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Previously we have shown thnt’%n fundamental problem of
determining th.‘utility of a cammunication channel in conveying
information mégebe vieved as a problem vithin the fremevork of wulti-
stage decision processes of stochastic type, and as such & treated
by the theory of dynsmic programming. Rasbhesmere the relations between

AN R
utility and capacity, in Shannon's sense, hawa—tvssn indicated.
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communication problems involving the use of a channel vhose properties

are not completely known, and those involving processes of random

duntion,}\ Wm&

Preiintinn TUSOMY .
Owr—atm-4o—-44-ohou Lox guise, general processes san-beo-drented

iu & uniform fashion by the functional equation technigue of dynamie
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SUMMARY

ON COMMUNICATION PROCESSES INVOLVING

LEARNING AND RAXDOM DURATION

vy
Richard Bellman and Robert Kalaba ,

In tvo earlier papers, [2] ) isJ , vo have shown hov several general
classes of stochastic communication problems may be vieved as multi-stage
deeision proocesses of stochastic type, [1] . Our purpose here is to
cxtend these comsiderations to more general ard realistic cammunication
situations involving (1) channels vhose properties are only partially
known; (2) communication ] rooesses of rundom length; () alloeation of
signal detection equipment.

Our diseussion revolves around the dstermination of the 'utility’
of a communication chammel, vhere, naturally, the uti{lity depends upon
the use to vhich the channel is to be put. We conceive of a three-element
cammunication system consisting of a source of signals, a cammunication
channel, and an observer, and assume that the observer uses the received
signals (in an optimal fashion) to aid in achieving scme objective, in
the cowse of a multi-stage process. The utility of the channel can
then be measured by comparing the observer's performance against the
performance o a hypothetical reference observer provided vith an error-
free channsl, or against one provided vith no channel at all.

The situations covered are quite broad in scope. Not only 4o our
ccasiderations apply t0 strioctly technological cammunication problems,

but alsc to general problems of experimental physies, in vhich nature
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is the source, the experimenters are the channel, and the scientific
corpe is the observer. Also describadble in this vay are problems of
forecasting (veather or economic conditions), ete.

We have shown previously hov a variety of problems arising from
this general framevork can be formulated as problems involving funetional
equations of a novel type vhich can be saolved analytiecally 1o some cases
and in otner cases by the use of computing machines. In particular,
generalizirg and extending results of Kelly, Lh] , ve have indieatsd
the connecti{on between channel utility and channel ocepacity in the
sense of Shannon.

In the present vork, ve consider the important case in wvhich the
channel has fixed, but not completely known, characteristics. In the
course of tha process, the observer not only makes decisions on the
basis of knowledge possessed, in an effort to attain his goal, but also

attempts to deduce the characteristica of the system from the events

that have occurred (see Robbins , t'sj , for an ipteresting expositian of learning

processes). Depending on hov the term 'not campletely knowr' is
interpreted, wve obtain & hierarchy of proocesses vhich can be treated
by the functional eqguation technique 01 aynamic¢ programming.

Next ve consider processes, vhich in addition to possessing the
previous features possess the complication of huving random duration.
Various radar dstection processes are of this type.

The foregoing problems are in turn special cases af still more
general problems arising in prediction theory. Here we encounter the
additional difficulties of utilizing various types of canannels, vith

different relinbility charucteristiocs and different costs. Fibpally,
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extensions of these proocesses lead to problems {nvolving limited storage
of information, and delays in both processing information and evaluating
the results of previous decisions.

Our aim throughout is tc illustrate hov quite gensral processas
of the types described above can he t'eated in a uniform fashion by

means of the theory of dynamic programming.
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