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1. Introduction and Summary. For any two finite sets U, V, a Markov matrix
s with row set U and column set V will be called a U, V channel. Thus a U, V
channel is any nonnegative function s, defined for all pairs (u, v), u e U,v e V,
for which

> s(u,v) =1 for all w.
The sets U, V will be called the input and output sets, respectively, of the channel.
We shall denote by M (U, V) the set of all U, V channels. A channel s may be
thought of as a random device which, on being given an input element » ¢ U, pro-
duces an output element » ¢ V, with the probability of a particular output »
given by s(u, v).

A U, V channel s may be used as a means of communication from one person,
the sender, to another person, the receiver. There is given in advance a finite set
D of messages, exactly one of which will be presented to the sender for trans-
mission. The sender encodes the message by an encoding channel s, ¢ M (D, U),
with s1(d, u) being the probability that input « is given to channel s when message
d is presented to the sender for transmission. When the receiver observes the
output v of the transmission channel s, he decodes it by a decoding
channel sy ¢ M(V, D), with s:(v, d) being the probability that, on receiving the
transmission channel output v, the receiver will decide that message d is intended.
The pair (s1, s2) will be called a (D, U, V) code. For a U, V channel s and a
(D, U, V) codec = (81, s2), the matrix e(s, ¢) = sssy, which is an element of
M (D, D) will be called the error matriz of code ¢ in channel s. Its (d, d’) element
is the probability that, when message d is presented to the sender, the receiver
will decide that message d’ is intended, when code ¢ is used on channel s. We
shall be especially interested in the average error probability over all messages
in the set D. This is the number

w(s,¢) = 1 — | D|™ trace (s, ¢),

where | D | denotes the number of elements in the set D.

A code ¢ = (81, s2) will be called pure if only 0’s and 1’s occur as elements of
s1, 82 . The (finite) set of all pure (D, U, V') codes will be denoted by C(D, U, V),
and a probability distribution k¥ over C(D, U, V) will be called a random
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