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NON-DISCOUNTED DENUMERABLE MARKOVIAN DECISION MODELS!

By SueLpon M. Ross

Stanford University

0. Introduction. We are concerned with a process which is observed at times
t=20,1,2, - to be in one of a possible number of states. We let I (assumed de-
numerable) denote the number of possible states. If at time ¢ the system is ob-
served in state ¢ then one of K; possible actions must be taken. Unless otherwise
noted we shall assume throughout that K; < < for all z.

If the system is in state ¢ at time ¢ and action K is chosen then two things
oceur: :

(i) We incur an expected cost C(¢, K) and

(i) P{X1 = j| Xo, Do, -, X: = i, A, = K} = P(5,j:K) where {X,} 155
denotes the sequence of states and {A,} X} the sequence of decisions up to time
t+ 1.

Thus both the costs and the transition probabilities are functions only of the
last state and the subsequently made decision. It is assumed that both the ex-
pected costs C(%, K) and the transition probabilities P(7, j:K) are known.
Furthermore it is assumed that the expected costs are bounded and we let M be
such that |C(¢, K)| < M for all ¢, K.

A rule or policy R for controlling the system is a set of functions
{Dx(Xo, Mo, -+ , X¢)} x4 satisfying

0= DK(XO’AO;”' 7Xt) = 17K= 071°"’th
and Yzt Dx(Xo, Ao, -, Xy) = 1

for every history Xo,A0, -+, X, ¢ =0,1,---.

The interpretation being: if at time ¢ we have observed the history
Xo,4, -+, X; then action K is chosen with probability Dx(Xo, - -, X4).

We say that a rule R is a stationary if Dx(Xo,4, -+, X; = %) = D; x inde-
pendent of Xo, Ao, +** , A and ¢t. We say that a rule R is stationary determin-
istic if it is stationary and also D; x = 0, or 1. Thus the stationary deterministic
rules are those non-randomized rules whose actions at ¢ just depend on the state
at time ¢. We denote by C” the class of stationary deterministic rules.

Following Derman [4] the process {(X:, A¢)t = 0, 1, 2, ---} will be called a
Markovian decision process.

Two possible measures of effectiveness of a rule governing a Markovian
decision process are the expected total discounted cost and secondly the expected
average cost per unit time. The first assumes a discount factor 8 ¢ (0, 1) and for
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