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Abstract

The pages of this working paper are copies of transparencies used in a lecture on the
general theory of choice given at the California Institute of Technology June 1991.



Notes about Theory of Pseudo—Criteria and Binary
Pseudo—Relations and Their Application to the
Theory of Choice and Voting

M. A. Aizerman
V. L. Vol’skiy
B. M. Litvakov

This working paper includes copies of transparencies of a lecture! given at the Cal-
ifornia Institute of Technology in June 1991. The lectures were a summary of a line
of investigation that has taken place in the Soviet Union over the past several years.
Hopefully the material is enough to provide an understanding of the ideas and results.

The group lead by Professor Mark Aizerman at the Institute of Control Sciences
of the USSR Academy of Science during the last ten to twelve years has developed
many new ideas concerning the theory of choice and voting. The main line of this
group’s investigations is to find methods for describing individual and collective choice.
In particular, the focus is upon circumstances in which the evaluation of alternatives
depends not only on properties of the alternatives but on the full context of a given set
of alternatives as well.

The investigation began with studying not an internal description of choice (algo-
rithms) but external (input—output) description of choice by use of the language of choice
functions. Later the internal description was also generalized from binary relations (ori-
ented graphs) to group relations (hyper-graphs) [Aizerman, 1985).

During the past several years a new approach has been developed to describe choice
algorithms. This approach uses a direct generalization of the notion of a criterion function
(or utility function) and the associated “binary relation.” These generalizations have been
named pseudo-criterion function and binary pseudo-relations, correspondingly.

In order to select the best alternative, we typically construct a numerical scale for
evaluating alternatives. Classical choice theory assumes that the numerical evaluation
of each alternative depends only upon its properties and remains invariant across all
opportunity sets (all representations which include this alternative). Contrary to this
classical approach, however, we assume that such numerical evaluations can depend upon
context (or the presence or absence of other alternatives in the opportunity set). This
feature of choice problems is typical of evaluations generated by Borda counts, “sum of

1The financial support of the Laboratory for Experimental Economics and Political Science at the
California Institute of Technology is gratefully acknowledged.



points” in tournaments, application of the minmax regret criterion, and for many other
well known methods.

The numerical function which evaluates alternatives, taking into account the context,
is called a pseudo—criterion (pseudo-value function). We develop the language for de-
scribing classes of pseudo—criteria and for investigating choices that use pseudo—criteria.

Natural generalizations of this idea brought us to consideration of binary relations
that depend upon context, which we labeled a binary pseudo-relation (a pseudo—graph).
These new ideas give us the opportunity to discover new properties of some well known
voting procedures such as the Borda count, procedures that use the scale “number of
voices for,” and Fishburn’s procedure, and some others.

Transparencies 1-6 describe the main features of the classical approach to the subjects.
Such results are necessary for an understanding of the remaining transparencies and for
introducing necessary notations.

Transparencies 7 and 8 explain why further generalizations of the classical approach
are necessary.

Transparencies 9-11 provide the main results about the structure of the space of all
choice functions and transparency 12 contains the main results using hyper—graphs for
the internal description of choice.

Transparencies 13-27 provide the main ideas and results about

pseudo—criteria and their applications. Transparencies 29-38 contain results about
binary pseudo-relations and their application to the choice theory.

The reference in transparencies 39-41 includes the main publications in the field.

The authors understand that the notes are not enough to go deeply into this new
field and invite any contacts by those who want more material. Correspondence should
be directed to

Institute of Control Sciences
65, Profsoyuznaya
Moscow 117806 USSR

Phone: 334-88-69
Telex: ICSAN 411899
FAX: 7-095-334.91.10
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310, =@ (0=@*<@) | T
&(K,, — @ (HnC=Q’cH) &

Waﬁo}.ng are exact!



Connection of pseudo-cuitezial *
(nube MaX) and pseudo-

-gzoph (eufe I choices
del Z,(X) ée set a/ominaténg
verlices of geaph G(X).

Pseudogzaphs [iaet |Pseudocsiteria
Jomain in [ @o’"“i’ Domain in¥
(COVIJL;LOn Zp(X)$¢ mé Ruee max
Lot VX< A) X
Rufe T
conditio 4
Kr+t'a’;nsL'(£L?7'iof§ K qu
H, H
M. C Ly
it A
Or "'gob:n‘&i,?tofv&ogg O Ocr
MM ¥of eameis | R
tiyity

Heve Syamd Ly ase nevd copditions o picking
out domains nY, detewmined on the $6bp2ving PGS .
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Domains Sy and L

used in P'zev—aous Yheoserm:

E). i

£ 9 K) (2, N2, XD3 96, X)
VX' X
2° if Y(=,X)2@(E,X) VzeX and
Py, X)29@,X) VzelX,then
PG X) = 9X)  VX'eX
Y < X!

- Lel xeXNX" and
Y, X) > 9@, X") VzelX,
@, X)> Yz X") Vze X"

Jhen ¢(=,X'UX") 2 ¢(2,X'UX")
Vze X'UX"
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] __--P

Y

%e Ftsﬁ@uzn's P'cocea/uze: f&‘z,s’t on
X a majority qza b is a/esi.g,neo'
ond @g it - "Fishbuen’s geaph
Jbits is a seuafogzaph.

Jheorem . Jhe domain of
Fishbuzn's pseudogzaphs in M is
st»‘n.c'teg enclosed into domain Cr'
which fas nonempty intersection
with M.

awxeogousgeg the Millez's
oncedﬂ"le aﬂd tﬁe dtﬁ ezS a%e
studi,ea' .
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