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Dwaaription

O]  The present irvandon relaiee w0 an anc tsciure, smbocied eliber in harckears or g scfaane ggemt or Ina com-
binalian ol herdwers and soliware, adapied o mpamanl salf=hiesed corelbanng, that is, an architachure sdapted o
oy ar gl ee e nesconess t pLrbcular Inpuik, cegandem vpon the Cincumetances, in the caes whsm the wrohi-
tadturs dabermines that e dadtting responcs & mepproeyiala

P2 Buch an echiisches la of Imersal kor o aember of differert remanna. Ay, by beling abba to mooy exieding
Mo Do plr RSl irpts, e Srchibbchors Gt gt kel B chinsgey) Groaatidanced ad, Pk, randie it® furc-
tiona batter acdapied 1o tha pchismsment of Bn opasEtiens] goal. Inother worda, 1he echibcre can form tha baals af an
Autorantaut st Rwing the sbilly o paelorrn lupeeryised (g Eacoonddly, an arohibhahuns BNgHeTHeTtirg sal-
hlaesd comdliioning sppeam v a luman w\er 1o be axhibling "sodel nlallgence”. (In thie doasment, "sodal |rall-
ganca™ maant T8 B ol BKIBE OF reEaONESE: WiiGh arabid an sganl o Irmeract appropriakely wWith ot L o pur-
pc=ea induding bt el imied fo tha achivament of an opareiionsl gaal )} Thas, Ihe user will lind Teat ha @n nlamet
In m o Irtuliben Senion with the muching or programm e smbochying the wchitectune and this Irtarsction will B eers-
rianced 65 mure conganal,

PG Mooy, BN ArchEsChurs |MpiemsTing saf-oldsed conditioning i Eartcalnry wel scapied o aars a8 1
basis kxr new pnxiscts such as "rtaligant interiaces” and davices providing "slualed persomal essstance” {the par-
sonw Resisiance bying ‘suatxd™ In the genss that this aeeistance Iy proviced In an Rpproprikle corteet).

0] SPA {Gitushed st cl anaiin o] desdoms oo B B wits variaty of ks Cantidks, i cxmryala, thi rtbns
of B tourkal viating = musessn mach an the Lonwrs ad having cnly = small amourrt o thme. b weald be iseful for nuch s
touried 10 hive it hit dipotal b dinicas, pavkonllised ko oo b ek, Chpabie of indicadinsy devs n I useum
which ara worlh hig ptterrion. In theory guch a device coukd be oreted by providing 5 computer device having acceoss
o et Pvtefols ity ol rF Bl Ficey ol iry i B Linntls e T it (et vl | A ol rrmckodaar e Ared Hhl Bk wehiioh
the toriat mey velt] and pra-pmogramming the computer with rubes ielieating the waars Imtenests. Howserer, airch Bn
SEprodch hecyireE B consderabe amound of pra-programming &nd infofmation gatharing, both b el S ca's GeEignr
ard by the uasr. An BPA devica heving an initial cril anan kbe dentilyving obpects of potetial imemeal e e, ard
capatle of Irterecting with the Lesr 1o leam the s prefisrercss, e much mons imenesting. The pressnt nvermion
enahiea such davices 0 be mada

OO0E] T praasnt Imaarton |5 Dassd on an Sndlysls of Bocial [Tl gencs in &l ard NUmMens wich [saos io 1
identifcabion of a sal of nules or repiraments which should ba met by an erchilecium which seals In give Iha @ppesar-
ance ol woclal Imeilgence. Howwar, H iy not supgested that these niles or the wchiteciure proposed accoing % the
irmsantian diroty oovrespond o any pariouler S ruobure or furilon of e human or anirmgl Beain,

P  Tredtcnally inothe field of arttficlal inlsligenes (Al], the stempris that heve been meds i creais snsch irm
emulating hurman cognitive processes eve ignored the "socel® eseed o much of haman behaviow, The tyscal alti-
furlm be raflacter by tha Shlomanie BYElTE A7 S0k fF Thelr ogriimg Darear & commaciod witt i socke! elotrnding =
Al e Ay DU SF SO v AR, & o OF N0 S Apndoanics HUF RAapil A S risd s in This rtiols
"Biueted Arton: A Symbolc intepretaton” by A H Ve ard HA Bimon, Inthe journal Cognitve Sdenece, 17, [1863),
PROSE 7=18, HOWME, BT YrL and Siman 4150 MCcOgniTE A8 INATIT DEIOUT I SO, Fis! 3nd vernos], | & coctal
hacase Birmat af the corderda of mamery vdich provice fellf of e comext of bebaviour, ara aoqeired’ yough socal
PrOCHSSAE « DIGORssas Of Maramp Srtnil MSisliont Akd Soria infanatiorL, " MOrscnair, this imparbance of e abiity o
Imerac apoprataly with exdarnal agenke |5 apan #ma and tme egaln In the lermen end &nimal egdom ineuch Botv-
[hes & foragirg, mating, matalon, Lnd GEressions &nd O o N M sTexion and ey,

BT  PFecanty, swne work in this sphara hes been atermpded, principally with negand 1o organisationsl shategy
["Fepressrting and Liging Qrganizgtiongl kKnowiacdge in DAl 2yghumg” by L Claegar, In "Digtributed Artificlal Inteligence
11" prag &6 EE~70, oxd, LGaestr fd M N, Hulws, 1383, puis, Moegan Keaarfrbnm) o sy of gt betianicur in 1he feelkd
of bakavdcur-baaad Al " Bahodcur-bay e Artifichal indeligence” by P Lises, 17 =“From animals & wninee’ 2, poges 2-
10, e J-A Mepar, HL. Ratbiat and £.W. Wilson, 15863, The MIT Press)

PO00E] Corsidering collacthe or "socinl” ehmdour Inthe hurmen and animal kngdom it can be post leted trat wuch
DahwiCen ik PR Sac], At Inaal i P, ovn b Bakof ineAde nsicr ik o BiiinioLr pelbar s winiok Al pradanl fram birth, Foe
exBmyde, the mating behevicir of the iy Droeophile meencgealer appeas 0 be genstically deterrmined: #he mutetkon
of 4 oaE GHTNHIING MEting DaFaiour can CRUEE reproduc v Esation ("eokabon of miting D heiour mutsticne in
Drpaophila malancgesier” by E. Mieeahe In Trocs adings of the Thind Irkemeliong) Mepting of the oty ior biclecular
Bichogy ard Svolultn’”, 19590, pges B3040, Morkiny, inl Matserd & has b o that dansge ks e porion
af the braln |exds ko defecih aodal balwdour (Meecariss Error” by AR Camaslo, 188, Avon Booka).

P03  Ecan be mpcthesised on this baee that socinl Deraviour Fs B0 INAEDS MU e T

(1] the mbiMy for ngerty 10 chesns Thalr owm poliong and thops of other sy, ard
(&) the poaseesinn ol B aat o primilve resporeve behsiour rutines.
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A "EUEsUEton ™ architechrs massing th Showe regUinsTanl (2] Nt et propsssd 0 b articis ™A Fobust
Leymreed Cewrrinn| Byerten For A Woblae Anbat” by A A. Brookm, 1IEEE bosmel ol Rabvtes and Autoeedion, RA-2(1),
pRges 14-23, 1985, Moviand, A SSMbechans riting B abovs rsquinsrTnks (1) a0d GZ) ik B propcssd by
1ha preaant invarioe in "Phesa Tereltions in instgaied Colacthm Baclalon Meking”. In "Adoptve Baleviour®, 3(F),
1906, padgea 185283, Hovvmnar, In Qardaedl it 15 Nt posalbes 13 Pra-pragram & Ak of routinmes o ReEpon e 'Which
will ba sppropriats in sl the crcumstencas which 5 machine or compuler program will encawmtar in pecice. More-
o, In b hymgn and grimal kdnpdom pgergtl; Infonmation dose ned prnide Babed ourgl rgspongey apormpriaty
kv Al cirmauirreinnces which will be ecortdanad cheing a

Chesnation ahowa that in tha human ard anlmel dagdom thae e an addlifonsl facon, ramaly 1he eblliy o
ARl itk e pei il rEEOrasies Dk Ly oy e A, i pRrtioular, BeEad o irtheril o wilh ot
era A hypical exampla of thia abllty ke aean In e babedoor ol young vervet monkeys. inflally, yogy venmsl mon-
FEYE pRoouca 4n Al Call when ey s 1y 1iing S, nciuding Sies which Afs DA ess. Howsvar, ey
guickdy learmn i sl the olarm call only when fiying predatocs am esan, much Do quickdy i be sxplaied by the
young morkey's con eoetence. || hae bean postilxter that the ymang monkem lsam to spscinlies thelr
respon ses based on the reseormses of |har older peors wieo igeers The “false alarme” (sea "Tha onlogeny of vereal
monkey Sl calling DeIViOUr A pralminary regor” by AL Saarh & DL Ghenay, (0 "2 Thmpercholgy”,
1360, J4, pegas 07-56).

A third requiremuent ko “socksl Intellgence™ or apprcpriste sociyl behedour can thos e postulried:

(e e cal ity B i | s PR s il g o] By PiWitires b or eiidn vl i, 1 owsggl irhercaolce with
oihern, Bnd ko remember The balevko el pet sm 26 8 saccndary reapores.

Th caneidion of & S8SondLry Do inwo bk Sonvdlioninyy) baulaied uern inpubl reSannd fror the oubide. The
genaraticn of secondary meponges represani conllioning ol a gysiam. Now, the ablity o develop secondary
Pl ik B 1 G ANy irgIUTE B AN L vibec] Bedrrlirky oo irhaheis e D) A5t i fn Athatpt
o cxwTelats a numbar of earmeary inpule with 8 numbar of intamal einerh e inan etemp © extard the lesderdy e
bass f 1IN SyEeML. HoWw, 18 compLixtions Ivaived | i comelatian procecs are complcaled. & “facus of
ellantion" method for uraupanvisad (parning hee bean propoeed] N "Paying Altetion to Whels ImpeErient Libing
Focum of Atterttion ko Improws Linsupsrvigad Lesming™ by L W, Foner and B Mass, In~From snimale ic animaie™ 3,
pagea X665, =l O OB, P Hisbaxla, J A Meys, ard 3.4 Wieon, 1884, the MIT Preza This mathoed seals
o maka v COmaiion sk Mansste Dy Kousing aitemion on L (imied nuvber o BGHHE. T Dhososad
malhad is based an cognitive saledivity and amploys worlc-dependent, goal-indepandard and domein-indegpsand-
ot Sintaglon.

Ao e otlns 0artrod o (ACE] ke oondkiioning hat badn propessed in Tuladalling Ma naous Syebeen Funo-
licn with B Himarchical Mebwcrk of Comirol Bystema thet Leam” By Kioph ot al, In "From animals to andmala”™ 2,
pages XR-2E1, od. J-A Mayer, H.L. Poitblat end S W Wikkon, 1953, Iha MIT Press). The proposed ACP rebecrk
Inchudeg ten Hndes of lsaming mechenieme, driveg-reimorcsment [saming (n reimforcement cermres) and motor
Inarriryg (o rroler’ Aerires]. Hosniedr, 1he propofsd Sysben oot an imtarnal deiviryg IBean maiting e ridwords
undangs condiiinring and haa no mechaniam for kecualing et on whersby ko recice the complexdty of the core-
I tion procatess InharsTt In condianirg.

Amdhar conditioning eysbarn ia propoeed n "o Bad Doga: Fiislogical Leesone kx Laaming n Hemateodam"
by B, W, Tenchd e 2 Molioek, it "Froen anirsals o anireds” 4, pages 256-304, ad, P Wites, B, Matas, J. Msgar, L
Polleck arxd & W Wikaon, 1666, the MIT Freea. Thia mathod involves the ues of pre-defined "Beteviars™ which are
wTanged In Eahaviour Sroups B0 1S to B mulualy INAEng, The Benmiowr Sroupe in s Brn are amengsd in
B kxse hamrchical fashion. The resutard shuchre s vary comples

The articly “Rginicroam it (garning: & Zurvgy™ by LF. Kglbling, ot al In the Journad of ArHiclgl Imalligence
Rt ameal®, 1966, 4, phgpet 21 7-205, bt ol & prombat wihar sy ar aganl 06 (a6 Dot Brough aal-ard-
wTor mterwclicng with wdyrsmic snvincnmand. This i )ty of unsupendesd aming. 7 oeach of o sucs sssdon of
Ime periceds, Iha agenl eceves B 5=t of inpuls a5 wel 86 a meimorcament cignal {8 "rewad ™) end deesees B0
action. ¥ the action ke mecoesful then the ewand™ kg allotsd equally 1o ol of the unim which comyiboted 1o the
civoesl of s Acticen, The Bget Saake o onoate this aclion whioh incrsotss ihe kg-lem arn of vilues of th
reviard, that Is, of the relnicrcamarnt akgnal. k will be seen thel, scooeding 1o thia propoaal, the ayalem condiiors
el (adarte it resmanesE b0 sxtarrial Simu I viBvl ol Iic vt on, s ng My Ho i miss an Imemal
rmenmwe of the "auccess” of e aolion. Howewer, puch an ppprosch cose nol kale (o accour whather or not the
con TG iyl B TApw o iae " o “Eu Coaahl irowt S ot oF vitwr o sodkie' bl Sgpiels wath which B Sy
1am |meracte

In the opindon of the presart meerion, &n KN SmUlEing "soGL IEQeNcE" rot only should st the e
requramants {1} and (2] bl slea should meet a modifiad verson of the Trd recuirement, stated s5 follows:

(37 the abilty 1o spacialies reeponess originally riggwrad by prirm tha regponeive byhavicur, B rgnciing o the prag-
enca orabaancs of swne seacted s from tha oulaica (ypally Inam athen), and o remember the behavicars)
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DS AR & BCONGLrY NSOk,

R0 More especialy. the agend or architecturs smilating “ecciel Inteligence” should e adapted 4o sapect B partic-
uber type of input in cases whare s eeponsa B "aperopnata” (or "siceessful’ ar "nommal™) from tha poirt of view of
wdermn wgwr e with which | inkenacts and, depending Lpon whsther or nct (he sapected Input (e recehmd, 10 kpecinies
it PEepor et 1o Bclpdl Hheeen o Hha crcaemnaloe oL,

Pii1] The preasrt [menbon secks ta provice an ancHtschure mesting the above mouliermenia, (1), (2] and (37, By
vt Ll Bl roincp vy TcTs, Pl s Fibcd o SeGowdling 1o il ir1 ol i) Encellly o5 Slf-Gonrpiticirsgs 1Pl ik i Ml a1
Imemal driving free promoting conditoning, ard i aslecthmely parknmes thie cord Htoning beeed upon whathar or nat (e
s M Ard ApRN AT or "ronmal’,

B2 More partiaderly, tha presat ivverton provddea 8 system implementing sal-bssed condtioning, camprielng:
& phuraifty of EaEO; Bt Isail ond RoUND; B [SE 0N ErMErY HEEmOnES Necork recaving mn inpul cignal rom at
|nast amedirs] sarsar ard an il aignal from el leest one secoed eersar ard gasmting an output sgmal b actveling
An mchutor, whersln the primary nespones network comprisss® an activtion neds recaluing ke Input sigral from sald
at leesl one 1irst sewer end, i responee o B 1rst value of s input Sgmal, ouladting a tigger sipnal, Bt [eest o
Mytor CrTre MG aiving T Tig o signil from e RefvEian nods and sdapied 1o reepond 12 the goer sigral By gen-
eraling said output sigrel ko activeling s achusks, means for applying pesitiva and negative EIMaeement BpmlEs o
thee mchor Germtrg whanshy 10 promcte or inhibi the reepones of the mckor Centre 16 the trkager signw Inpm the: ecthaion
rrivha, el ad hankt ore cogxaThaietn Aods raaahing the inglsigral fram e ol et one sectr] Gorleo, waad input Sgel
from e pacond senacr belng Indkcatve of whether or ol the penenl ion ol askd outpot oignal ke setheeting she ech etor
il dppropeiale, i for ety W output S il wed sl g whie e givebcitio of S id oulout sagrinl ¥ acividicsg te
acumior g not approgriste; megng bor cetarmining, baesd on an anghely ol ot (apst signals putpd by the capaciaion
rrocka Al el Qi o I piriehry redpeonib Mikbwenk, tat T flEpotts oF this Moty oleTh's racuinks prodction o
Inhibition; and e eeancEthve mermery genanaling sald poalie and megative relmorcament slgrala haaed upon e
datarTTinEion medh By 1M o SbeTinEion meane

B2 Readd ba comidarad Ihal ha preaanl imention e & Isarring mecharsam heving aimilaritiea with 1ha above-
clipcamed ACF natworks, but aseockoed with ko Imtemnl driving force wnd w oo of attertion™ mschanign. Monsoser>,
In the architactiurse acooed ing toha preeart invenllan theara kB a Bepanation of "Innala” reeponasa (o many reaponas net-
wWHKE from e Tshimae” or "conddonetie™ part (e LesCCiat " mamory], which mikes it possibds 10 achime an
adapive mallar sysiam. In alfed, each @rimary respanss network is a bulking Hock of an adlapiive syskam.

Rr4]  teoukd by conglcgrad thet Ergole’ submamption architectory i an exampls of mcolaragion for congtrucing
baheniou-basod axipyrive Tyskats, Howaver, Tho oomgesitson of o behaviauel liyar in ters of vary fave-gramed
urhs, lwwen Ba FEAR prod uces a prcilem interma of funciinnel deeomesaaliion. Mose perilo (el 8 single bahavicam|
|eyar s not plkewead 0 changa its fundiomel demcter. By wey of conlrest, in The selfbesed conditeming architectura af
the pragant Invertion there £ orimery respcigs networks g bekc unite: of ingtincthns behadour. Tha unis thermeashee
ok el kA i =i Evrt S Fumrierticiral & Frierbit oAt O’ ETS. T riadurs of all-baltad sondionr g Allows:
the ByaEM 0 devekop & asccndary reepones, whikch parlly careaponda 1o e funcicnal decormpoaition, based ona an-
OH Brimary Mepeonts i Thus e sef-iaced conoitioning rades K SErses 5 B Datlor Bt s 1or divel oping axdip-
e aywterma, parbalarhy moduler anes.

OS] Ot Achvartiaghaut fiures of sokodinmct oF s iwection aoe reibd 17 the Sepmidect clir Ao
herein.

PrHE  Further ledures and a3amtagss of T Oresart IMmAantion Wil DG clear inom e folawing descripian of
prefarad ambaimeanks thereol, given by vy ol sample, lstated by the sccompanying dresags, in which:

Fipwa 1 5.4 dgram ilusraineg T babio oorporanls of an B Frbeed ifpdaivetng soelbeacad owiditeing,
acennding 13 the prafared wvbodimant of the pragant mandon;

Figura 2 = a disgmm liustrating the sruchre of o priamany responsa network used n the archileciurs ol Fig. 1;
Figure 3 |z a dlagrom |l|gning 1ha structurs of g portion of the aesackobha mamory wused in o achitscure of Fig.
1

Figura 4 la an example of & primany reepores netscark edapted o output an alerm elgral;

Fiurs & b & Gt las ol Jrapht [||LETLEng rsputs of 4n aopi menld chawing Naov calf- ldaed Condthon|ng HfMecis thee
ouipa of the primery mepornse neteork of Fig.d, wherain Flg.5e) liustratss (he mrput o an sebeton node X,
Fig. B0) ilkirabins b Dl oF &0 sogeeciadicn rods Y Fig, BE) il esades s output of & rmokor Genkre M, and Fig.6d)
proupa the thres oulcese on 8 alngle graph;

Figurs 2 s 5 -at X graphe || usEraling how valu s o poa e mrd negathve ralimoncers signaie derlag during the
axperimanl iluslrated by Frg 5, wherain Fig6e) illsieles the postive reimoreenenl sigral, Figgh) lushate: the
g et radniamgamant wigrel, and g ac) comiinge Fgeea) and b

Fipwra 7 lhsiratea how meesss in ganarsiing "asga alarm ol mproves 58 the ayskeam [sarme during the expar-
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Irmel |l Iucircked In Flge.& and B;

Feprs B & an asrpla oF & peirnary régponsa nabmark, pravided n an anshitashurs haning roobility, edeshad
causs the achitscame 1o iGliow an mxernal egert

Fpre 3 is a dagnam uaehil or ndeslading an appication of Ta schllschee ol the presant imantion ina device
providing elLgieg pameonal aessince o ) Leer; gl

Fegure 10 i By aefen s F & peites’y recpan G nlved (i B aprbed b cyptiniea e ot S0 &6 b risxriss The prot-
ahilty that e el ald will be recetved, leading o 2 aympeath et coupling between the arc Htache Bnd an mtemal
Rt

[ 71 Thes Edussd Shvedturs & opseition of frl & ok e i gl seriing Sef-bisted owditioning, sooaiding ¥ pree
Tarerd amborlmeant of e invertion, will mow he deacied with relerence 0 Figa 1 o 3.

[DXE Thesruchrs of e prefeTed snbodment of Rrehileciure Wl first Do diecuccid Wil Fafarencs to Fige. 113 3.
Aa ghown in Fig 1, this anchiterrhire compriaes a phslity of semom B, B, ..., By, 8, and By, and 8 phslity of achie-
tonm O 1o Gy They garpong wrs quite general and cun inclucks pengong detecting (marmnl wixtes of the archiectre Hyalf
ek samars dateding pammelars of Ta erwirmnment adamal o the architeciura. Bamilarly, the achskeE can
Inciuds Unis Raving an sfiect on e operaion of the Lchilectirg Besf andor Unis ntececting with I Evyironimasnt
[0 Atlass one primary responsa nabwork 1 is provickad controling the opemation ol one or mae of Tha achekas
{5 In Fg.1) basad upon /0 Input gignal recaivwed fom g1 (nast ond of the senecne (35, In FgL1). Tha primary mepores
b B linlly desagried or priog rmenied K implecedt a parSouls’ furation, Bt i, 1 peoduis G ool shiah €4
pariculer lunction of the Inpadl recetved Inom the connacted BAMBROr oF AEMEAME.

(D020  Thee prirfelry Akl bwerk 1 recanives A st or e pud (), oo e furkhee sedor (5 i R,
datermining [or Indicating) whether or ngl the ermdrpnment sxhiblie e eqecied reaction (o behaviowr} comelstet wih
B Aeiticw] of Hhis peinteley Mg el rbbwatwi Ar1 RS0 ANy 2 e AlES prindd e, Ky ool Bl it Ao oul-
it akyre b o the prmeny reaponss netsork 1 In orcar 0 condlton 1ha bahevinor of the primany responas netymccn
IMpU: Irof Sl ESNEOME (4.4, S and ), s wWHE e urther inpul to tha prim ey FHEpones ok ind caies et
the workang amaronmett dosa red exhiat any egede] rmction for bahevear), o when the oulput ol M B not Thalt
which Iy mmeciad

[E1] The smuchse ard extan of e pdmany responea network 1 ol now be deacrhed In greater delell with ral-
a0ce to FHLS.

[022] A& shownin Fig 2 Iha pamary respamss netverk 1 nchodes threa ypes of modes: eclivatan nales X, axpec-
teon nocles Y and molor cenires M. More particuinrty, & primery regones nteork 1 Ingdudes at last one sdhation
ek X racoiaeg i inpul sigral b o ok or iord Gaorsand gavecating e culgat 5y g art wpan theons luafs)
cf the Input aigneka) | Erecelves. The ool O ol the ariivetion noce X i fad t0 one or mome motor cendres, M in ordee
divecity o trigger the molar centres] depsrdanl upon the vaee o the egmlEs] || eceved from the semsods). The
motor cartre M ks glso conneciad to poative and negatve relmiorcernent lermingie y* and 3~ which provide respecthe
Sig il by Arvd Ly winoh affert trl lilondi e of 1he motor 2 s By friggieed by the Signal 3 colgad by e solnetion
nocla X The caulput Oy of the motor centre M senves 88 the outpud of the primary reapores nielsorl Bnd cortnla cpen-
aton of one O Mors ACTUNOE.

[2Y Accorlgiothe prelemad embodimet of the vention, whan the activelion nada X recaives an mpurl egnal
Iy kg & paricular v i,  ouipube & Signal O Haking & walus scapbid o bige i roolor s b, 18k outtuhs &
{Bcoipan value] coniml Blgnal, which |a diffarant iram O, and Teads this 1o the eqedation noda Y wherdshy o edhats
118 apaCtalon nods. Th &Il NOoE T 8 REapind 13 oGt 10 recsive 1N [MEut el b Eng & et culer valus
at imes when [ha cxmesponding mimary resparss melwork i (or shaukd ba) in opamtion. When tiggersd by the acti-
vigtion nocky X, thi eepactadion nocs Y montorg the vaies of the recebad gipgral [; wad ouipute A signal O whogs wilug
et uphtr wEthe Tl eaqraobor] valkeb of i @ Sodnesd Signal b & or is ol dateolad (in the doorigls distuwsted harm,
Co praderably buoss the walus +1.0 whan the sapsctation falie and O ctharsiss).

(0024 The sigrak Oy, Ds ard Oy oulpad by e aotivelon reda X, exgmeciation mode Y end motor canire M 2re sant
1o thee geanciotuve memony 2 and Imfiuence the vwalieg ol the eigraks b and |, genened al e pogitive and negethvae rein-
Tearorotett DTl v ad ¥ &% will D deqH i i Gl il beice.

(MR Inibkae prelermad amboliment of the preast vertian, 1he probablty that the mcler camrewsdll firedallows eque-
o 1] e

¥
XD+ y (0
on othoraiss 1y

Probity = 1.0 R+ ¥ (O =00
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W X Kt output of the SCHvabion noda &t REme kv (8 it wile O T DORE R N niOrCINTHE &g il aE terrninal
v ot dmet ad g1 (e the welee cf e negalhve ralrmoncamest eignal ot teeeeinel i sk ime 1

O] 1wl be aeen thel motor cantre ouipLE 3 asimels primery responmss which (8 afectsd By the wluse ol the pog-
itive Brd negative meimorcamant signals. Thesa pasitva and negativa einrcamant signals are ganeated by e asso-
Gt mamory 2 we will ncw ba sapieined refering 10 Fig 3 which [llusinte thit portion of 1he wesoclat v memory 2
wtihol arrasrEs e puiEren’y redpariea Marbeors 1 of Fig.

PE2T] The emcodstive memory 2 has n metvh: sinachrs and iInchicden a ety of ipat sgnal Bnea 4y, 4, dy
PG ViNg ing Ut T niekpacting Satars 5 ke 5, and 8 gl of output Signad [ 5, S for sech Mok Gatoe M. In
prafamad prnbod|meet ol the Imaentian, sll of the isput slgnal Insa dy, 4, .., &y 2re connectad ko the palr of autput skl
liruiets By & upaphyingg & portioul A rivsloy Dt o sab sigral B4y B4y geneatet & weigbed oortiiouion o the aut-
put on tha reepaciea elgnal Ine 5, B. The aulpart skynal linas 5, 5 5re reapecthmsly cormesctad tothe poalihve and negathms
M INORC AT tarmiriLe: - and ¥~ of B motor Carrne b and feed posllvE L0 Negate Rermoamen conak anic.
EE] Intheory, o pra-salection could be made ol a aub-ael of sameors whees auipuie ae pected o be elessnt o
the unctioring ol the prinery raeorgy netwcr wed oty this wub-set ol wenso e wolld e cormacted 1o the dignm! [Inee.
2 gnd & comrmeded o the primary respormsa nelwork. Hoewaver, it & prelamed ko comect all of the semses 5, o 5y o
&l of the wignil Bred G and S and O LW Candll oning 13 SekT ir yich sansahs ane ekt

S Cosscbering Fig.0 in movs delsil, it will ba saan that the sgral x{l) output by sersar 8 2l 8 ime t conlriades
& walighied component et o the output on slgnl Ing 5, wheng wi*() e tha wniun of the wslghl gpolkebe 1 the
g Wit Serer By Gt firie twiher! ooy bl g o B pessiting reinfonarhont sagral, Sirmiarly, B signal o) ol by
aenaar & =t ime t conirboles 5 welghted companend v ol to the autput on eigrel Bne 8, whers w1} B 1he vaue of
e wiigl ipyp Rcabie b 1hd SRl 1novr bty Sy ot B | wdwer! Conrtriburtivng # t b i irivi riorcanTinl S,
B The posliha relmiomemen oigral edpd on line 5 ke the sam ol the componants comriatad from all of the
SEpitable Sarars A My ba dpred e

N
Y= % w, Tt 0 2
="

] Bamiardy, the negative reinformemeand signal output an ine & is the mem of the components manbuted rom el
of the mppicable cansors arcd muy be saprassnd:

K
Y= X w e 3)

I

P0GE]  The poslive neirforceme and regalive nrTorcemend wsohic apoied 1o the cignaik on e e Sona
lings 44 o4y, ara modifed at timaa wihan 8 reepacive updata asignal PR+ or PR- in ganarnaled. These updeta aignats
ArE (st Beieckivily Sepencing upon e valuss of the sgrals Oy, Op and Gy culput By e acthdion node X,
expectalian noda Y and maior cantre M of the comespoding primary reaponas network. Mona particularky, ea will be
WO il i AL O] Dy, I TN e [ T vra kgt upclite snal PR 1nd FR-LM Qe anled it e when
the culads Oy and Ty from the activetion mode X and motor cantre M ara not corsistent with "axpede behavior as
Irclcated by the vl of the auiput O from the e@eciation nogy Y.

PR Hwil Ba undersiond froem tha abwwd Sfpesiod (2] A (3] et Hh ok it fand g st réinforoimet signals
Minct ha Eahrrour of the primary nessponss rastor i by introcucing o depencisncy LEcn wigndle rec sk fromm s
ather len hose directy comneded o bha primary responsa natwork. In otherwonds, e mate funciion of the pameny
reepores nebwnrk 1 ending 1o actvate the achiaior Gy upon recaglion of o elgnal dnom oansor 3, be Inhibied o pro-
it digiaBing e SRgrAlE Nkl Ao Sernsors ol than S, Thi sy 11 which thes Sigraks rissind fron thes
"other” asnara Inhbt or promake the primary regponae of Tha primany reseonss ok repreasa the corditicning
yhiCh e IThieCire s S snced. THis Gonditioring I Cmnaioped Dy e Kb BEal, oepenc et upon Gy ko Oy,
I e meyrner chepGr] gl baiow.

O] niEally, whon opssation of Bk e ytesturs begires, Sl prinlry rgadn Sh of s pitey (Egoonse rmdwork i
urtapecialiesd, thel |s, there are mo poeltva ard negathe rankycamean signala applled ko the molar canire M and el
of tha walgie sppiied in e sesachd s MOy Bl YRIL WHIGH re 2860 OF Nggioy low [for emmpls, 0.017).
S  When the activetion mode X receicas an in@rt sigal |4 {or set of input sgels) el 1o tigger Tha pramany
recpores, N outpUte 8 rigger dgnl (04 = 1.0 In thig embodimet]) i0 the motor cantrg M which rgsponcs by culpurtiing
a el [0y = +1.0 in thin emboadment) sdapied for aevating tha actuater Cy. The eotivetien mode X alao artvetes e
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PRCtEhon nooH Y wWhich, when scihated mantors 1he Inout ansio | 1N Onder 10 Yy Wiheliver 1R Inpul Indicites: ek
the primary rmeponas of the nehwork (8 "appmopriels” o "normel” ot thin tme. H the expectstion node deterrminea hat
1 $igred b tiiaiet 1N “eopbchied” wilus o Pt i oF vl s, Bt e curiput Cls oF i iogoectaBoe nodk Y ikt
thla detarminalion, for exampla by laking a vakie 0. Howeer, | tha apecat on nade Y datarminea et the eignal |;
OB Ntk T e G VEILS OF pEEET of vilUes, e e ouioul Op of T apectalion node Y changes &3 44
o meflect this Fnding. ler example, by Blng 8 walue +1.0.

[2E] The ouiput sigmels Oy, O end Oy from e acthsiion nocke X, sqaciaton node Y and tha mckar cermne W ore
i Ly 1M Sk it et iory rd Sannk 1o garmeide e updade Siral PR+ ad PP- i§ e Do of e aris
mery respomes network B "sbenmal™. Tha baheviour of the primary reaponas natwer k can ba *sbeomal” In 8 number
of cillfranl wines, For e, Thi Btlvivicur o S priehie'y ridgoed i nibawteks i "abrdemnal”™ s i;

] I nvtor carmra M ic riggersd at 1 whan the spaciation nogs  dyberines thart it chould nol D goersd
-in which caoa it B neceeaany n inkibl Tha trippering of tha maior canire M by exaasing the wiue of the negative
ralriorcament sigrl 1, apnled i e naguihy reindoresmant termingl y-, or

k) tha motor cantra M & ol tggerad &t times when The arpectation ode Y delamines lhat i sheauld be nggered
- In w1 Ich Gl It [ IBCeary 13 prommcrts th irgoering of vl Molcr GErTre M 5 N oelsng T vale O | i poaithe
reimforcemet signal b, appliad o Tha positive reinforcameand teminal v+

00371 W Hha pragant ecabodinant, the updsts smals PR+ and PR- an b gedarlet 4 very Simpla rennar, Mors
particulerly,

the update signal PR+ can ba genenalad when O =0, - Oy = Th |, axd

tha ek ignal PR- can be genated when O, > Th, [

whara Thy axd Th are threawoid lewela which & ba sal diferert inam one emother bl whieh, in e parbcular caoa,
i both st 1o 0.0 [racalling thit the samaciaticn nocks will colput 8 slonal Op m+1.0 w Hrmes when b ot sporoprists
Tor tha primany respoee natworc i triggear tha mator camre M.

[OOEH A & e whan T Wit updeks Honel PR I gensntled, B posEhie Nl o s Tt wal ot spoliad 13 the
signals outpud by Tha 580 84 10 By are updated, o mampla tekng nlo sccoamnl the ek es of The sgnals outpud by
e saneE 3y % Sy © that fme In other words, the primany respones nirbsark Ie condiioneg juch el Bg primery
rEanEa & pronrolad o raeloroed tolang it aoourt 1R elues of the signals aujput by those of e Semsos S, &
&y, which harl a [arge-velue signal 6t the tmes when the welghl updele slgnal PR+ mea genecterd.

(0035 Ganierly elalimewhan the weight updale sigral PR- is ganemted, e negative re moncement weig s eppliod
1o tha aig nple cuipal by the eaneam 3y 10 Sy are Lpdated, ko ecgmpls taking [mo accoourt the value of the signals out-
ok by ol SEEOM% B4 10 By ot ted fire In otheee waowids, il priridry rsdporte nebendr bk 5 dandita red suoh that i pri-
mary reepones B Inhbied bkdng |mo eccournt tha velees of the aignala outpol by thea of 1he sensss By In Sy, which
heed & |Erga=¥alie ol T €ignal &t e meE wien the waighl Upaate Bgnal PF- WS GanarEted.

[ H has bean found to be edveniagecas o wedela the poalive and negalive reirfonsema ] weigita in 8 mamer
which okt ik acsoumt el ondy I it ol T Sigrals ouksul By e Sevkors S 10 Sy ol T i whan the weight
uyxieia algnale are genameied i slao the veluea of thees Bignals over 8 numbar of praceding #me (mervele. Mo par-
Toulary, B CRErEH (Nt yalus of th pOREtiAe (OF NECETAS] N rTTOrcarmn vl Ot W orenihiy calcuiated acconding T
the kdowing equation;

s iti=g 6 |t | [t =
Jul

whara [.ﬁx.l_'t-]]]" = rrElAs (0.0 . S (th repreas s the change made at lima I to the weight epplied to the &th akgnel
Iin 108k i, tha change in the vaiue of e WO appiied for Bma ntaraltand hatappied ut t+1, bt (5 one Ema (e
val leten). AxyH) represarta the change dasrved f fme Interel 3 inthe value of the signal & aopol by the sangor
& [iMat is, 1w chargs in 1he waies of 1Pe sl x; Babsan that obtand during tir itbecsl -1 and Bt o arod
thaig tima imeral 1)), = 18 2 ime pardod {equel o an inbgal member of ima InEvmle) over which delay condoning
bs aiTecive, G & &N ampirically-cetanmined Baming-rate constar thal | proportional to the sifecivensss of e cond|-
tioning when the inter-sruke nlavel s ad g s 1 when thewsight update sgnal & produeed aed O when bha weight
vpciate aignal g not pod uced.

(01| Akhough in the above-deacribed amrmpla the anput signaie Oy 1 Og are all binary, the preear imention B
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net Btbed 10 CUCh & CRES. MONSCYR, NLITIENOUS othr etallc CRanges My D nads 1T precis [mpksmartalion of
the arehibechrs. For emmpls, the welght updets sgnel PR+ ad PR- can be calmiisted In diMererd fsshioma. In the
bl iAmgle, PP ek B g i s Gkl wiiiiil CamClymd)l), dnd PR- ol B ginvinikbicd in & Gbd whnins
Com{Cym1 0.

B4 Exgmples of dfigrent wpplications of the jbove-ceecrbed architsciung will now b described In orgler 10 gld
urdarstardg of e kmaion ard utiiy of The prasant mection,

Alarm Swciarabion

Y] Fig. dlustvies T struches o & Pty resparra ritwocd] sy for i i i s e dinvios owhich irngle-
mers seli-blserd conditioning B0 a o madly e aerrmgenaation fureton o teke Ino eceurt Bcom ather then
thasa indicaked by e Inkial program ming oFaesign, Thic oFIMery Faponcl mdears3 1 S Nnd be daecrited In e con-
teed of & armode nlanm devica and then hare wil be a discssion of exparmanial resulia obtgineed noa airmlation basad
on m subsipntiaBy gimilnr architeciuns applled 0 1hy coniet of gangretion of “sagle starm cals”™. In o thind aection, an
SPA davico usirg alerm sgnaks will ba described

Smobke Deteckar

EH4]  The primary rspoks nabedork 41 o Figed oorprisat B Sirgha elivatian nooa X, a cevgls spmbalation moda 1
and = aingle motor cartra M. The ectivetion node X racshrea an (nput slgnal from an lon delectar 8, (of e typs used
in awebrttioril skl dateces], W s Skl riceiesd frorm th ion debechs’ inciebd & treshd okl thee st
thon node Xl deelgnad 40 cutput & slignal wWiggering the mator cartre Mowhich, Inwum, |y designed to acthede a device
T garniing ar bl ki Ggr1al, Y s sttesbon Aode X s biggeesd &, i1 il o, Stiviles e oo
noda Y The eqpadation noda ¥ mantiors mrdn eignals delested by 8 microphonafmedn signal proceaaing deviea 8.
inhis avbodmant, T eEaciation nods f & S3a0ked o oUlpul & oondl Indiceting thd e primary resaonca of the
primary reaponsa network ia napproamle il ha cigml recevad via e mcioplonebudio pocessing devics S -
Clan that m parson in the wicintty hne spokan the words Talss el [t will by npprecinted that the wcttion of tw
mexor camire M alould ba inhibited (N mech clreumetancea. Thia la achievaed by opemtion of ta eseociative mamany
which Sugmanis tha valus of te gt e renlorcamend Bignil S0 ed 10 1T Me] Kils Fnlorcamant redd y-.
S Bimdarly, in o casewhens tha activalion mode X hes tigperad, no-one hes spdlen thewoads "wEe slam®, but
the motor comtre b s not Wpgered the genemaiion of the Rudibls alanm, this also representy "ebnormel™ or *napone-
priote” Bakewicur tf B danid, 1 Buoh A ke, solivation of T rotor santrs M dvuld b prosmoted, This i edieaved
by opermsicn of 1ha mesodethve memeny 'which augmems fhe wwlus of the peetive mirdercameset skyal apelad o the
posiiva ranlorcamant mode y+.

00aE]  In thin application, 1he aesockaihe memory funciicm aedeeaibed above with reopect ko FIg.3, thet Is, haran-
Tardrint Kagraks, wrsig i updade Sigralt ard ol in valuls oF wiighls Bre oalou b BE discind with relarbes
1o eoumlicna (2) 1o [5) sbove. Morersver, the eesncative memory recebses. iInpul signala frorm other Bananm, Exch e s
TOMPSrEILUNS CANEC! S, ANd L ELDPRTNEATY 10N dabecior Sa DITYE Cally EPaLCied ARt Trorm thal Sekectar Sx and, whan
it 2 delarmined, basad on Tha valeea of the egnata Oy, O ard O muiput by the acivetion mode X, expeciston mode Y
ared T ooy’ Cawtind W, Tkl B twnalic reespc el of il ey respivekl Nsbserk i P opyiaby B the wisghis
appad o the aignala recetved am the lampamshre sereor 84 axd mpplamentary lon delecor 8; are uxletrd o a6
toIncrasus T 1aiues of the posineg Brd Negative RedmicrcaTanl Honis.

EXMT]  In lhis way, depanding upon he cmsmslances which edst when tha behavicar of the primany respensa net-
worke g clatwrmingd 4 by Tnepprcorigte”, the ol glarm devicy can bacomg condiioned 1o culpat i udbls alarm
SRgria] wivee! s G dabbaley’ datacls B Mt of ibrlE sl 4 Twechold kaetd AMD, for aieTypla, e & igreal oulput
by the tevparabry panacr 3 Incicaies an ovar-hraghokd termparsturs and the glgnal outped By the physically spaced
apent ion dateclor B dicates an ovar-threshakd mumbar of delacted o

Eagla Sl TAl Gimarition

PME]  Ax manboned above, & Emulation s paionmed Sieed N An archibeciume subsctarialy cimier o hat
cimgoxined hove with rrherencs to Fig.4 bt deoigned o ganenzie "magle alenm cals”. Inthis cpedment. the actuion
rroac 0 vl T input Sirals A whobs vl incicarbed chebation o non-cibecion of & Rying obhech arwd T o ivion
noxda Y wae lad sgmals B ixleathve of the deted on or mon-detedion of an sudibe "asagls slarm el garnesied by
anothar agart. The maior carmre M yas desigred such fhal, when || waa iggened, H outpd & signal 1o an actumtar ©

for genamban of an audibe "eagls alerm call® signal. In this expamen, "abnarmal” or "appropeEls" bahaviecor of e
Primary reapones rebbcrk cong i, atther o
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Ine qardrelion ©f &0 08 AT call” Dy e Primiry FEDonsE radvark (N & cata winds the KpaciElion node
cloea mck dertert Bn sl bie "seg e alarm call” grnemberd by another aget, or

1he mcn genenatian of 1 "eagle alaem coll” by the primany reeponse netwcrk n g coes whers the ectivetion node X
is triggered ared the expaciation mode Y does deied an sudiba "sagla alanm call generatad by ancther agant

(O In ihie doparment, o amsmdalive mecory reocnaed an input ol 1o 8 fulie Gty 5y detedlivg mhather
the oheered Tiying chject wos cr waa not yellcs [0 colcan. In coasa whes The bahavkoar of the primery response net-
WO L ST T el B TR [y M OF B g e Oy, O, By St By 1 Gt n e XX, g
teion mode Y end moter cantra ), the ssaccatme mamory updated tha approprials walg it apolled o e culpst of the
“yiliow oot daleator Gy 10 this degeeirrie, Sl bk A ok i o, A i wehiln ARl neElord e of thi
motow cenira M wes rerqpiired the output slgral from the el ok ed " detecir woukd aften be high. Ths, the erchilec-
urs gracually Sevaiopsd Sonaitc ring such Tl I malor Caning M wWioukd nat producs L oulput lor the ganacatian of
an sudibla "pagls olerm call® G| in cassa whars the autput fm Tha "yaliow obiod™ delector B1 ndicaled 1hal the
Ayl byt waw yallowr.

(D3 Figuwes 8, & and T are graphs lustrating the resslls that wern obiairsed n the "eegle alem cal® aqen maernt.
I e oparimend, e Salohls ussd i B BES0C A Mandy voens intaly sat ko 0.070, 1nd In susion (5] 1 was e
1o 10 and ¢y wes 58t 1o

50+ [I., =

Durireg S fogsarimiel, il Aroiibedriu iy wik Athberidddy Soeierisgd Wil B St o o malicklid in TR 7 Bl

Tikda 1
Marta of Sel of Valuss | Wyl 1 Adtheaion Moda | ngut e "aow Dojee™ | el b Expactkion
["Flying Ojact™ Jamear] anr hoce ["Engle Alarm Cal”
HaEy]
il 10 14Q an
EAgla 1.0 LI LH 1.0
DetedndAlgrm L1 LLLH 1.0

[D031] Mors pariicndivly, duririg the Fred 100 Brivs shigss i the ot B sot ol Signalt "alowbind® was pro-
partad & the architochae, than during the reed 16 time steps the sat of kpela * Eagha” was preaentad, then durng tha
naxt 100 linel steps e Bad of signEic "0 ebected fIAm" wais pres-anind, A 1786 e Eaguence raperted

[22] Figurea3a) o 5dJ) duairate ey the oulpd Sgmla from the ectivelon nade X, apedation node Y and mator
Gt e Il el e iy vl dorped it i el Gt 110 x-RoEs WS Ares 1 rrnie OF STl St wihesh Dot slaprbaed,
wharess tha y-da Indicates the value of 1he akynel output by 1he nodea X, Y and M In Figa_Sa), b) and ¢} reapacthmly
1.0 Indliculing trigaering of the X ard M nooes Bnd SeeCion of L Ten-oEeciad Input™ oy e opectation node .
wharess §i represents o riggaring of 1he X and M nodes and dalection of the " expected input” by the expecaiion mda
. Fig sy groupe Al 3 ouipuie on g gingly graph

[DSR]  will b Giedry Frowt Fig.5 IRat the arohillethure dodt inddad, afler about 1300 tirra Sheos, oo b aorsolly
repcnd 43 thiy pat of Inpul wignale “Eagle”. Furtherrnons, sven for pregertadton of th “Chalectad Atama™ sl of signas,
the molor cenlre will olten oulpu 5 Egal o frigger genemtian of an awdible "eegle alarm call”,

(O Figuren ga) end B indicats howr she waluse of (ha pogtve and negative reinkon;sment elonale, respectively,
OR AT drin gt dopiit et FRUS0) Qo il ek rEsrortEng oel & Ring |8 g, AAKIrAlling pedbie guioiy AktAb-
liehad with reapect 10 negathve relmoncamart y-, mamely, the alicngeal negathe ralrmorcemet iB Geen bor the preeams-
o ol e “relicebird” Bab of e, Iad|Lm- sl negaiiva raimacemenl K a0 337 e pressniaton of e "ERJle”
ot of oignels ang aimogt no negetive reinloroamend (9 seen when the DstaciedAlarm” el of elgnals ln pregeted.
(003 wilh resaes B0 positiee realorceny T e psalieem B rict &5 A it EeCA L e Perek it rdEior Gk Qb s
o 1he probabi el outped from the mekar cantre M ae defired In equation (1). An Intdal leedency of v+ wae o clpl
& poslive vals for & anort pariod of tme Jusl miter reciacamen] of e “vellowtird ™ sat of signals by 10 "Exgh” vt of
signals. Howsear, alter 15030 tima sleps this tercaney changed: a posite vahs conl mead o be asdput when aher the
"Eage” or Tetectallerr sat of §igrale wong pregemted bt than k Lagen intermitterty 40 procuce & much Snonge
value a8 an anput vk of . Thie nlEmmitiant sronger output of ¥ anebles ta anchiteshne i have a8 poaiive reec-
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tion 12 e presaniaton of B TatecdAInm™ Bl of ©OnSiE [NarsDy Qroducing He oan "sgis AR Gl Wi s
signala ara .

P0sk] As phown in Fg 7, untll ergund 1300 4me stepe. heve slapesd the ruccesa rate of the eyetern |n genenging
"pagia olarm calls' &t sppropnale times luchstes with 8 fadency o diminsh. However, thereaflar the suesess. ke
Irnpovig. @ T SYNTIHTI Cvil O0G: SN RREIOCHT itk BICONCLArY rmpons.

EPA Device Adaniing o Uear's iesten

T As mentdoned In tha ininxhestion, tha presant inverton |e partic usdy washil In applicatione providing BPA {alt-
watid paracial Akt AR} cind s Tl ingd il riadeoey oF Suah A chiedc | s Sabatinedly 10 Qe bl AT Sgrals
In pder o atimet tha atiention of the user i objacie. which may be of Intarest o him.

POGE] Conciod T CLES WIArE L DUKING, SUGT 8% 1NN LOUWTS MUK ST, K provided with Tancmilbers outputing, In
a form nat directly parcartia to amans, irormetion regarding the proparties of the reapacte diflerant exhibia An
SPA clvic iy provides with sensons sciapied 1o receby the traremitted vignls and Ras ane oF mane pAmany Fanones
netvrris dasipnad fo ead o the detection of ceran proparties of e whibits by genamling B comespordng alBrm
signal parcaptiths 1 v UR AT (8.0, 11 aucbie brosccas] of e woros =1 67 canlury paimting™). f the Ussr 5 Intarseted In
e comespaxdng edibit, ha expecision nade ol tha pamary respomsa nebeork "mpeds' that the user will e
o 10 the xhibi. K (g epeeciation kg nol fulfllad then the operation of the primary respcngs nvtgsis kg condiliongd
by arih roeeientt of this Nsgartg reirfanereet sgral,

EGE] kwll be undemtond thet the sbove smmple can be modfied In a wide uarlety of weys For example, rether
thin trarrenibies: Baing providid o brosiCacing e proparties of B Sl chitsits, th SPA divice rly Ba pro-
vided whth senson which dirsctly detect properfies of the edhibiie.

Jecm of OtogE or Agoms

) BgA hsiaiea ha struchere of 5 pamary reaponsa natwork T adapled or 1ae in 8 imdeyg devica Fmtly,
thpr will b cycribad m almols moblly cedcs adepted 0 trach s hunan e with which th device Inleracte Next,
meNe TR e cee will ba disEsed In which 8 BPA device scie 8a 8 parirer for nesdgelirg iwaugh 8 virksl 1hnea-
dimansional ward,

Trmgldng ;f Hysman Lipes

[PE1] In e primary responas nebsork T, & alngls scvation node X moehes an gl algnel A nd|iesling when the
volume of auwdio sgnals daeded om tha luman wser falle balw 5 threshokd el n aeh B cesa, the pamery
recpores of 1he network s t0 sememe that iha human user hns moved Rrther sy from the devics ard o igger action
o el el 1l e el Bl [P LA b, Tl Ainattion mode X s Sa0ss I Sgrials ko leur ik acnes
M, 1o W, reapectively comtrolling depdacament of thedovice lossurds the Morh, East, Boasth and Yeal. inltlally, the prob-
bt et of rmeodion (N v nortmwild, SaEhvard, SoUtmvard or Wik hard oirsct one: a6e Al SOull.

2] Thedevice BEoinchdea an epedation noda Y, activeted upon triggaring of Tha activetion moda X, and recey-
ireg &% Ar ingart & sagr1al B irdeGatirg teediskaees e Db e rivoGile dindcs s 4 uman wssr. I wiee the aciadion
noxda X rippes the pecialion node ', the lemen weer B closs o ha meblle dedes than [t B nat eppropiats b te
IRy resgaonss neiverk 71 10 roger motdon of T mddHis deice aivd e ouipart fram the aepciatan mods e +1.0,
whersby to siggnal Thal friggering ol the metar cantra & SinegEopriata”. On the athar hand, if the epedatian nade detar-
mirgg thiat the: hurmgn Lgwr Iy Incygd far iipm thg moblly device then thie Iy the “wnpacted ™ Anding ard the sapactedion
rriva urguts O,

P063]  In this applicaion awc, the wescs s memory unctiong o describad abos with mapact to Fig 3, 1hat le, te
reimoreamant sigreks, weghl update signale and chamges in values of waights are celouleled o described with relar-
Bnce% ecetons (2 (5} abawe. Marscyer, Inhio coss, the weoosi e meamory necales Inpuk sionaks fromfour gon-
Wi BeiaAting, risipiarinaily, wivklies ol trioked Tarehr wide’ B bo e Morth, East, Seuliar Wissl of i ok civiol,
Pi6d] The esenclatve memory detenmines on tha beals al 1he outpd Sigmels recelved from e aohation mode X
wpectalion nocks " 1nd four molor Canirss Y 13 Wy whallhee or not 1 primery Feeso nes of v nelyark 71 & ~abnor-
mell” ang, i s, generats welgh upclerte signe e kr the resmecthm poe thve or negelbm nelnfarcement slgnel componanie
Y R Bt e Ay, & requirac This Anchitecture gracsally [sas b moes in S Gonect dimetion i
arcer o approach the Inecked hurman usar In cases whars the yolume of eudio algnals recebed from 1he weer dopa erd
tive UT I, INoHeEd, - WY,

S Ih 8 case whare e human usar mself apemaches the mabde deica upon noticng bhat he is lar ewey fom
i, the conditioning of the wrehiecture for “tcking” will nck be tripgered. Thug, (his wohitacture s better adeprted for
trachking ageme which seak i fiea 1han or moking apenis which laed 0 appmoach of their oen acood.

10
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[0Sl Another Implermentation of mn BPA (oiwted pereonal pogltance] device servsg B9 8 partnardor g iuman Legss
navigaing n a free-dimensional virual word. VRML 2.0 is a prolacal which hes been dewsloped ko ol dilfarant
arian v eng &G Interact whh oo ancther ina “uirtuel workd®. Tpicalty, the hormgn weer will Lge / Qenendl purmose com-
prulin’ b Bodenit Suoh B "viriual warkd® via B eleorurnations ook, Tha "virkual world™ & ranaged b & ramots
computer and can be ohwersed on the user's coampater srresn 86 H v a three-dlmenskons| wod. Teplcalhy, the s
irba s wilh crih e Pear vy ub i Dy kir ksl raeclirebe i or | Gl v,

(7] Flg.E llusyeteas B aee whars two uman users ere infarecting in mech 8 vifual world by the memedany of
Hras-ETiekicvl| ohrache's (o asirihres] hewd riyead ke &% ooved. E800 of IR Fasvin ubics has 2 5FF dimiae
which glves risa i a representation (mwatar (n e vidoal world (les slessn ae B oyl

[DOEE] In e cass B K UaUl e SPA RIcE Nt b EE W0 DO MY MSponts RieorkE, I et of which Impls-
mems a racing cdian snabling it o rack Ihe avalar of it human pariner through the vid ual workd, 26 well 86 o ieck
avatare ol Sthar RLUman Lgsns wnd thelr 3P, whsrsas the second primary response nalbveork Qenerabes “saatar slam-
signale, Al fast, e raddng” prirmery resporss netvork s sdaplad o aperoach anly Ta avaiar of s leren perina. §
O OB Arw cRChad 34 DaNNg WHAIN & cartain dislance of e B of e SPA hen the s Llnm™ primary
respansE nalwork genamies @n "avaler alanm” call. Moeovar, a signal mdicaling "udesirabla prodmily of olhars™
gengrted and fed to the tracking primery respones network. 1 the humen gartner of the 2PA coge not raspond 1o the
“avalnr ol oall than the SPA beooret aoneilianed I suppvess this oall ardd 19 aexwsss genaration of the sgnal
Iricaling "uncesirabis preedmily ol athers”. Thos, 1he “recdng” primany response neiwork becamea condliiioned 0
appwich oibiar avidess &% will i Tl ol 35 Tt picies, Expieitiehs in Sueh & vicbuil wordd Hions deiemovss b
thet this ke inclead the wey Inowhich he behadcur of the SPA device adapis:

[ Fig. 10 siraiea the sneture of a primery reaponsa naeoc 61 waed na ayslam which optimioss on oulad
00 e 10 ek in the [kolibocd of recebing wremecial sctemnl nput in-the s whery the system hpe an e
oparations| requirame T [or "nead”). Beecea optimiaing s chances. of leving He opanal onal rec irement met aa swthly
i pOBEI L, WUGH & FYSHNT L8O [§ |[kely t0 Create BHTRatTy I L DTSN DEEr, THa o mary Feapona s network 31 1[ue-
treted by Fig 10 can ba usad ko implameant tha architecturs proposaed by 1ha prasand ivenics in "immale Bociabdity: Bym-
pathatic Coupling” In the Frocesdinge of the AdAl Fall Zymposlum on Joclally imeligent Agwnis, 1997, pages 98-102
[OOTIH  The pirmary reegeniea rabeondk 51 of B 10 has & Sirgha aolivation rmede K, bigppecsd by an irtemal sarsor
Ireical mg they exdertence ol sorre ol Ul sd apeaetione| racuinsmsnl syslem (g ow hatiery yollage] within 2n spplics-
tion module of ha syetem {e.g. a voliage regusio). Yhen iggersed, tha sctivalion node X adivetes two molor comres,
a llred motor cane M, which produces an qudio alarm gignal © Indicating the edetsnce of an nfuflisd cparetionsy)
resac] i M kiR, A0 A SRS iYOr O rrire M wiich rau (i S SpleichBcn MUl i ael bl ripalrier O,
[M] This network has #o pecialion nackea, 8 et mode Y, recalving an Inpat om an acouallc senaor By, and a
CaCONd ANDeCEAbon NockE T, Tecalying an Nt Inom & sasor B (ndiGating namsil Do of Tl 400 calion mocduls
in queston. Theea two eqadation modea are activaled whan the actimlon nala X i ripgared.

[DOTZ]  The seiod i Matory oncl S funchons ot dessrited abov wilh reflecs 10 apeiens (2 1o [B)
Walght upiata aignala for compaonenta of the poslthe 6rel negeative ralmiomema elgnala generataed Tor meokar camtra My
% bas-»d on outpa sigriaie from G ) and B, Wivsrsis: S5O Ubchs SN o7 GHTIg NS of the poslive and neg-
ative eirforcamanl sgnats ganemiad kv motor centre M ara based on output signals from X, e and M

[0ary When an uriuflled operationgl regarement arges in the Rpplicedion moculg this e detected by the sehation
reocke X wihioh triggars nbaial raguiation via the matar oarmee My, I vses of B ot ol eedordl intensaniion wil b
R BTy In orgler to AR cartein oparational raguiremianis, the Roiation nocs also Relhatas this motar cane M, ©
panergte an culpul C parcaptible o odemal agente

(078 The capectrtion node ; ks adepted 1o eapact that (e imamel reguirtion will lead o salisiaction of the coer-
aticrl ficpanecett A o, iF it daks el oo, i will ieBoatR "Rbrdr el opeEtion, T igiotadcn nids Ty B
exinpder] o papeset I detect Bl [naat the copad ©

[OFE  The eyEien nunt, whike oUipUis om et SanNsHE M SEC Daing monilorsd (vin 1ne sEsocialive mamory 2).
While the operetione nequirsment reats uriuflled, the ovetern acquires meme acihe sensor Inpis &g negethe faciom
el 1o mihitnit avbi Al regualalicon, ety 1His will Bring B irrberial rivg ulalion Dy mobs Sonked Mp to & il Howe
avex, the haling of this Imamal regulation by melcrs caire W, will el represent soon "stnomal” ba haviar axd pos-
Hive reinforcamant will bagin. Pouttee §nd negedive ralmorcannt run simuianecuely and contimes 10 celrges the
waighis d nades coxmesporcing ko "eclive” sensors. This cartinees urtil Thea opemation of the system nomalises. Al
which tirmg, the eyeterm has lamad & crition] et of eereor Inpie that reeubs: In nommeleaion (e le, fulllimart of the
oparstevial eguramant ol tha apoplicalion modula).
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PO7E]  In B CLER WM bl IrbrasTon Wik SCEaTinl b Tul il Bl DDt or| sl et of e B0 CEiion mied-
uksg, one of the critcal tackom may well ba genarslion of the ouipot slignel © By motor cantra W, Ths, the sysism
I e i vy roiegovibd o rredinag of i of ool 5 g o mirkg oF irie i) rigulalion, wivie e otiee
ksl penaar inpuis lake the valea applicable &t a time when nommalieation of the eyalam |e recquied. Thie will genar-
Al laad to e syeterm opdimiEng B oulpul G eo B I0 Mdmies 1 prooabilly of Chisiring sodernal 3 This can Bes
Ined to ganamticn of the culput O, and tiggaring of imbermel regulstion pocesses, amen at bmes when he spplicadion
by el cosp ot e o il egd opereiiong rgoyinement. Howaryr, In cargln cirgumptances this g degingbly,
anca the eyalam wil appaar 1o be ecting "in mympaliy® with some adamal sgent o edemal lectiom

BT wil be epprecEied irom tha begoing deacription thel the presst |mention provides a aet-blasad coxdidon-
irng Arobibeciur s A Eal-ban s oo ition g SahieTsl vt ioh hitva ths Kol oy chitrschisistns:

Y prvic s & Gl O TERL EirEkedy bor & BYEHNT, the svsban concisling of & Bt ol prinery Msponis MWk,
which are wery general, and Bn BEseeiative neock;

“raar” s sbsaye Inbemaly procced baeed on e seif-biseed sepactation; the worth or revard |e retathos to poe-
s aclkons of edhechmslly dalinitve prareny responsa mabeorks; ad

= e ogingl prrmary responsa natworks do ol dwmngs; even after corelibanng eaming), sach of the pamany
reepanes netecric keacs e orgingl pattern Gl wothartion, aithcugh inhibition gnd promoion eifycie which n
vary wilh T st an e mohs aatne and sl the ot froer e nokser

BT  Hurmirous othdr siuikdiors avd reodincaions, Eintides theoss ctcart ] abov, ciat b i i T Bk poe-
farra] smbockment desss bhed ghcrs, wllbin the scops of the presen] Imer tion mg dalined in e appended daime

Cinlmma
1. Byslam implamerting eslf-biessd conditioning, camprising:

8 pluralty of sareas [(5);

ut Heaart On SCtUEbor ()

gt Inaet ona primary resporse nelemrk (1) receiving an inpl 2ml from &t least ane fist sarsor (Be) and an
Irpurt wignal from at Inaet ong second sersor (350 Rnd generating & outoul eigngl (0] for Rethating L actu-
arhcw’ (S}, wihrardin 10 prineary reboares nerbwor (1) oo st

an ectvetion node (X} recehdng the Input algnal irom aakd et (seed one fiest aenaor (B,) and, In respones o e
furst value of sad npul Sgnal, auiputing e gger sgmel (Oy],

gt lemet ane mokor camre (M recelving the wgger eigral (Oy) Iom ha acthaion mode () Bnd adapisd o
riespar v the 1 ggper Sl By gbelsrnding said oulpal sl {Uq) o sotaling SAid achates (Gl
rmearta [y, ¥} for applying poalise end negathee nel o eame t slignala to tha motor cantra (W) wheray o pro-
ke OF (MNIDE e reEponed of thes Motor canirs (M T B g HONK (04 ) o T SCivalion noos, Lnd
gt lbast ana epedation noa 1) ecaving the input akgnal from tha al [sast one second sanecs {Bg), maid input
sr1Al Fom 11a Secood Sirkor biiryg indicaliv of whethee or 1ot T Gioseaion of 2aid oulpul Sl (D) for
achwating tha achmior la apomgiate, ard for penerating an outp kel (O] Indlcalirgy when tha ganamEikon
of sakd outpld Eonal (0 for activting e BCIUsinr [§ not aoHTpriate;

rmeans o determmining, bhaeed an an analvsis of at least Gignale output by Ihe epectalion node (1] and mator
cantrg (M) of the primery respongs nghacrk {1}, that the regpongs of the moker coning rgquirgs promgtion or
irFlcey; G

AN mescipthee mamary (25 generwting sakd poaithe and gt reinlarcarmend sigrals Eaesd Lpcn the deter-
mination meda by Tha datarminetion maans.

2, T tysbonrr) Sdomwdirg S0 oliim 1, vivonir S o SRah fogd bobBeey ook (') oF s ey redpswkd rabcs (1) &
edepted to prochsce Bn outpt sgnel arly whan ectivaled by an activelion signel from B comessond Ing Bctvetion
mods X,

3 Trosystocn sceooedig o clairm 1or 2, weiirsin o dulro i namdey (Z) a5 aciagbocd o gewincabe B et ard
nagativa reimoreamant elignala besad an tha artput algnal vam =i leeal one samear (S} mulipled by 8 reapacthme
wighl tw™, i),

4. Thagystem peconding ko ciglm 3, whseln the Resociative mymory () i adated 1o apoly reapecthe weights (v,
wi ] tha valuss of which ora upleted st trmea when the delarmination means dalenmines that the raepemas of te

12
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COMMMEDOrK|r Malor G (KT reguinss: pronicticn or nhitdton,

& The gyetem sccording to Jaim 4, wharin the valuse of the respectve weighie (w”, w7 are saicuksed scoodng
o the Folksrig ecpuetion:

awBeg ¥ 6 | el | [ax 04"
[

whers [du:llft-n]" = madAx (H} 0} , Swnfl) repreaanta the chenge meds &t ime tia the welght applled ta the algnel
£ DUt By 114 £anear (5, thi (€, e Chanos I 116 valus of T Wl QT sppled far the B ntaral tand
applied for Tha tirme manal 1, Akl reprasanis the chenge obasnnad Bl tma irenal (1] in Tha valoa of Tha aig-
nnl () outper by the aangor (3, thal ks, the changs I e velun of The sl grl ; Detamen that obearad curing lime
imtarval t+j-1 ard thet s ened cumg time intersal =, + 5 posiive comslant indicativa of 2 i me parcd over wiich
Ine wysten ROk aale for cetermineton of witl and A, ¢ W a0 empirically-caber rined Hamin J-rabe conetant
Il is proportioneal o e sffectivenass of lha conditioning whean the nlar-stimulus nlanal is |, amd gis 1 when the
wolghte wre baing upciated and 0 whan the walghte wre not balng uncisad.

G The pystern acennd (g b sy previoos dalm, wherein 1he plusly of seoscm Incuds st (sast cie Banaor reagond -
irng o irtb ) conydEows i 1P SyEbam,

T, The sysbarn aodording o fevy i ot ST, vk s ot Bt oo Sobubes’ iril udies B Soleilcs' nig ulaling A
Irtesmel coreiiion In e ByEtem.

& Tha ayslam acxeling toamy prevdas oaim, wherein eeid =t Baal ova secars] samear (8] ia sdapied o detect
methvity by & uner inclcathre of whther or nct they ganration of sald culpot sigral [Oq) for activating the achutor iy
eppropxiels &t thet tme.

8. Thasystam aceding to amy previass claam, earpasled ino an alanm genarsion cenica.

10, The evetam aotardng b any provicess dairn, inospabed e & devied providing Sheked poreons| etae,

wherain aeld o least cne secord eanaoe (B s adaptad 40 delact ectvity by a usse Indiceative ol whether or not the
genamton of 58 output signal [T for ediveting the schelor = swopriate el bat Bne.

13
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SCHMAJUE N A ET AL: "Escape, avoldance,
amd Tmitation: a nedaral netwWork approach”®
FDAFTIYE BEHAVIOR, SLMMER 1997, MIT FRESS.
FUSA,

w01, 6, na. 1, ISEN 1059-F123,

pages G3=129, XFA020719E0

* page 66, 1ine & - page ¥1, Time 31,
flgura 2 &

BARTO A G ET AL: “Meuronlfke adaptive
elewents that can solwe difficult Tearning
control problems”

IEEE TRANSACTIONS ON 3YSTEWMS, WAN AND
CYBERMETICS, SEPT,-OCT. 1983, USA,

yal. SMC-13, ne. 5, ISSN OD12-5472,

pages A3-346, IFO0Z0OF1951
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