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1. Introduction. Let S = {u,} be a set of real numbers. A discrete random
variable will be said to be S-valued if S represents the totality of all possible
values of the random variable. If P[X = u,] = p,, then the entropy of X is
defined tobe H, = — 33, p, log p, where the logarithm is taken to the base 2.
It is of some interest to find the maximum value of H, over the set of all S-
valued random variables.

When S is a finite set consisting of n elements, max H, = logn [1]. How-
ever, if the set S is countably infinite, then an S-valued random variable may
have infinite entropy. Since this is the case, it is natural to place some restric-
tions on the set of random variables and to then determine the maximum
entropy. Again, if S is a finite set, this has been done and the result will be
stated in Theorem 1.

Let S = {u,, ---, u,} be a set of real numbers. Let f,, f,, - - -, f,, (m < n) be
m linearly independent real-valued functions. We define

Z(xyy + o0y Xy) = Dy €Xp{— X7, X, fi(uy)}
and H = max H, where the maximum is taken over the set of S-valued random
variables under the condition that Ef, =f9 j=1,2,---,m, for a fixed
collection of numbers { f;*}.

A

THEOREM 1. (1) H = X7, X, f;© 4 log Z(%,, X,, - - -, %,,) where (%, - - -, X,.)
is the unique solution of the set of equations

%[logZ(xl,n-,xm)]:—fj“”, j=1,2,-...m
i

(i) H= —Xi.plogp, and T p.fiw) = f;*, j=1,2,---,m if and

only if
pk:exp{—l— Z;?‘:l)?jf,-(uk)}, k:l92""$n
where 2 = log Z(%,, %,, - - -, X,,)-

A proof of this result may be found in [2] or [3]. We will use it in the case
m = 1 and f(x) = x.
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