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Let A -| Hecp oS } be a sequence of possible outcomes one is 
interested in (e.g. income levels, votes, population killed in a war, 
unemployment, etc). A probability distribution over A may be represented 
by a sequence pj, Pp «.., where p, is the probability of outcome a, 
(Pp, 2 0, all n, and py +p) +... = 1). The basic problem is to describe 
the structure of "rational" preferences among different probability dis- 
tributions over A. Write p > q if probability distribution p is preferred 
or indifferent to distribution q, Assume > is transitive and reflexive, 
but not necessarily complete (i.e. there may be non-comparable distributions). 
> stands for strict preference,~for indifference. 

A utility function u = A~> reals may be represented by a sequence 1, 
22 + + +2 where u, is the utility of outcome a. For given distribution 

P, the expected utility is py uy +p, uy t... 
Distribution p is preferred or indifferent to q on the expected utility 

sxiterion (notation p> 4) iff py uj + pp uy +... Da, Uta, Upton « 
The trouble is that either or both of these servies may be infinite 

or undefined if u is unbounded. To gain more comparability we change the 

definition to read. 

PB, 4 LEE (Pp) - a) 4, + (Py - ay) Uy +. . «20 (absolute convergence). 
Say that utility function u represents the preference order > iff 

eed <ol> ala 

We now list some plausible axioms that a "rational" preference order 

should satisfy. First some definitions.



= -2- 

Distribution p is finitely concentrated iff P, = 0 for in all but 
@ finite number of indices n, A sequence X1> Xp» +++ is monotone iff 
% 2%, S--., or x 2%) 2 +++ + Let P be the set of all probability 1 
distributions on A, and let F be the set of all finitely-concentrated 
distributions on A. 6 stands for set membership. 
Axiom 1 (finite comparability) Any two finitely-concentrated distributions 
are comparable (p > q or q>p). 

Axiom 2 (strong independence) Let p', q! 6 F, p'', q'' 6 P, with p'>q' 
and p''~4q'', and let 0<t <1; then 

(Ctp' + (1-t) p'' ] > [ tq' + (l-t) q''" ]. 
Axiom 3 For all p', q' € P with p' > q', there exists p'', q'' 6 F and 
O<t<1 such that q'' > p'' and 

C tpt + (-t) p'' ] > [ tq! + (1-t) ql. 
Axton 4 (Archimedean) let p, q 6 P, and let p,, aye K = 1,2,..4, be 
sequences in F such that 

pet) 30) way sc) 
for all outcomes a 6 A; also let the three sequences PCa), 4, (a), 
[p, (a) - 4, (a)], k = 1,2, ..., be monotone for all outcomes a 6 A; 
finall; let p, > q, for all k =1 2, 3 then it is false that qe pe 

a He > Ne > se 
Axiom 5 (maximal comparability) Let >" be another partial ordering on P 

satisfying axioms (1) through (4), and such that, if p >q then p>! q, 
and, if p~wq then p~' q; then > and >' are identical. 
Fundamental Theorem: A preference order > satisfies axioms (1) through 
(5) if and only if there exists a utility function u (not necessarily 

bounded) which represents >,


