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01 COtlUHICAnOIf PirCE33ES IHVOLVIIW 

IXAJQflflO AKD RAHDOM DUlUTIOlf 

by 

Richard BelliMn and Robert K»lAb« ' 

la tvo •airlltr pap«r«. 2 ,     '     ,  v» havti  «hovn how ••voraJ  g«n«ral 

el*«Ma of rtoohajtle CM—mil oat Ion probi«M wmy b« vl«v*d a« aultl-staga 

dvolsloe proo««s«f of rtochajitlo tyj»,  j1 | •    O^u* rurpoa« h«ro  la to 

ortead the«« eoMldaratlon« to aort general aad reallrtlo o<—unloatloo 

situation« lorolvlof    (1)  ehannele vhoee properties are only partially 

kaova;     (2)  ei:—mil cation j rooesses of randoa length;     (5) allocation of 

slgaal detection equlpaent. 

Our dlscussloD rcrolres around the determination of the  'utility' 

of a  ei—mill eat loo channel,  where,  naturally,  the  utility depends  upon 

the  use to vhlch the  channel  Is to be put.    We conceive of a three-eleaent 

or—mil cation sjstea consisting of a source of signals, a coMunlcat 1 on 

channel, and aa observer,   and assvew that the observer uses the  received 

signals (la an optlnal fashion) to aid In achieving soae objective.   In 

the course of a aultl-stage process.    The utility of the channel can 

then be aeasured by comparing the observer's performance against the 

performaace of a hypothetloal  reference observer provided vlth an error- 

free  channel,  or against one provided vlth oo channel at all. 

The situations covered are quite broad In scope. Not only do our 

ccnal de rations apply to strictly technological oo—ualoatlon problems, 

but also to general problems of experlmsntal physics,  In vhlch nature 
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Is the •oure«, the «xptrlJMtxiters ivre th» chamwl, ajid th« «elentlfic 

oorpe Is the observer. Also daeerlbable in this vay are problem« of 

foreeeutlag (veather or •oaoamlc condition«),  etc. 

We have «hcvn previously how a variety of problems arising frosi 

this genenvl  freusevurt  can be formulate as problems involving functional 

equation«  of a novel type vhich can be  solved analytically in some oases 

and in olner cases  by the use   of coaputln« Machines.     In particular, 

generalitiLg and extending results of Kelly,    U        v« have  l.-xHoat^d 

the connection between channel utility ind channel oapaclty  In the 

eense of Shannon. 

In the present work, ve consider the  important case  in which  the 

channel has fixed,   but not canpletely knovn,  characteristics.     In tho 

course of th« process,  the observer not only aakes decisions on the 

basis of knowledge  poaseased,   in an effort to attain hi«  goal,   but also 

attempt a to deduce  the  characteristics  of the system from the event« 

that hare  occurred   (see ftobblns ,     V   ,   for as interesting exposition of learning 

processes).    Depending on how the  term    not completely knovn'   is 

Interpreted,  we  obtain n hierarchy of prooesse« which can be treated 

by the functional  equation technique  01   oynamic prograating. 

Next we  consider processes,  which  in addition to possessing the 

previous features possess the  cosapllcatlon of having random duration. 

Various radar detection processes ore  of  this type. 

The foregoing problems are In turn special oases of still more 

general problems  arising in prediction theory.    Hers ve encounter the 

additional  difficulties of otlliilng various types of cnannels,  with 

dlffsrent  rellnbillty charucteristioe  and different costs.     Finally, 
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ertenBlozus of thes« prooetset lead to prob 1 ana Involving Halted stora^« 

of informatloc, and J^Iny» ID both procasain« Infonmtlon aod avaluatlo« 

the  raaulta of prevloua  äacliiona. 

Our all throughout  la tc ILIuatrat«  how quit« ganantl prooeaaaa 

of  tht  typaa daacrlbad abova OAA b« tr-eatad  in a unlfona faahlon by 

—aaa of tha theory of dynaalc prognuatlag. 
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