseph E. Stiglitz.

nd o omm o




REPORTS IN THIS SERIES

260. “Values for Games Without Sidepayments: Some Difficulties With Current Concepts,” by Alvin E. Roth,
261. “*Murtingles and the Vuluation of Redundant Assets,” by J. Michael Harrison and David M. Kreps.
262, *Autoregressive Modelling and Money  Income Causality Detection,” by Cheng Hsiao.
263. “Measurement Error in a Dynamic Simultaneous Equations Model without Stationary Disturbances,” by Cheng Hsiao.
264. “The Measurement of Deadweight Loss Revisited,” by W. E. Diewert.
2685. “The Elasticity of Derived Net Supply and a Generalized Le Chatelier Principle,” by W. E. Diewert.
266. “Income Distribution and Distortion of Preferences: the £ Commodity Case,” by Mordecai Kurz.
267. “The n™2 Order Mean Squared Errors of the Muximum Likelihood and the Minimum Logit Chi-Square Estimato-,” by Takeshi Amemiya.
268. *“Temporal Von Neumann-Morgenstern and Induced Preterences)” by David M. Kreps and Evan L. Porteus.
269. “Take-Over Bids und the Theory of the Corporation,” by Stanford Grossman and Oliver D. Hart.
270. “The Numerical Values of Some Key Parameters in Econometric Models,” by T. W. Anderson, Kimio Morimune and Takamitsu Sawa.
271. “Two Representations of Information Structures and their Comparisons,” by Jerry Green and Nancy Stokey.
) 272. “Asymptotic Expansions of the Distributions of Estimators in a Linear Functional Relationship when the Sample Size is Large,” by

Naoto Kuaitomo.

\ 273, “Public Goods and Power,” by R. J. Aumann, M. Kurz and A. Neyman.
274 “An Aviomatic Approach to the Efficiency of Non-Cooperative Equilibrium in Economies with a Continuum of Traders,” by A. Mas-Colell.
275, “Tables of the Exact Distribution Function of the Limited Information Maximum Likelihood Estimator when the Covariance Matrix in

Known,” by T. W. Anderson and Takamitsu Suwa.
276. “Autoregressive Modeling of Canadian Money and Income Data,” by Cheng Hsiao.
277. “We Can’t Disagree Forever,” by John D. Geunakoplos and Heraklis Polemarchakis.
278. “Constrained Excess Demand Functions,” by Herklis M. Polemarchakis.
279. *On the Bavesian Selection of Nash Equilibrium,™ by Akira Tomioka.
280. *Disequilibrium Fconometrics in Simultaneous Equations Systems,” by C. Gourierous, J. J. Laffont and A. Monfort.
281. “Duality Approaches to Microeconomic Theory,” by W. E. Diewert.
282. A Time Series Analysis of the Impact of Canadian Wage and Price Controls,” by Cheng Hsiao and Oluwatayo Fakiyesi.
283. *A Strategic Theory of Intlation,” by Mordecai Kurz.
284. “A Characterization of Vector Measure Games in pNA,” by Yair Tauman.
28S. *On the Method of Taxation and the Provision ot Local Public Goods,™ by David A, Starrett.
286. **An Optimization Problem Arising in Economics: Approximate Solutions, Linearity, and a Law of Large Numbers,” by Sergiu Hart.
287. “Asymptotic Fxpansions of the Distributions of the Estimates of Coefficients in a Simultaneous Equation System,” by Yasunori
Fujikoshi, Kimio Morimune, Naoto Kunitomo and Masanobu Taniguchi.
288. “Optimal & Voluntary Income Distribution,” by K. J. Arrow.
289. “Asymptotic Values of Mixed Games,” by Abraham Nevman.
290. “Time Series Modelling and Causal Ordering of Canadian Money, Income and Interest Rate,” by Cheng Hsiao.
291. “An Analysis of Power in Exchange Economies,” by Martin J. Osborne.
292. “Estimation of the Reciprocal of a Normal Mean,” by Asad Zaman.
. 293. “Improving the Maximum Likelihood Estimate in Linear Functional Relationships for Alternative Parameter Sequences,” by Kimio

Morimune and Naoto Kunitomo.
“Calculation of Bivariate Normal Integrals by the Use of Incomplete Negative-Order Moments,” by Kei Takeuchi and Akimichi Takemura.

295. *On Partitioning of a Sample with Binary-Type Questions in Lieu of Cotlecting Observations,” by Kenneth J. Arrow, Leon Pesotchinsky
and Milton Sobel.

""v""'.T il A o S e w"'? -
~
o
Y

296.
297. “The Two Stage Least Absolute Deviations Estimators,” by Takeshi Amemiya.
298. “Three Essays on Capital Markets,” by David M. Kreps.
299. “Infinite Horizon Programs,” by Michael J. P. Magill.
: 300. “Electoral Qutcomes and Social Log-Likelihood Maxima,” by Peter Coughlin and Shmuel Nitzan.
' 301. *“Notes on Social Choice and Voting,” by Peter Coughlin.
- 302. “Overlapping Expectations and Hart’s Conditions for Equilibrium in a Securities Model,” by Peter J. Hammond.
: 1 303. “Directional and Local Electorate Competitions with Probabilistic Voting,” by Peter Coughlin and Shmuel Nitzan.
T 304. *Asymptotic Expansions of the Distributions of the Test Statistics for Overidentifying Restrictions in a System of Simultaneous
L Equations,” by Kunitomo, Morimune, and Tsukuda.
i 0 305. “Incomplete Markets and the Observability of Risk Preference Properties,” by H. H. Polemarchakis and L. Selden.
. 306. “Multiperiod Securitics and the Etficient Allocation of Risk: A Comment on the Black-Scholes Option Pricing Model.” by
! David M. Kreps.
‘ 307. “Asymptotic Expansions of the Distributions of k-Class Fstimators when the Disturbances are Small,” by Naoto Kunitomo,
i Kimio Morimune, und Yoshihiko Tsukuda.
4 308. “Arbitrage and Fquilibrium in Fconomies with Infinitely Many Commodities,” by David M. Kreps.
1 309. “Unemployment Equilibrium in an Economy with Linked Prices,” by Mordecai Kurz.
LY 310. “Pareto Optimal Nash Equilibria are Competitive in a Repeated Feonomy,™ by Mordecai Kurz and Sergiu Hart.
311. “Identification.” by Cheng Hsiao.
312, “An Introduction to Two-Person Zero Sum Repeated Games with Incomplete Information,” by Sylvain Sorin.




Reports in this Series

313.

31k,

315.

316.

317.

318.

319.

320.

321.

322.

323,

324,

325.

326.

327.

328.

329.

330.

"Estimation of Dynamic Models With Error Components,” by T. W.
Anderson and Cheng Hsiao.

"On Robust Estimation in Certainty Equivalence Control," by
Anders H. Westlund and Hans Stenlund.

"On Industry Equilibrium Under Uncertainty," by J. Dréze and
E. Sheshinski.

"Cost Benefit Analysis and Project Evaluation From the Viewpoint
of Productive Efficiency" by W. E. Diewert.

"On the Chain-Store Paradox and Predation: Reputation for
Toughness," by David M. Kreps and Robert Wilson.

"On the Number of Commodities Required to Represent a Market
Games," Sergiu Hart.

"Evaluation of the Distribution Function of the Limited
Information Maximum Likelihood Estimator," by T. W. Anderson,
Naoto Kunitomo, and Takamitsu Sawa.

"A Comparison of the Logit Model and Normal Discriminant
Analysis When the Independent Variables Are Binary," by Takeshi
Amemiya and James L. Powell.

"Efficiency of Resource Allocation by Uninformed Demand," by
Theodore Groves and Sergiu Hart.

"A Comparison of the Box~Cox Maximum Likelihood Estimator and
the Nonlinear Two Stage Least Squares Estimator,”" by Takeshi
Amemiya and James L. Powell.

"Comparison of the Densities of the TSLS and LIMLK Estimators
for Simultaneous Equations," by T. W. Anderson, Naoto Kunitomo,
and Takamitsu Sawa.

"Admissibility of the Bayes Procedure Corresponding to the Uniform
Prior Distribution for the Control Problem in Four Dimensions but
Not in Five," by Charles Stein and Asad Zaman.

"Some Recent Developments on the Distributions of Single-Equation
Estimators,"” by T. W. Anderson.

"On Inflation", by Frank Hahn

Two Papers on Majority Rule: "Continuity Properties of Majority
Rule with Intermediate Preferences," by Peter Coughlin and Kuan-Pin
Lin; and, "Electoral Outcomes with Probabilistic Voting and Nash
Social Welfare Maxima," by Peter Coughlin and Shmuel Nitzan.

"On the Endogenous Formation of Coalitions,” by Sergiu Hart and
Mordecai Kurz.

"Controliability, Pecuniary Externalities and Optimal Taxation,"
by David Starrett.

"Nonlinear Regression Models," by Takeshi Amemiya.




Y

S ik

B " v

B . TR vy

.

-+ e Aail

Reports in this Series
"Paradoxical Results From Inada's Conditions For Majority Rule,"

by Herve Raynaud.

331.







