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JPESS   ^87 

CSO:   13**6»S 

,?,*»» with Hlffr ■■*« °^KoUo/of »tloa, «41»*» °r   •****" 

solvo thos» pwblsKS toy »ems er •»=»« 4        dimculiios to 
£Ud «I to bo »»^•^"Ä« of a ja**». «» 

realiaatlon of *ls,^f_ ZZ,,!-«» vv a »rcblem and offered by con» 
*te«n speed ^l^lfZ^SVl JjSTdflMto. ' 
temporal costing ^JJ^J^ffiSS« «ay bo achieved by the 

Sa situations lika^ese f J^tJarpattem in physiology. 
use of «Organisation», njl* U *&*££. *%£*e .solution is attained 
pSueolarly to »Ä^ÄSSX laborious chaotic 
R the W»M of^f^S^ttotlS W occas&ons these disadvantageous 
situations.   Lot us nö^ ?^* SblHases in a sense of fomal aathe« chaotic situations are «ost probable cases »        _ 
matioal treatstmt. _ «Diution of a problem in autoaatio 

this paper is sn essay on ^.^JSSJti«. with a^ilgfc ntoaber 
controir»«1«^a P*&lm of autöBaU<s cpttola&^on »w a 
of operative P«"""**?*,^ lgnd2) that sn adaptive control system 

It ^ wellen C^f^^ continuously adapts it- 
is an a^toffiatic fee^k^ßt»i sys^ cm behavior sad 
self to a S^Ä^^^rSeSslÄ optima performance.   We 
automatically a^ustin^Its JgK**^ ^^^ ^ay systems with 
«HI call these t*}***» SbeSuetS^ve Sll present the automatic 
automatic <^tl^^^S8^^pecial asthod of organUed-aon- 
eptialfcatlen P*^«1*****f? T^elKd.   ^s aethod has *■""•* ° 
JS rÄÄSSfÄ * 5ÄSTS an extr^ (^» or 



Mow., let F(»L„ • «*, SL, y$f • •«, jr-) be the outeut ftaaetioa of 
our system -with cutasntie opiladaatd,®»«   M® will call a group of is*, 
depsadssat variable© x-^ •••, ^ a» operative gsxap ©f arsps&s&ts»   Ihe 
"relues ©f these argmöEts vary 4a the preeeae of auteiatie search» 
2fee argaseats Jx* •»•* %t ÄÄ Illicit s/ate® p&rasaters, generally 
are fractions of tia», th«r»lbre the oatpat tootles may'be wittea 
ixt thia ferai         ~-   ■ „  ■ .      „ v-<t,'--'     v A •■ /(A 4,  tfi,...,ym) -■= q>vcj,..,,Aft,f). 

W© have to note, that la self adaptive oentKol systems the out- 
put ftaaetioa j§(:fi, •••,- «a, t) tuwUy is not giraa in analytical er 
any other doaerote torn, so that the seieotioa of jaec-sssary ©ptisaisiag 
values ©f opesr&iive paraiewt«rs is «a. eKpertaental process/ ft* fUft'o- 
tiooal dependaftee of $ of tta«, wMeh is not kämm «plleitly, leads . 
to neoftasltgr of eonMsue« aearäh for desired values ©f argtraents» ■ 
Censaqamtly the ssssd.of ssamsh is a very important factor,;i»e« 
rotighly speaktag, the «©rrsQiiör* öf fee otrtgniV must be aeeossgllsbM 
fast enougii to s&tcfc ap «witSi the faaetioa bsfors it las too late to 
affect it« 

la other »rds« 4n order tö keep th© opttaLssd output ftaotlon 
"ta certain desired lia&is, 'it is neeess&ry 'to reach thm» satisfactory, 
values before th« fimotien undergoes & eossiderable efeßinge la it«' 
v&l&e»   Eh© proximity ©f ifcatotaosKms value of the function to its 
GX&rmmm could not b© used as a criterion of fee system performances 
a foUowiag ftmotim&l san fee msed i&stead 

■r                     •  '■■'"' 

T~*[ W{0(xx ,Xn,t))dL    . (i VA- * 

B» AoictifflB f as«isr be ehesen in iiffere&f wys.  -aus,' for iastaaee,   ' ' 
with %{Q) * f tfe vain«' of this funetlnaal eorre3i»ndii to so sailed ■ 
"pxlee of the *DsrsaV«bich.ls Awaid. In th© staplest' eysteMs of auto« 
natis S!ij5.i!siaatk© with' siagle-opemtiv© paraaeter and k&glt.© sdi&aai : 
of fuactieß 1 (aef 1)* • 

' Da the pxeblaats i&sr® It is sufficient to aaiataia th© values 
of I »o greater thaa a csrtaia prescribed 3.«^®! c (MiniBlMtion o& the 
lsvsl; it will tea oomraniait t© as® a criterion obt&in«d ftom (1) -fedth 
the assu^ptiöti ' 

■«?(<») «ö with'   0<C; "'    «F(0))^s   vitb   :0>C. .      '/ (23 

Th© autonatlo ©ear« may by «eoooqpliahttd by meaas of Äff ©rest aatboda. 
■sähich oavl& b© dirlsi@d lato tto.re© groups» 

First giwap is the ssstfaM of randna search # in «hioh tfeö esspöri- 
amt&l trials ©f aaceaastry par«a»ter® are perfomed ladsp^idmtly ©ae 
from another»   ?& ih&m oases either 'all points 'of the operatiW*para». 
neters gpac© is se.*smed in a ««rials order? or thsa® ^iat© will be 
chosen at mmmm &u& not cfcaaaged «a long «as 'filuea of j§ are sti'13, 
•atlEfaotory (haneooUt prlaelple, Raf 3 «ad ^}*   Döring oosntiationa 
search by thes* asetfetods, values of S are not .iisproiriag aystenatieally  • 
from trial to trial, tease «th* pr%G® of -fee search« ia high»   . 

Ihe second group is a isethod of ioeal autowatlo search» which 

2 



„^^ +vft anaivsis of results of each trial in order to. determine 
?J!^f?lffefS n^tto.   to this g*™P belong methods like 
tl dlSts   SLStt^f M«t rapid desert and soae others,   ^eir 
g^Sil^lSQSIe   i operas potot joBtin^y^J to       •. 
STSMTS operas agents ^ to* P^SÄ'IrSÄrÄ H informed taking i»te account values of function £ fro» the previous 
♦iSfaSFSJndS the® la their neighbourhood.   U>cal search method 

*his method superior to the method Of rondos* search. *■*.,.' 
SSev^!^Sg *m tood. search, i.e. to too nearest wdtfwm*. 

hood   £ metfeoTX »tt*tly utilises the specificity of tta oett~ 
«Ä JSflt?m    with mil gradients «01 local methods are not effl- 

Slfce oScUoTof^ction, «hi* remits to the «nsiderable slowing 
doVrTof^S*!   <* Beside® there Is always danger of railing of tta» 
«earch around soaie iaei^lfleant »Shallow sink*)* • ■ 
search ««»««£ ^ Jg-^ ^satlen wl* **. \SS!l°Lf 
search haw been described ift detail in works of A* A» lAdaau* (Kef 

?iWSl* B» third group is aasthod'of nonlocal search. ^*«™**j 
4«tifl CLrTof Si» «»op i* discontinuity of wrtion of the operative 

scanned oar «nit ttnes as thoro arises possiblli^ to utUiae tue 
'   wZSEJi* «T tta» o^straetlon of to. function $t ^process of 

optimisation 1» considerably faster* ■•■-■      ■ 
<2he stoniest wai-loeaL mthed is a ooribtnatfc» of local and 

tauoatet «rtwds.   tti* "»*od is oft« used'in ooBsputational paetieo 
' SHs a« follows*   At first apotot.at n«k» is chosen thenfirm it 

• the dosest is aade in accordance with a preferred looal method until 
the change of th« fasst!« becomes «all.   Aft« this, another polat 
at rmdoTis ahm and'desert is aade •*«.   feis is, AMT instance, 
the non-locsl gradia&t method»  . ' »**»«. 

mis method of n#ß-local smrA possesses a dawrlt that after 
eaou desceßi the value of $ again (and, generally speaking, considerably) 
increases; the information about function gained during * löeS*d!S5L 
SaSStly iYnet utilised»   On accetmt of the systaltic exit latotte 
Ä^TofS» S&»?5    and consequently th« necessity of protracted 

We will 'aw' describe our asthod of non-Soöal search, rfnlA w 
wUl call a «ethod of the ravines,   tti» method taplies that operatiNm 
parameters »T.«- % eo«ldbe divided teto two groups. JSto first 

meters results in consiclei*able change of ftaefcim I.   He»eet toe 
tSSt S^ese par^eters 1. simple and rapid.   ^V^£ZS1 
win call «niap»rtsat«   She second group of ^riab^es includes f^\ 
SIT *oe2 or^ntimber of functions of », .... % variations of which 
Ü*U L rolaUvely' mall ch^ges of jf.   We wÄ •fltt«j««ttäl 
TOTlables*   Naturally, the division of parameters into two groups is. 



■&!© tiaa dspe&dsat asd i&©»£©'i"© mist fe® &eco«plAä&©& asteatieall^o 
B-sts division ©f. para»t»8, of ooursft, is impossible to obtain for 
ail sathem&tlo&l fu&etiDiuu   ttwwm« 'for all pmeiiöal CSäS (prottLavs ■ 
of allied tfc-feies» ©* engiAftertag at®*} saeh dtTtsioa, «ppaxeatay, 
is always possible t» aesosäplish.»   Sealiatag 'the diffieulty of exact 
defiaitios of t&©8© «©»eejyfca!» ^® will a©Tert*iÄass risk to call them 
hero well organised fuaoiiosaft» 

Att.tona.tio M&nfa- than- is goiag to the following way.   it. first 
an asfeitrsry potatXg (Fig 1} 1» «to»w«u   mo this point'a «teses&t is 

■ mate by tho. grmslisai (it Is possibly 
of cottrs», to us© say .©ttef local •    |0 , II 
a^thed)*   Bsi9.d*«e«at bftter be. a     ■    ■  \ f      ' 
eotirss'oasf if» £or'ituitano9 the / v 
next- step «ill d«ex«&3« mtiae öf § A^** • « •» f A^- - • #Xg 
les? tkaa 5JS to 15i9

:"*öi«a it should "» „ y 
b© stoppedU   ®s@ teat is that as jäföoa ■    HAg 
'as-iW dsscesi bf gi?»di«»t. c«ase«s to * * 
h&ve sribsta&tial «£f«et on täte Täte© ■     fi$ 
of jgs -ife get fei© & Z&&3* iM&m   . | 
variables ©f both .groeps to®eoBis *3    -• 
«qtalvalmtj and .without any 
notiösafcle |>*egi?©äSi «Sa» to «saa&tlal Fig 1 
variables we will esatlsm© to waador . * 
irrsgal&irly vaxyiag *b« naiaapprtaat variables*   As a »ttet of fact, 
tHs i« th© C8&88 öf lew efftetattflor of 'tha local asthoda. 

't«i u© assaMa-that the gmsiiesat doaeont oreugit as fro» point    ■. 
2L t© pciat A.»   3»fcssäwp«nta^ asoth»r poi&t S^ is seLeeted la tha 
nei#Ä©mÄwOii of X« bat at a ilstnao® sttbststntialSjr grwrtw tfcan tha 
gr^Ii^t-^s5:«» of dM0«sat» . Frsm the poiat % tfes gr&Äimt öesisaträ is 
isads»' "Sow if« hawa tm>:poiata % sad A^^ 2B a rarlae ana va will aiaka 
the aext stop «lung tha r&iri&e» ' lha polats A« and Ax we isill co&aet 
or a stra&^fc 2/ao» extend i&e Una beywad polst %, tad m&mt a nw 
poir»t If «a it at ä Äi -stsnce f^ea potet Alt Whi^h w vüL cü th8 
ra:id^ö-»sf>frj«   titä.3 ^b»s«® step .Ifer mil ©fiaaisad fsaoMÄis is e<m-    .;. 
siürsbly gr«ata«* tSusa a gradi©at»stsp*   15se s^leetlon ef tbe ran^s« : 
stop is own« cac$e&la§Kt8l3y''b7 tariL&ls «ad It is am inportaat ökanteter» 
iffiio ef f^etiaa i .   }^®fö point %% «gain -the graÄmt d»i»ent Is made 
and TO i;'ot «"poSttt A2.   Boini I3 is fotaad ffla tk© »tsratl^t üae m&mösA 
b<s?ond iiae Ai«Äa» la * stellar msimei" as the lia« A^-ix was us«i to 
fiad E p©tot tg<ä,""md th© wliöl» p»eee» is s«p«ata«i«   Bölats % ar« 
<&ösea la the a» *feäro ^saall vsluids of  j§ M» eacp«Bted* siewiifaslass 
tfe« «hole swaröh is pfivfotned psdnoS^aUjr 1B A S©« «f mall valaaa |f 
^'      (*.Ti-A«^}r* *t tli© «saet l©etti©as ©f poisits % tit® T-al&as of'l 
maj aot bi' SMSII, «ä&e to tiie affect *f «ttü^poSfUat pÄraaetev-?}.   With 
& re&öomblö ätoio« of.« ra*ia«-«tep-th» tdtole ptooesa ©1* «9«A 
adapts itself to th« eö»s© along th« rwfaa, so 'ttiat valuos of 
gndl«nt ö«»eaats bteme sm^, smeller tbsm a valtt« of a ra^La®»st^>** , 

■{**   Ei© saiaettoB of a ra'eiaa-stej» detenslaas ^ualitati?« character« 
isUc® of taoties of fee search.   With ■ & eto®» xavisA-iStep «• "go ow 



the hills asd roaad tho high aouAtalas"*   ßia wwk»~step -aarres as a 
seal© faotor).   As a result *t&o price of se&wfe" is softaiderably 
'■sailor than' in local sso'i&o&s or previously <tes«rSb@d prls&tive aon- 
ioeal M«iod.   Shme» with «Ight or tea variable pamaeterg' la the 
problaaa of gfcas© aj&alyais, »the prioa of search» will bo bim&reda of 

i We will aot*. that f©r tfco selection of ravtea-atap it wottld 
fee helpful tö as® the f*wü*ua. (1) «Itt'Tftiwtti» ehosea iß accord- 
aase with (2)*   fiw length of th«-ravta««f5tsp .conespottds to a oertaii* 
fisead ttlMtt of thio faaetioia&l*   If ttoe raviae-siep is too ssall the 
fisaetianal feaet»s amU'wd aaazc&i-'goes slow«   If 1&e,ravSno~ai^p is 
very -large the value of the ta&etienal tosraasea and th® ««area is • 

**•   5**S» oelaetteft of a gradlssat for the faaottaaa öfw variables 
is tird with th© aooasslty of «aetng (a * 1) values of 1 asd beeves 
too' .ttnboraww aßd tod&ma*   &© JEbHouiag »etfeod «sag? be 'usea hero» 
fiw oartate iaitlal oxobabttitgr wlws p^ • •*, % is gives to the 
w&afaloa at», •••• %.   SoboeojMßtaar la aeoorda&ce wife probability 
values few SiractteM are oelooted aad a partial gr&dtait is cosaputed. 
Jtepesadisg on the rosalts of motto».-by a partial g?a&i«t the Isitial 
distribution of probabilities is ooKraeted, so that the adaptation of   . 
direotlss* of notice, toward dirsötioa of total gradient* takes place. 
(* Shase eonsidomttema are eloasä^ related to th« behavior of ati^eaata, 
which wttld b© a topi© for ttacuas&tt». ia a separate   M* L» Tsetlls   _ 
paper)*   li h&B be« ffi«ffitioasd above, .iaotoad of gradlania» any trial 
of looal aUsafttions is possible to «as»   , ■ 

' It is fcoportattt to aoto, that for tmvtimn «BiangLftg rapidly 
with tiae, tho correlation b«^soa two poiata separated tej & raviae« 
atop dasiag *fce ahift along tfco mtao boeoaao aaallt a&d therefore 

■the raviio«*©tfc©d'ift tfelo »«&£« is approacihteg the uoa«losal • gradient 
Mthod« ' Forth»?'iaerea». of depa&danoe of f of use leads to decrease 
Of local corrolA'tiaB and- tfel» ca&a approaches the raadoa aei&od,'   3h 
©abstaue« the ravioo-aa-Uiod toaludas b» it non-aooal gradient aothod    ■ 
gad randoas aearafe aad field» easasatial profit in tho oasea item tha 
apoad (f««aaanesr) of search is greater th&j4 rate of «ihsng« (ireqaaacy).- 
Of faactien § i la all other case® this mtfaod is little batter thaa    .. 
grodiflttt and nmdm saatisada»   A aiailar aLtaatloia sadata alsso *toan 
the dagroe of org^aiaatltm of fosetidn is ds*reaaad.. 

' ¥«& will no to la oanetUoian, that It 3sos pMüMol« to ma tao 
«3tö.st^ace of Qöimeetls© (asial-ogy) batwoait primitiw f©lX©fc-up s/atanst 
oothodo of raiidm »aarsh» looal ajad ao&»loeal.Biethoda of autosatie 
optl«laatiaii (adapUvo ?jrst«Ha)t oa the on® hand» aad eoaotmotua of 
action, of hmasi boiag and aaiaals» oa the otäa®ri hand,   ttis thought had 
b®sa dlaoaeaed first by'S» JUBomohtajnn (»of. ?)• 

W« wish te «jcpress our aekRowl©dg«asnt to Ä. A» I«vgrafov* I»« 
K. Iraaova, and I. X»,Pyatataldy-Shapiro for the*ir nttaarou® and 
baaaficlal exchanges of opinio». 

Raoaived 14 Decaabsr I960«, 
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