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gk {neports of the Acadeny of Sclemces USER], Vol
157, No 2, Moscow, 1961, pages 295-2981 _

10 many practical prablems need arises to control the complex

systems with high numbsr of degrees of freedom, ‘The study of phyeiow

logical processes, guch as construction of motion, awalysis of affers

* ent nerves olte, ieads to this category of problems, Tne attempts to

solve those problems by means ¢f dlassical rathematics very often
tumed out to be unsuccessful, Bren 1 thare is no difficuliles to
fird an appropriats algoriten to solve 211 cases of a problem, the

realization of this algoritim is net always fessible due to the gap
‘petween speed of soliution reguired by 8 problen and offered by con=
LempoTary compaling technigue in resl time S

domaine

Tn situations 1ike these the golution may be achieved by the -
aee of "Crganization?, which is a famillar pattern in physiology,
particularly in hwman wehaviore In other words the solution is atisined
gt the expenss of avolding to oonsider +he most laborious cheotls
situations. Let uwa note, that in many oocazions these dd zadvantageous
chastic situations are most probgkle cases in a sense of formal mathee .
mticﬁl tu-%&t&@'hu : : ) . _

fia paper s sn essay on the sviution of & problen in automatie
control, nemely a problem of autepatic optimization with a high nusber
of opsrative paramaters. . - _
. Tt is well known (Ref 1 and 2) that an adaptive control gystem
4 an sutomatlie feedback control systes which continuorely adapts ite
self to & changing environment oy aondtoring its oun behavior end .
automatically adjusting 1ts parameters 2emvard optimum porioXmancas we -

will call these sdaptive or self-adptive systems sizmply systems with
automatic optimization. Subsequently we will present the avtomatic
optimization prineiple baged wpon & gpecial msthod of organiszed-none
lossl search, guggested by s Mo Gelifand. This method has turned out
10 Le & very effective cnse in computing of an extremun {mnimum or ‘
na:dmm). . . '



Now, let P2y, ouo, wx%@ Yie enss Fy) bs the output function of
ouy syater with subtomatie optimizatien. g}e will eall a group of in-
depandant verlables Xy, see, &K, an oporative growp of arguments, The
values of these zrgusonits vary in the process of automatic searehe
The arpuments F1, eos, ¥y are Loplicit system puravelers, ganerally
axe fanetions of time, tosrsfors the oulput funchion may be wrilten

in thls form CF(e,. ke, Ysseoo Y} = Ol X, 1) '

We have to note, that in salf-sdapiive contiol systams the otite
put function By, oee, 3y, T vsually 45 not given in analytiecs) opr
any other eonerets form, su that the selection of necismsyy optivizsiag
values of gperative parassters is an experimental process. Ths funics
tionel depsndanee of § of time, which 12 not known explicitly, leads.
to nevessity of continuens seaveh for desired waluss of srguments,
Censequently the speed of ssarch is a very laportent factor, 4.6,
roughly zpeaidng, the correstion of the oulpub muset be acecomplishaed
fast enouzh to sateh up with the funclion before 4% 42 too Late %o
affact its : . . : S . :

. dn other words, in ovder 0 koop the optimized output fanetion
in certsin desived limite, 4% 418 necessury o resch thass sxtisfecinry.
values before the Dmelion undorgees & considarsbls chavge in 4%
values Ihe prozisdiy of instonitenuous valus of the funchion to its
cxtramm eould not be used 28 a critevion of the system psrformance;
a following funotiensl oon be usad instead , :

T T @, A ~ (1}

- o o : .
The fimetion Y way bs chosen in different ways, Thus, for instance,
) = § the valua of this functional corresponds to so ealled.
"price of the sozean®, which 45 found in the shmplest eystens of autoe
matic mininizaticn wilh wingle operative parawetsr and single minim
of funotion § (Bef 1), - ‘ : ' ‘

In the prebloms whore 4t 1s safficlent o mainiain the valves ‘
of & no grester than a cortain praserived lerel ¢ (Mindmizaiisn on the
leval} it will bo convenient 4o use a eriterion aobisined from (1) with
the seswspiion - _ , _ -

W= with OE 0 Y@ =1 owth @>c 0 (&)

The automstic search may by accomplished by wezns of different netneds,

which couwid be dividad inde three groups. . : ' _

o First group is the method of random séarch, in which the edperis

mentel trisls of necessary parsmeters are performed Indsosndeniliy one

from another. In thesy ceses elther a1l points of the operative parae

melars space 18 soopned in a certain order; or thess noints will be

- chosen at zondom oud not changsd as long ss values of £ are stild

- satizfactory (homsostal prineiple, Ref 3 and &), During contimuons

ssarch Wy ibese methods, values of & ave not lmproving syatematically

from trial to trial, henne ihe price of the search is highe .
The second group 1s a method of lozal sutomatic ssarch, which
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provides the anslysis of vesulis of each tricl in order to detemine

¥he volues for the next try. o thls group belong methods 1lke
gradiente, rolazation, most replid descent ang some others. Thelr
commen featurs is socalisne an operative point sontinuovsly movas dn
the space of operative argusents and the preparation of the next trial
13 performed taling into sccount values of fanetion © from the previous
trial and expanding them in their neighbourhood. Local ssarch method
provides the better values of B 4n the process of search, which makes
tuis method supsrior to the methed of random seardha. "

However, using oxly loocal seardh, 1.8, in the nsarest nolghdoule
hood, this method tmly sidghtly utillzes the specificity of the opilw
nized function, With small gradients 21l lecal methods are not effia
cient, forcing one to resort to multiple change of the eparative slep
in the direction of wotion, whidch results i the eonsiderable slowing
dovm of searsh*, (* Eesidss thers is always danger of roeycling of the
search oxound some ingdond fhcant Pehallow sink®). . :

o sysbems of awtematic pptimization with loezl methed of

search have been desoribed in detsll in works of Ae h. Foldoaus (Refl
2, 5, and 6), where severasl shematie dlagrams of these systems are
given. ' - ' :

7 fhie thdrd group 43 a method of nonelocal search, The charscters
1gtic festure of this greup is discontinuity of motion of the operaiive
point in the parsmetric space. Tris sharply iucresses volune of space
. acanned per upit time; as thers ariges possibility te uiilise the

gpecificity of the eomstruction of the funotion $; the procsss of

optimization is comsiderably fasbar, . _

e simplest nonelocal netnod 43 a coxbination of local and
homeostat motnods, Thls method is often uged in compw tional practice
aed 48 as follows: At firet a point at randon 48 chosen then from it
"the descent 48 mads in accordance wilh & preferred losal method wtdl
tha gaonge of the fuastien besowes amall, After this, another point
at wandom 48 chosen and descent 1s made ete. ™iz 48, for instante,
‘the non-local gradiemt motiod, R . }
. Tis mothod of nen=locsl search possssses & densrdit that after

each dsscent tho value of ¥ egain {end, zemersily speaking, sonsiderably)

inmeproases: the infomation sbout funetion zained during & loesl descent -
mbseguently is not ntilized. On ascomt of tbe systemzlic exit intots
region of large values of and congaquently the necensity of protracted
 use of local methods, #the price of the search® ig relatively high.

‘ We will now deseribe cur msthod of ronwlocal sesrdh, which we
will call & method of the ravines. Thls method implizs that operative
paranetors Xy, eeey ¥y could be divided into two groups. The first
group incindes almost a1l the parameters and variatione of thoss para=
moters regults in considerable change of funchlen B, Hemce, the ‘
 tuning on thess parsxeters 42 simple and rapid. These parameters we
will esll unimportmi. The second group of variables includes small
(may ve 2 ox 3) number of furiotions of X1, seey vartations of whioh
results in velatively small changes of ﬁ. We w eall them essantlal
varisbies. Naturslly, the divigion of parameters inte two groups is

3




the tize dependent and thersfore must be aoomplished automationdly.
Wis division of pavsmeters, of course, is impussible to ebialn for
all mathematleoal fwmeticns. However for wll praciical ceses (grvblems
of sppiied physlos, of cngingering atn, ) such dlwision, apperently,
is always poesible o accomplish, Reslizing the dlfficulty of exact
definiticn of these ouncepts, ws will neverthelsss risk to call thea
here well orgenized Dunotions, o

. Automatic seardh Basn is gelng dm the followlng way,. e Drst
an arbitvery peint £, (Fig 1) 1s chozen. From this point a descont is
wade by the gradient (it is poseible, , . '

ef courss, to wse ony other looudl : }{@' ‘ ey
method), This descent better bea - {

course cne; if, for instence the {
pext shep will decreass value of § A dw
less then 5% 4o 15%,then it should .
be stopped. The fhat Le that 2 svon : '{Az
as the desoend by gradient cetses W ®
heve substaniiel sffest on the valve o
of &, we get into a zome, whers ' i
variables of both greups becoms .
eguivalents and without sny ;
notiosabie progress due fo sssembial e L
varigbles we will conbinue to wonder .
irropuiarly varying the wmisperitant variables., As 3 mabier of Pact,
this 4z the canue of low efficlency of the locsl metasds,

Lot us atsmme that the gradlent descent orought us from polnt
L, o peint A  Subsequentdy anotner point & Ls selstted dn the
aelgivourhoed of X bal at a dstanes substantially zrsatey
gradisnt s of desusnt.  From the point Iy the g e €
nadz, Kow we hava two points A, and A, in 2 ravine and

4
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the next step along the ravime, 'The polnts &, snd &) we will camect
By a steaignh } . arhand the line beyond pa%k‘?; by End 8 *

poiat Az on Ly & tence from point by, which we will ¢l
oatligen 3 shocen step for well erganized funcbions itz oot
sidershly bar then a predientesteps. The sslestion of The ravinee

ston 1s done Mumentally by trials and 1% 4z ac imporiant charsoters
Lgdic of fumotius e from point Xp egain the gradient degoent i made
and we pob o point Ape Polnt Xy 4z found on the strailght line extended
beysnd iine Aehs 4n 5 similiae dsmer se the line Ay-Ap was used o

w8 & pednt igﬁ,”zmé e whols process is repsatsed, Poluts X are
chssen 4n the nves where mmell velves of § ave cxpected® neverth:zless
%&- whoke searsh is performed principsily in & zons of small valuasz of

(% Fegaver, ghothe sxact lecations of pedmis Xy the veluss 2§
may not b swall, due ¢ the effect of wnimporiant pirametera), With
& resssrebie cholde of 3 ravinseetep the whole prosess of ssarch
adupbs Ltssil to the course along the ravine, s that values of
gradiant descents beeome muck smedler than 2 yalue of & revinoestep*®
{** Tas soisclion of & Tavins-step determines qualliative character-
setics of iactiez of the search. With u chosen ravine-step we "go over
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the hille and round the high mouwatains', The ravinswstep SEFYSHE a8 &
scals factor)e As a resilt "{he price of search® is soneiderably
‘mmaller than in lsezl methods or previously desspibed primitive none
cal mathod, Thup, wilh eizhi or teh varisble paraveters in the
roblems of prase analyeis, Mthe price of search® will ba hundreds of
B8 lower. o

| We WALl pote, thst for the seleetion of ravine-atep it would
be halpful to use the functionsl (%) with ¥ funetion chosen i sccords .
ance with (2}, The lengih of the yavins-step corvesponds to a certain
fized valus of this fuactionzl. If the ravinewgiep is oo smali the
fnotionsl bectzes enwlil and search goes slow. if the vavine=sisp is
very large the value of the functional inorsases and the ssarch is -
LOBrS8, - C : :

' e solactien of a gradiemt for the funetions of many variakies
35 thed with the necesaliy of fixing (n ¢ 1) values of B and becones
oo cubersone end tedious. The following method way be used hero,

The sertain initisl probabiiity valuss Dy, eesy By 38 givan to the
7aTiahles Xy, esey Hye Subsecuently in desopdonoe with probabllivy
valuss few girsctions are selected und a partlal gradient is computed,
Popending on the rezults of wolion by a partial gradient the indtial
distrivution of provsbilities ig corvected, so that the sdaptation of
divention of motion towsrd dirsction of total gradisnt* talkes placo.
(* Theue consideralicms ave elosaly volated to the behavier of automata,
which would be a toplc for dlsonssien in a separate M. L. Teetlin
peperys Yt has bea umeatiensd sbove, instesd of gradients, wny trial
of iocal situations ia poscible To use, S

Tt ig isportant e nots, that for Daiciimne sheaging rapidiy
with time, the correletion betwom tio points soparated by & ravinew
step during the sblfi adlong the revine becomes smelil: and therefure
e ravinsenethed s this sense is approaching the nen=ioesl gradient
mothod, Farther increazs of dependance of Pof time leads o decrease
of locsl correiziion and this cass spprosches ke ramdon mellod, In
gisstance the rarine-nothed inaludes in it nonelocsl gradient motnod
and random senrch and yields essentdal profit in the oases whem the
gpoed (frequensy) of ssarch is preater then vode of dhange {frequency).
of function O in all other cases this methed is 1itile better than . -
gradient and vandom mathods, A gimllar gltustion exiats also when
ins degree of orgaalization of iametion is dsercaseds. .

e wiil note in conclusion, thal it seens nronable to us the
exigtincs of omnection (analogy) betwsen primitive followewp systems,
nothods of randem search, local and aonelocal methods of asutomatic :
gptisization (adaptive systems), on the ons hand, and comsiruetion of
sotion of humen being and axdmals, on the other hend. This thought had
mesn diseussed first by 'N. A Demmshteyn {Rat. 7ia o

We wish to axpress our acknowledgement te M. A. Yevgralov, L.
¥. Ivanova, and I. 1. Pyatetskiy-Shapire for thelr numercus and
beneficial exchanges of epinion. ' '

' Receivsd 14 December 1960.
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