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C.) eI The Univrsity of Chicago

SOF COMPL'2TEr, WORK - MiIC0h Iv, 1962 to 'YEUCh 1 6 rITSIA E

CM CS Ve .awlx uwirf inojUdme work 14hich hs I-ve'n Co.j 7S,"4 W

1= = Loue a a dr];r Coi Cate tomt. Various put3 o1Z t~~zle ni
LAU

;'va being preycmea .-or publication. Samxr proposals for .htveI; WU!l.

MCC* . ,o &Ian 1L"xu~ed,

0,1EAPPIC qTIy OF NMRAL NElT 794M OF MARNM~

4A .b_ o.:7 -.r-blun invaolved In learnin hmv beer. cdwO

zth-I9 *vil' J1 vimY 01, newerat thecu'y, In th2is t7mcr I.t Is
~, z-d -tti U-, -'eet of 2aavzmivg in caly to imea r exaik.a..

~ n2~br re~rfocejent, lIn not of tY r, -- : u , .tu

:. hcI l t a~i..P rx: c dre tc thxl. f'V that there amet

b :1'7Q, sie. '.)r wphvizd l.,joi t 2-at i .~ o~a

.:~rie15c~ r.~I~:Lt is gener.a11lr essumed thec. the~

Sr2vi*ut ef lamiwi (through vow smplirg mcwr-jaz' piu.

!a :iiur.r mis~rs On the other bond, In Um. pmcW motel At

tlm t'a tho learning chamMs an eoitefticiar Oi.' , Is equila..

~ .r a chiawg in depo~mLatwion of zaral renwVNI, On

r. cvx'oa, :*.ndu~n hat' a ohaues In tbzishhi~a aienO orm am-

~'it~L~ho jlc.rm bstueen anm vag iO'S tatiu or' a deewommd



Y: :vhc'.. If th'tere iz, -t singW stimuc involved, 'IA ;im~ ply,]

~~ ~ 5 cb~rw'i3 . th.-3 a=Atl~on nd. a :l"mior..

~r~u~~c~ito cte *3ma~ "ho chaig in prcbcbi1ity of Vi: ~.r

i: *h other hand if ths;.e am two stl=mLlI betwdeen iW ' hnorxr..

b.= =Josdc then tbu asrshold, Wulif$ dcos not enter, b *t V.~ chanfls

(r.~t L 'i~ rn'i~ t btwee.., the excitatica co ;pdr o :

- Ao:.i*.Y-r '~ which irmr bave been altered by ait:61t-vlng

1. ih.~ ~ of cuoch a simplet system it then seemii m.swb)e t3

mp xnO1')t for score of tho clcmseical lets.L dt&.t to ee

:,2,ot tV-w riodeJ. can c unnt fo:! the &L-ta ILn a z:t-.p'i WW~.

d ~~ 1nclvc is t':.ai. i: ao~ek'ico thcn ~wf.

Tha 'Pi7.m .L v~rps, U- r-- xwodiicrve. Ji;TT . -iitJ .0'pu

C 12:";3it xea-3tion; then At i*L i-rumd that comI.' u2--gZ talbaz

*.bet, 'no" -3h a-ondtiormd vM&u.is and thii Mlight r '~n ~

.- n~aa3 ramuts nd, Vnerfor, eamw- .4'.s* W the.

f*r etOr~~t perha lamrs tbrsbolis to z'espoefte In

r~l. Thi,~ r - vudvrm loanU6~ thsere an 11m2, to be two pro-o~.

C., sAU. too V'ia voxmoc1 :ivsponse, These pre.i-- nr, In ptfr*1pU,,

ivr.1 :iSinpl dinmr~u. atior. eatora Into the wpz~!3lrprCr



)J.ea=JTMiio ?wart~l Reiorcenit,

Scci sldf r zi£tuv.,,.on li which there is a cho:tcu (d~ i ra-

j'~r:, eacli n.C whih is rewsarded vith am fixed probabiiU.-'y~lr%

vt~ 1T tr.s pr6aabiL-ties. Uzd~xw -h splest mcr~c'J, assmtLig

1~. - i -I! o

nuw vnIc 1Sad atrr -Jas - 1 I n

':I y w1 hiri.R a Im Vis iramLbzr of "correct" z,: oncs~ J-
w

!.-in r-'ev of "wr'~' mn crl + w -r... I s E:E- ~2as

1;:vIJ-- cf t±o ao -'-uct rev-)07ma P sais!fies P ;1, t11---,

do
jar, u-7.t-nentl:w wprcmiuatl n P ..F ard m, v ., wi

dn
117A-nir t,,:-! wpresion ftor P 0an a A-matlica ofn.

IT

IT + (r +71)a

d?'4

C:~CIA4 thL 1cs , 1, - l ( 'It~

C:. li-. Lh j u m '7 11 'IT 09- b-

T4 ~ - 2;j 74O Cl eE from (2.2P At lty pl~ot-

r:. ig , (7r- .Ir ) ni al. tli)." auves ahould -vw*- a

ctrrt a) ar (b) i-xer. reanltin3 In Ume nem. cnrw;Iq. 7ble



from:1 o~sa (a) Bhould4, according to this model,, soor. -,Ivp are.

hich: i:h- -,%Ine; of PC~.

~t~z1'v"r *d*x &,a 3n T-iase r,_x-erInt3 witb' rats -- 'n thr

tU.'uti r.:x&:d sohedule Seven rate -43re used in each of the. thr'ee

a.:oitolnm.i 1ht trials run each day. These data (ad3usitsz as explained

) tr pi~tc. iri. 1 as PA. r 3-r3rt c wreot turns 'virzy each

CL~~a1. . 1-r n It crnx lie seai that the di'r' :-.. w -,;J-t tl~C W

;~ t~fonthat the :iziti. slop-s :hul be bh samT I':- -Uo t1wen

u':nzfl aZO1lso +:at Croupf: (a" -vx1 (b) give seentiE. - :a'e

'jfrvntl StwAriey ran each Mi,4 cnlv until tbre vivvLl it. -it ts 3

- r ot nscssri3, outi-m, without erroxrs. This ;B r t :tx the

:(cdvclv.tS ef P.. ir about the last haf of each fc,-vp,,a I't'i.

Ssinc~e thorr do not.- imudo tie rats t4hat had prwxilUl ~ihe

10 P iorrect reepoiwa. le have adjumte his data on V~ie P'3'ztior

" he~ ra.t . thvt wero vithdra vrou2l have oontinued tc f.Pormi th.

3n ,r Urzin -1in acJ-zwted dlata, It ow be seer frwi. ;jn1Iwvv

Via. tw::~c'A f h1.4ier valuei for ase (c) is aLso wv.I'jmu4,

. r-ae. riot rnodol fo., oavo1pnc 3aw.rri is ce'rai ' K &is 13

1! .';,r-dvd to ivywyazet thse sqerwivnts purmid bw D1k-~~1~~

*---uahloca flacc-rd 3.2 361-365s 1962) In whkdh a i , p.Um" Ir. a

i: ontndk~ig f xd ave itler arid left i' omplt. dvV~w -aLfor anm

:4xed px.:t7Lx1 At on erWC of the bat elnadej We v,&rV'bI 30* as to

3~anr. , 3..., O d. D. Theisa RWvvwd lhuiwusty. 1950. Quoed
Ahf v~~ rsictaller, 8xchastiO Iodsls fm Jawnftp p, 2,02,



4rksa eco-md of contact. In a ontr'ol xrn, on~y the r'ecord okf

cubctsis rVade., but in an ejq~ienstw1 run the oontects are re-

C:.~Jark the -nimi slum.tamousl receives a shook.

FEx- tlhe aot l aituittion9 , A is a.suivd that t,-hera is- a~r,1

'Att-ion SE (t), due to the toeney too explor'e new ~v.*t

-ili.,h diamass llnmarly with time, during a period 06 t~ A/

to a orstatit bee leve., IE. r1Teapoflte entoer.xtr

3,A of U-4 bm) onours when 6 (t) plia a randcre mjttionsi S 5

3 cnaedm the threuhoe. :i,* Ttto m=ziber of reaponses a, 'u tc; tim~

-'z ther gixell by

h kE 9

2k E 0

in~ Vij, 2J., tlhcre it -)hou-n t~h. a~nmenrt, of t-is~op'

'"Ina thc .'1e (Is, M~ - 2.13 wtid ep [-kh - t j
i,~hthe klxt fo~r twio control mni~nals,

70--! the Ccpqmramntal aituatiali, :.t is assumed Vint the eV:"cot Wri

S to f lnoO Is to produce an irdAIbition 2. at Via z'r"

whejw:re zthiv embr of "wocerep"8(i.. hook$

~L~d As nhe t awltation 13isthenl F (t) 3*After ltred~@~J

r-n~ a rxem5rAetma and nRVIficabiomm, thero zensu frrc the mBi

uu 3h10-A-r, *1% U te njtv8Is

Vago 3.+p) t /



SimsO A IL= been t*akoen equal to liw (1/0)0 this iwclves oYA37 am

4&ccitlorrOa. paraimterp It 'Oin k 0.9 uwuzd~ the va3.ue. for'

,mnimals Ii conti,oJ runs, gives the omr, *o plotted inr, T*Ii

f Igure also shmmr the data for a typical Poperimsntal onJcb-

t P'.ned by Bra4~ and Marmase o

The constwit rate of shocks after t = /0 given I1y (242) UA due

to c.:4 of the ap.racimatione urod. Without this, th~ae moce.

3ACica rejome cumv i wrhich the rate decres-sed prrtotioiifl2'

to a cow-ant value.

Mr t:--n it is a.'3uivd that conditiain etE =3,y to reduces

tent o f~o tlhe aniiial to t' o to~ thn vired region. rhay- oould

2..o be wodLi~.n~~hich res!.tt in rer -- c~i ol :'2 V&1.ivi+j,,

SU cou'.d ba~j vceAd. lyf YnonitrirZ tho activty more C( e.r 0

~ .~od~io~ I' o0 th,-. experizrents has been tmUejete ".o .

1h1.9 tmde. cra be m~e more zeal.Latio: by, !.nc2:x;Jv: O~tl.. fw~t that

Qim~e omi be a deceq of inhibition jina4 due to Xorgettiq,, -rIftn the

zz- Lo of time. Also xperimnts in i~hich aboolos twe (1k.livered ally

z*. waV4-iatioa of this mde3l.

Conlsi ' ir nwt cn aMplcatiou to the data by Solomm idx Wpm

~ijhl. 1onces 953v 67 No. 14). 3b this situation dogs we shmoi

.-. tbhr didi not escape over a berrier within 10 eeola of a wautV

rjs~tu IA unl -Aeri~ re r.,oored. AA esomp bfcos 10 seconds Is

rford bo ase a avoiciavc wh*ve s coape after 10 3maids .4A --ferved



to as a chock trial.

Le~t 6 denote tue excitation 20", 1 correspondling to t1vi eOsc4

roppornce. In the absenca of trtng lot it have *'. i-tan 0

wThore 0 ixiorosents a randomu flucr!tition, As a reslill. of n>~i

nont followIng the presentation of the onditioned W17,v -5

there will be a conditioned axotaent itbioh wMl alte ,, vo

that vrw21 no longer beg for e.~emp) e. on the waerago rtorc, but

lam.~ sorx -an value -T plus the ofrgim random eaqxnent ,

Int -T 'bx proportional to the minabe of shocksm w. for er.&Mlo,

;u ..ht ~ wr Ida use this -pothesia rather than port.z.I.Ang

that the ,itandarrl deviation of~ the fluec--atiomw inmo, ~~~

U~is saIMuplr. In addition, ,.a a resault o., escap, t~s-

o:jac, OCU2 conditioning betimun S a nd the e&ca0e 2 09T)O TOf

'AAt. t-hin latter be propostloaul to the num a , at's.~, b c

:!nrr. puJ.Ashmant ma lead to tho c @xn'c, response ftirs -. y :Uzo be

ict.onn of th atw Sc focGiowsng wrors but the effect wAW

not be the ,;zw ii tupritude, aud hoe e sIntrde a c.,rtAiiat

s;.aa oZ b. Rence VS have P.i-ven bjr the fdamefzz ec6Ltons

Es6 *bc*P +?, (2.3)

YX h' I u the threshold for tV eaapu response ac If va, utgudf

~wj*Urto the distrbitonx fuctfi for Vhe rwmA MviitcMw t7

an abolrte value aq~onsati-l then the plababilitr of a corrnot

rw4=O~se P. will be given as a £vtion of w and a by ntra~ma Use



fluatuations aftr the proper wangs If we. asumem that do/dill P 0

V.-in the icxpreusion for Pc cn be so~lved, since n a w e-c., m-d homce we

.xv btat - (n). On differantiatIng thio rem-at witi -esp:t to,

n,we ob,.atxi 10 EaS a uxaotianofn I +

2 o'-'+ )(,On;

0P. ab e-h(b -) i +b nc m ) (n (.~

ICn Figur 2,3, data of 8co.crnm and bna m umed to M~ustr"te the

kxy imdel, Tt a=n be mee that 1.hthw b In swo or not~ ret in

aA.,p a slight ~imrmnt for P0a new3t equal to am, This an the

bvIA± of tbia moelv the ziot iy~potent quiaatr t ? 4 en, ines proba-

31bp It is 1U~Uly that it is the quantity f ubiah is tauo most easm-

+, La pr~'te,'? beai the rato o:-F inorvau par pmniAbrxmt oft the con-

.aSituan. In v1iw of the pmeviou

r.'xuts let vs nsgiat b. U1w suppe that the t~m T 1fl3a the

o-.lwams, uptI the pmzdmnt stwte Ix diviud Intk 4 ."Wse

Dtm-Awl; a.-h turn perlad in u'itiA, In a mW sal' to tht Out3Jm



61 77n0 an expresetan fori the probability of avolduve,, rd from this

,;;ay ther. caaitaate the prob.l.ity of avoidance duriqng the intervl T,

1'Tht cuiupleent of this pr'obability Urs, by hypothesis, approxfratelr

ftdui and Jr, a function of w omay~, On inegzating ths xraulting ex-

prow~ici we find1

(1067) 0 s

n3 yi Jf dy (2.6)

T'.-e probability q (t" of escape between t and t + dt is griVen by
t -

q Ct*-aslg 7 0) * & (2.7)

T PO0

U3nce the. integril of q (t), Q (40p Is given b7

Q qt * 1- (2.9)

Pe md~an '4ims given from Q (v be

If emce doam zat osuw beface tim to then shoek r Punishmnt

c-course Luau. that shook resmits iu n =a~ied eaitati r , I

t In xA a argwranb cm be rep4ed but nw we hoe r added* Ma Ws

~w ATy.al the 3&tes~y ielbtas a fWUM of tush.w



-10-

3, M~atin.to Fkae.4soal Veral~5

In pr,,vivz work~ (N, Y. Acad, Sc. & 3,056) it t-&t pcnbdM out thatt

.reerecall verbal learning data of Founar, Miller and ?iAcrzw

(J. Ecp. Pwyohol., 95, Id) amn be accounted for in terr3 o& a eingvle

leming aoefficieznt and initial threshold. Tabled v"l-e for the

p).wentage corzoect were given. Havver, two nbtantisl errors occur

in tie results giten uhioh were not caught In the proof, Fm 16 amd

2-1 trPas, the calculated values shou, hame been 95 and 97" r-ape-

tive4. Tn order to correc this error we give here in ,igure 3.1

te calculated curme, t~gother with the da

Vm altuation lzolved in tat in which. a subjeot, PIMar Ierlig

. list or words, is r-AvA to write down W-U tho e bacan ra a,1.

;o m such recomIn, the pLqortdon of cetcat responses Is ciLAulated

fro esch trial. TZ ve ignor'e t effect Ahn the subjec- r the

word but falls to reW3 it, tA the mult in as shimm " 'am

.l tgm~e which also combltas I t-- tmrtsm eosin in whi am the

• washold k h' is 57 m e r ift pwumtw (b k) L -1-

U can ba swen that the aw nt betbmm thaw ma d expeu" is

s.io fmetwy. Remer, it wsuld be at ~omiw" Interest to A.

-=Ato dotaiaine the koUa~n Ps =V294"ste haee bu t a

a.1js from learing dix to hewrift the wad Jr uithwt recall.

zI,02 y the effects a intoraon boUem rdi ied to be oaeb

siJered A study of ti results from viavios lft lmgfths in the at*

m'rinr~d to above needs to be owilad out.



tr-w theories for psyo2hopIlqsica1 dizorijuication end 2.e.?rn~ng ori-

ginated ad developed by Rashahvkj mid Landahl are baced, an m~ural net

Dmade.Uj, and wse as basic variables tho excitatasy and inhibitory imi-

pulses in b~pothetical nerve pathv.us and centeos. A differet qiwh

to mathematicarl mrodels for lewrring has been extezaively developed In

race-at years under the general rine of stoohastic models for 3.eunilge

The originial prop~osals for thesE etochastic muodels were put firwd

by Bunho )4ostel-Ter and Istea. Atuaafl two zuodels we :.nvolvcd bans:

owm oonsiders the upqor dram fromi tha stimuIns space by th:, Subject

dti-n the learning trials vzi2e t-ix, othcr is iwre Loia wrd eoaaitIrs

tha ;wobobity of a responAe at aM.: tri(L as beirg given- b-..- &. ].near

opoaxtor, which depends an thme response and outoam of the preeding

trie, ad oprats a th yrbility of respowe at the preceling

tri. Thes two appeosces 3mv beer sham to be I -- ---tical2y

fxqA-na~et, so that it is coret to cori-der the stochastic thacwie

at. 1A)"rin together.

In te m=%1a net, Owecrl, radm flmu ticai the respane ambe

th*r--q1 tie omrn tim. at f2rjOAUtis In tme tiweuhowd eixa l.

ttbions In the nerve centarn i'eavid, Tim the qusatlo wnes at

the rW~ltIo beween the imal not thecry -d Wlu stochsrt th"isee,

rspecia2 aimse tbo stochtastic tboctlInviuolve no stateaft or

Igpotbecas abot W Interna ewato In tho subject. Thit cpjtian

was onusidmzod bv go MUm aesi his thesis wStudiSm In Stohastic

IAU'nUW ?lucu'f (COM~%tee OR MNatIUmtia Ka vo 1*63). HSUtius



ithcwed that, under certain assumiptionso about the pi'obsbfLItty diatribu..

tluionsi in the neural not theory and about the stimus sip1es drum

by the subject, it is possibl.e to estabish v. formal equivalence be.

tmon the WO~ theoris for OMi pertioulaw eases

it Is pr'oposed to invostigate borelations between thes-2 U.9ories

It,her, It is believe.rd thal~t the restr'ictive RasDumptlin abou~t the

distributons &nd( :At.alB sa;W.Ics mW, -.-o be~ necessar~y, a~nd 11.!at It

should be posible to establish tho equivalence o~f the t'r.orion v'Advr

rva genem'a onrditions, In =V ase it vcu2.d be useful ,o Know

il-sut assumptionAsm e neessary1 'Ao prom the WOl thBCIM-3 arjUiVa2sit,

rz. undar what ca1itions it ay, tbW might be wcteod to Av1.e

G.: :-etIa3.ly diffcxrnt refaults. Also Wh relations between the tu.o

t- tnae bhould 1-v czamined i-a !wc~e detaili i,*,., Uhen. psaowtr

OU, itp to the saw set of expg?±minta data I 1x th 'thenries,, whA

iz -I.he re~lation bm~nthe paramtezv Mus~t iIht do these r1Antian

,t = =n thn rirfcance of tho paramtwse ii both tI-e Vscaifi? It

is -313o rec-ible Cu*t con iderazrdor of the relatom ttwtme US- bhearb

rp-cuggest wc3xprixet for diwzia~ugbetiw. them, ard -to lw~p in

the interpsetatirii a, the pmroxite



Miscellaneous Results@

The problem, of the b-.wav of the electro.etinogra. ha bean *on-

sider'ed. recently LELj IMath. lhyiosic 25, 252), For the zanU-

tude of the s-Vowve a slmpler mod.el can be omsideree. V 'rl.r ,"i

carriTd out in the Departmnt of Opht alaolozy, Univer,.t.y of Chicago,

rniiiates that this model is satisfactory. The .od.el pot-.ates a

gerrator substance which In diffrwile and in the nati, of r

synaptie censyme neesary for eum rane depolriat"M bo be able

to czOr

In a situation in which a sign l in to be detected in the presence

of noise it car be shown that an masging device ean gretV Increase

the certrd- y of ietction. In imural net ouw an averging device

is not very viqle. Havever, If cm a 8lp2 asks for smu, ith a

possible loss, then tVe result is slqly aehieved. It can be sham

tLh.%t y s- . aa-a on is reded to give the desired result. .'uth,_ua',

i" th loop is acpxmmtirl, a ivple expressian c n be ootaincd for

tAe prolmaility of a coe t respone as a function of the nber of

repetit.ones. Vihle there ae d& extermlf produced noise levels,

Irnta in which there is orl £nteral noiJe ham not boon found.

11o queation of the "additviW~ of Internal and a~temnl noife Is of

Interest.

The Problem at discriWnan mong several sti i in of Interest.

A particular ,eohn iam has been considered In fich t eaws remlts

th choie of only a single stimalu Iran Ie a pemp of stin4l.,



AhIct, thits mechanism has some urndes~xable speoifioityr, it mer be

e, staitir4, point for Ziwtier work,

Dal.%i t~he period of this report., ths fu:Umd% papere8, con-p1.eted

In tzhe pre~views peried (Air' Fares Cntract AF 4,Q(638) - lIQ hkvo

beer publiched. Copitse of these papers, whichbe Wa otvledgenmnt

t~o the Air Force hae. been mailed out to thoss individaM~ and5 x-

gmnsatione of the %:urreait distribition list,

lThlr Atioal Thsory of Mhe Otntral Nerv=u 8S~e~ l. Do Ioadl.
AnnAls He Ye Aad af S w Vol, 26& Art. 2&. 364Ov 1962.

"tA Cmu~raca4 Fo;:i for Nerv Nets Without Circloe. -to TC~um.o mil.
thzl.. BiI S 24P 335ft343t 2962.-

On Visual Adptti on I - Iiotocstry' t fla-d Wh~.t. BMfl. Math.
a 3 351..3591 1%62. -

"Cl 'IiEuca Adsptst.o-n 1- .The Flsec.rroovtiw~oizi wAx .Ihe BijxarA"C4MX2a
Ilw~old Wht, In ro- s
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