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LECTURE - DEMONSTRATIONS

i

dachina Reproducatrlx
DR. A. J. ANGYAH, Physlologleal Instlitute, Budapest.

A description of the demomstratlon 1s glwen on page 53

The growth of concepts and thelr physlcal analogues.

MR. 6. PASK, System Research Ltd., London A,
This demonstration 1s described In the Appendlx to Mr, Pask's
paper, Sesslon 2B, Paper 7.

Conditional Probability Computer

D A« He ANDREW, HFL.

A desctiption of the demonstration 15 glven on page B45
Further detalls of the Conditional Probabllity Computer are
glven in the papers by Dr. A. H. Uttley, Sesalon 1, Paper 5
and by De. A, H. Andrew, Session 3, Paper 5.

A Simple Computer for Demonstrating Behavlour.

DR. W R0OSS ASHBY, Earmwood House Hospital, CGloucester,

A deseription of the demonstration 1s given on page 947.
Automatic Pattern Recognition

DR. W. K. TAYLOR, University College, London

A deseription of the demonstration 1s glven on page 951.

See also the paper by Dr. Taylor, Sessiocn 4B, Paper 5,
Automatic Speech Recognition

PROF, D. B, FRY and HR. P, DEMES, University College, London
Se# the paper by Prof. Fry and Hr. Denes, Sesslon 3, Paper 2,
ARE Library Retrleval System

MR, & WHELAH, Royal Radar Establishment, Halvern.

A deseription of the demonstration I8 glven on page 953

DEUCE: Experiments relating to visual perception and simple

self=mpdi fylng programmes
CHE Division, MPL

ACE: Automatlc Computing Engine.
CHE Division, MPL
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i0 Optimal Coding Device
MR, P. E. DONALDSON, Physlology Dept., Cambridge University
This demonstration 1s described In the Appendlx (by

Dr, Barlow and Mr. Denaldsen) ©o De. Barlow's paper,
Sesslon 44, Paper 1.

11 “The Orouped Symbol Assoclator (an ald to Medleal Dlagnosls)
DR. F. AS MASH, Western Hospital, London

This exhiblt is fully deseribed in the Lancet, April 24th, 1854,
Pp. 874-5. See also Dr, Nash's contributlon to the paper by
Dr, Paycha, Sesslon 4B, Paper 4.
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MACHINA REFRODUCATRIX

AN AHALOGUE HODEL TO DEMONSTRATE SO0ME ASPECTS OF NEURAL ADAPTATION
oy

DR A. J. ANOYAN

MEMORY has always prosented an Important problem to physlologists and
neurologlsts, and there have Deen many attempts to interpret the braln and
1ts memory functlon by physlcsl analogues or illustraclons. The early ones
Included Dubols Reymond, Pevlov (ref. 14} who used telephone anslogues for
both uncondl ticned and conditioned reflexes, and the Hungarian neurcloglst,
Jendrassik (1012) who used anslogles of physlecal Induction =nd resonance.
More recent thegries of conditloned reflexes Young (1938, ref. 22), Hilgard
and Merquls (1941, ref. 5, Henorskl (1948, ref. 1), and Hebd (1949, ref. &)
used similar ldegs in attempting to make hypotheses on plastic adaptation
uslng varlous clectronle circults, All-er-nothing features of Synapses wepe
detected by microelectrode studles and discussed by MeCulloch and Pitts
(1943, ref. 13), end by Eccles (1953, ref. é). Crage and Temperley

(1954, ref. &) used electromagnetic phencmens, 1.e. field processes,

However It 1o clear that all these analogles are only very tentative
cnes, even if they do show some features of the brain. They are useful in
helping to explain cthe meaning of blologlcal terms, and, not less important,
they may nelp to clear up errors and Inconsistencles in our terms, and of
the physical analogues asspclated with them, Physlologlsts are obliged to
define clearly the concept of memory as a mechenlsm of a highly organized
camplex living system.

Machine Reproducatrix, which ls shown here (photo, fig. 1) s a model
wWilch Atiemprs to demonstrate some, but not all, of the recently formulated
concepts of nervous adaptatlon. It 18 based on Dr, Grey Walter's Machina
Speculatrix and 1ts development Hachina Docllis. It 1s & relatively simple
analogue model of & simplified pattern of the Innate snd sequired reflex
connections of & Living belng., It 1s a simple model compared with the more
refined concepts of Dr. MeCulloch (ref. 14} or Dr. Rosenblatt's perceptron,
Dr. Uttley (ref. 15) and his Conditicnal Prooability system or Dr, Ashby
{ref. 4) and hls habituatlon and homeostat models,
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The nodél has two or three receptors, for light, sound, and mechenical
Input. The slgnals from these receptors are relayed through two control
*centres® each of which controls a motor; this dlchotomeous control serves
to demonscrate a baslec innate pattern of behaviour, (There 13 In fact a
very lmportant dichotomy inherent in all behavlour, between well-oriented
and directed poal-seeking and randem searching.)

Like most living things, the model, 1f once aroused, searches for a
goal for one of 1ts tropisms or lnbomm unepnditloned reflexes, It searches
for llght because of & connectlon between 1ts photo—-receptor and effector
motors. This behaviour, which 1s domlnant in the system, 15 disturbed or
Inhiblited by any other stimlusz impinging on its mechanical or asoustical
receptor systems.

But extreme Strengih or duratlon of the origlnal deminant stimulus
causes the model to seek a new dominant cue. This 1llustrates another
principle of reflex activity which never allows an organlsm to follow any
drive continually: by swWwitching off the drive at sgme level or after some
time 1t starts a gearch for 3 new stimulus. Analogles of this can be
found both ln whole organlsms and In any artificlally separated part of
thelr nervous system, Two teleologlesl principles zeem to be Involved, but
by Introducing the concept of positlve or negative feedback the organlze—
tion can be seen to be very simply determined.

Flg. 2
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A logical concept of conditsoning amd learming was bullt up by Dr. Grey
Walter in hiz 'CORA' and we must study tne actlon of "CORA' briefly befors
golng on o the next stages. Figure 2 15 & block dlagram drawn in similar
form to Machina Reproducatrix. The flrzt three logleal elements of Dr. Orey
Walter's model can show a behavleur snalogous to that which may happen 1n
every inatant of alert activlity of the brain centres. Two stimull, which
originally wers temporally or spatially separated, may meet on Oné Or mOTE
aymapse of the brain, ensuring alertness which is & basls for recelving
communications from the external world, In "CORA' this can hﬁ En ir (a)
the orlglnal driving or troplstic stlmulus 1s dlfferentlated COrTES—
ponding to the on—off effects produced by sppropriate synaptic connectlons
at semsory Inputs to the braln, (b) a second non-dominant or neutral *
stimulus preceding the dominant ocne 1s delayed in 1ts effect [corres—
ponding To "after discharge® or widespread non-speclfic activatlon of
synapses). (¢} the Lw{g}]ma].s satlafy the necessary conditlons, e. i
coineldence, summatlon'~,

8o far there are no #1fficulties in explaining these features of nedron
behaviowr, but for bullding up a conditioning process & further loglcal
step has to be Introduced. This involves a temporal summation of the over—
lipping colncldence areas or the probabilities of the two SCimuli, ﬁ].f"“'
model this can be represented quite simply by & cepacltance circult'™
nevertheless in a nervous system 1t may Involve a more refinéd méchanlsm
8,8 It may work on principles similar to Dr. Uttley's condltlonal probabl-
11ty system,

Dr. Grey Waltar polnts out thal & nervous system, working as a learning
box must rule gut sheer chence and reach a threshold of colncldence for
conditioning. There have Desn many hypotheses of condltiening, e,g. 1n the
neurophysiologically almost correct work of Eccles (ref. &) he attempted
to lecelise it 23 a specific feature of the central grey matter or of the
cerebral cortex because of the multlitude of Input and cutput connectlon in
thls reglen. But Paviov polnted out (ref. 17 that In spproprlate condiclions
the ®*Summation reflex® (1.,e, assgclation of twe stimull) may occur and give
effects on any level of the nervous system, especlally the less co-ordinated
ones. Dr. Uttley (ref. 13) found that, in his conditional probabllity
computer, the activatlon of & unit corresponding to the firing of a neurgnal
network does not suffice to distingulsh actual occurrence from computed
probabllicy, and he introduces the postulate for & regéneratlve J.s:u:upi

The next steps In Dr. Grey Walter's logleal scheme are activation'™
and the pmmrvat-innm of information by anm opascillatory circult with very
light deping (an analogy of cortlcal alpha-rythym). These steps are

# Humbers In brackets refer to polnts on the block diagrams,
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followed by u:ihzm the osclllatlon and the original neutral stimulus to
produce a response corresponding to the original dominant or unconditioned
stimilus, The response 1s analogous with cortledl neuron output,

At first glange this seems to be & correct representatlon of condi-
tloning and of the memory functlon of the brain and most hypotheses
explaining conditioning on the basis of neural comnections are zimilar.

We declded, 1n our model Maching Feproducatrix, to reproduce condi-
tioning In the same wWay as 'CORA' does, but Instead of an eselllatory
circult we employed a neon tube with two relays and a thermistor (the
slow rise of temperature of which produces & mémory for palred stimuli
for almost the whole running perlod). This solutlon was preferred since
the orlginal ofie was too sensltive to mechanical dlsturbances, This may
also be sald about the nsural network which is exemplified by this sircult,
In the Introduction of the themlstorwe may se¢ a very alight analogy with
the newly-established fact that the exeltabllity and activity cycles
depend on the activation aystem and thence the cortex on vascular effects,
There 18 S0 far no Justifieatlon for taking these analogles too far,

Though Dr, Grey Walter's leaming box dlsplays some surprisingly
correct Imitations of 1ife It shows that unfil the last few years the
explanation of brain processes in conditioning and learning folloed a
very simple scheme. Compared with any animsl durlng condltloning, we must
conclude that the CORA circults cmit some Important characteristics,

Theae are:-

(8) the conditioning trials do not lead to habituatlon of the neutral

atilmulos,

(b} other stimull related to the conditloned one produce fo affect,

l.e. no general{zation occurs.

{c} memory is lost as the oscillatlons graduzlly decay In the memory

circult and is finally extinguished. We must repeat the scimulug

comblnation to obtaln recowery which 1s never spontanegus az 1t 1a in
anlmal condltloning experiments;

(4} & new disturbing stimulus may cause gross deflclencles In the

function of such & delicate automaton depending on exteémal Influences,

They seem to produce neurctic-like behaviour, but no marked external

iphibiting or disinhiblting effects can be distingul shed,

We thersfore attempted to supplement CORA to overcome Some of these
defects. Hachina Reproducatrix responds Lo three stimuli, 1light, flute ang
whistle. Six or elght repetitlons of flute and light cause condltloning
and the model turns 1t front towards the sound {Jusc as the previous model
did to light). But once the capacitlve memory sustained by the themistor
clrcult decays, no mors conditicning effects are observed, I we repeat
the combination of flute plus 1lght condltioning occurs at once. I we now
iry the whistle, we may observe a conditloned effect 1.8, a Feneralization,

[34008) Ly



But after several (about 18} repetitions of whistle without light no more
such effacts occur, wherezs the flute (which with 11ght was the eriginal
grimulus) remalns & conditioned stimulus. This 18 simple discrimimation

and If we carry on fluting only, the effect of the flute 1s also extin—
guished or habituated and no troplstlc behaviour is seen, But, In gar
model, the conditioned effects of the flute recover In & lew minutés, but
the Wwhistle remalng as an effectiveless stimulus, If 4 new sharp sound ls
{ntonated, even the flute may De depressed; this is external inhibition,
gnd after a féw lnstances the whistle will regain 1ts effect, this 1s
disinnibicion, The flute also Pecovers lts condicloned effect comparatively

2000
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Fig. 3

Figure 3 15 a block diagram of the original model, Machine Docilis, and
the supplémentary parts which have been added to make Machina Reproducatrlix
achleve these feal g, The three inputs N,, y Hy have & n 1l . Lo
& counting d“icaﬁ{emmscud cfeeny o .;ﬁmim cimuir.i“”lgﬁ“’,
the outpuis of which are connected to the gating relay. If Nl and Hﬂ occur
together conditloned reflexes are obtalned from any lnput which contains
either, but stimulations due to Ny or Ny alone are counted and cause
blocking for a glven time of the conditioning effects. If a sufficlent
mmber of unpaired stimulations of Hy occur 1t leads to permenent
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Inhiolclon of unreinforced stimulations of }I2 uncil Ha 1s disinhibited.
Thus we bulld up a diserimination. If a new stimalus Hz 13 glven, and it iz
strong enough, 1t comnects a transistor clreult to produce dlsinhibition
of H'z and also inhiblts the condicloning effects of Nl.

We realise that thls model 1s somewhat crude, but 1t wes congelved not
anly for demonstration purposes, DUT also to draw attentlon to soma impor-
tant questions. The supplement to "Hachina docills® was concelved to repre—
sent the phencmencn of habitustion which results from any blological
atimulus. It 1s a basle mechanizm by which extinctlon of condltlcned
reflexes and thelr internal Inhibliclen leading to diseriminations 1s bullt
up physiologleally. But Its effect is temporary, and may be thought of as &
negative fesdback to the chenges In neural comnectlons of every nervous
adaptaticn, In fact, the condltloned reflex cannot be fully represented by
taking account only of asscclatlon, combination or summation of two stimuli,
slnee the mechanlsm of habituation occurs in parallel and counterasts any
accumulation of correctlons, (Thus, It ensures the conditlons necessary for
the coexistence of a "conditional probsbllity® and a "econdltional cercalnty”
gystem in the brain), Experimental observation on the mammalian and human
brain especlally in the Neurophysiologlesl Institute of Pecs and also in the
Neurgphyslologleal €linlc in Debrecen, (Lissak and Orastyan ref, 12, Kajtor
et al, ref. 10), clearly sugsested that 1t is the hippocampal system which
may act llke a counting device for any sensory Inputs, This agrees with
Green and Ardulnl's electrophysiologleal observatlons, They obsarved that,
following stimalation, the hippocanpus may Inhiblt conditioned reflex acti-
vity, Independently of the origin and dominance of conditioned or uncondi=
tloned stlmulatlons, and this may be demonstrated by studying orlentation
reflex phenomens of the model, Now 1T seems that the supplementary parts of
the model may be compared with the negative-fesdback effect which the hippo-
campus has on neccorticel and braln stem phenomena in condlcloning. We
should leave further neurclogical diseusslon of the structural analogy and
peint cnly to seme observations by which the valldity of this analogue can
be tested. The electrophysiologlcal observations of Horell, Jasper et al
(ref. 15) have shéwn that a algnlflcant impaimment of electrocortical condi-
tioning occurs only with archipallial (hippocampal) lesions and Panfield and
collaborators (18568, ref. 18) pointed recently to the fact that distinetive,
bllaceral leslons of the hippocampus only wipe out the recolleccion of
recent memory experiences. But even If we contrel the effect of such lezsions
or that of any extended cortical leslon In a conditioned reflex experiment,
Wi may find that the assoclation process by itself 1s less Impaired then
discrimination and appropriate recall (Angyan, 1988, 1957 ref. 2). Thls
sgnewhat too doclle lmpalred learmning mechanism Ls modelled by "Machina
Docllis®. We get the same result by comparing the brain adaptatlion with any
model taking account mainly of the conditioned swmaticn reflexes,
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Our model demonstrates (1) that habi tuatlon and internal Inhibicion
must ateur in parallel and must o Some extent inversely regulate the
conditicned summation or probabllity computation process. (2) that discrim—
ination 15 based on & common mechanism with habstuation but 1t may be
further lmproved 1f specific Inputa with specific analysing mechanisms
are consldered. Some degree of diserimination may be obtalned by rilter

“mechanlsma, but it is only effective If it 1s regulated by extinetion based
on havltuaclon. (3) that sporntaneous recovery (or recall of forgotten or
extinpuished conditioned reflex) camnot be based on prefarential states
for more recent stimulaclons (as in Dr. Uttley's concept). Our model though
far from belng & sufficlent analogy, allows the repeated recall of an
extinguished conditloned reflex during the whole span of 1Cs memoTy.

The fact that our model 1z still of Insufficlent complexity 1s shown by
che effect of extermal inhiblition. By causing a block through the
orientation=habltuation mechanism, this wipes out both the effects of
positive and negative stlmulatlons. To obtain a recovery of dlscrimination,
we need to tulld up agaln the extinction or discrimination process. In our
opinion, thia problem can be adeguately developed LY Conatructing a model
which Incorporates ancther very Important and experimentally well-founded
fact of mervous adaptatlon = the Sherrlngton prinelple of refler antagomism
and matual Inductlon. Favlev has polnted out that this 1s the third besic
meéchanlsms (with excitation and Inhibiclen) Iin the malntenance of dynamic
equilibria of every complex of innate and ascquired behavipur.

If we assume that, In parallel with the éxtinctlon process of the
development of any Internal inhiblclon, that the stimolus to be discriml-
nated bulld up & ¢onnéctlon with another specific stimulus ln oppositlon to
that already conditloned (e&.g. sumed With & negative stimulus), 1t would
not e too difficult to tulld & model which demonstrated electronlcelly
thls mutually or réclprocally lnductive ancagonism (perhaps In the sense of
Wiener's 'moth and bedoug' model combination). If the twp sumatlon Systems
are coupled together mutually in an inverse feedback MARReTr, an automatic
mechanism ls obtained which resets the original state of discriminatlon
immediately after the disturbing stimulus disinhibited It. In fact, this
occurs In uninjured, nommally adaptling, animals, with a speed and repeats—
bllity which is wery characteristlice of the individual, It iz one of the
most lmportant transfommations which sometimes seems Lo AlmOSC entirely
ovarride the rules of conditigned assoclation In everyday payehlc actlvity.
It Is usually the first mechaniss to beé impaired followlng functlonal or
gtructural disturbances of the brain, We are convinced that this mechanism
of 'direct' Inmhibitlon 1% an inherent structural feature of nervous
‘organizatlon. Every uncondltioned reflex has a positive 'to’ and a negative
'fro' aspect (seén in defence, feeding and sexual activitles). These form
the basls of~unconditloned reflexes in thelr lower and higher manifestaticns.
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Flastlclty (acquired individual adaptation) 1s however maintained by
habltuation, or by lndirect Inhibitory mechanlsm, which never allow
"smmation reflexes' to bulld up sbove & certaln limit on the basis of the
formeT cnes As 4 result of new stimull impinging in thelr necworks.
Flasticity alsg counteracts the development of fixed correlations between
the summation reflexes, 1n eantrast, & g. with the spinal cord's reflex
organization. In an 1deal model syatem which also contains the development
analoglies 1t should be shown, as in the masmallan braln and In general in
anlmal of the maln philetic line, that (a) chese mechanisms are acting
along spatial axes according to Child's gradient (b) the habltuation
mechanlsm In 168 inceractlon with a swmatlon of probabllicles 15 never
#llowed to be statlc (c) the opposing coupled besic reflex systems cannot
be statlc. If 1t satiafies these conditlons the model system fulflls the
requirements of Dr. Ashby's concept of homeostatls malntalned by ever—
chenging dynamic equilibria and regulated by partly deterministle and
partly probabllistic percetlon systems, But our supplemented model has
functlonal correlates in the high organization leével of the mammalian brain.
The dichotomy of its design 18 also based on simple experimentally-
demonstrable propertles of neurons just as In the hypothesis of Eccles —
impulse treshold chanpes, synaptic wse ond disuse, reciprocal antagonism
and feedback principles. There are alsp probably differences In the axose—
matle and dxpdemtr] 0fe rcomentiom df neuromal -adaptation stmilar to those
ofrsusmation. and habltuation of thHe Hilghew Drganizatofy lével,

CONCLIFSIONS

Our model cennot exclude the possible genérallzatlon that learning is
Simply due ©o & coupling of two mechanlsms - say a positive or excitory
feedback and another negative fesdback on inhlbltlon. This coupling can
QCour at ewery structural level of bigchemlcal, electrophysiclogleal, or
functional anatomical organization, and to show 1ts speclal adaptive
features we must find out the principles for further development which are
directing the mechanlsm whose nervous system quickly adapts to 1ts
anvironment. Recent gbservatlons of the author (Angyan atall 1857, A
ref. 3) on the behaviour of flatworms durlng regeneration of the cephalad
&nd caudad parts of thelr primltive nervous systém shows that the two
aspects ol nervous functlon referred to above may be separated from each
other functionally and structurally by simple experiments, It seems that
both developmental and behavioural mechanlsms show Interesting polarization
along the developmental axes of Child's gradients, Perhaps the conditloned
reflex 15 ng more than a temporal expression of an axial developmental
mechanism propelled by an excltatory summation which shows more general
rules of polarlzatlon and 1s limited by inhibltery habltuation.
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Since In complex organlsms we are dealing with at least three speclal
dimensions or axes (and perhaps a temporal one as well) we are inclined
to suppose that & more complete analogy of leaming and conditloning
would be reéepressnted by a model In which three antagonlstlcally-coupled
CORA or Reproducatrix systems were linked and thelr wvarylng domlnance
cancelled by an adequate Internal scanning or temporal summlng mechanlsm.
This 1dea forms the basis for further development of our model (Angyan,
Zemanek and Kretlz, 1988).

In our opinicn, mode2ls are only useéful in that they help to draw a
better concept of present knowledge of brain function the reallzation of
which may show whéether our ldeas and terms may correspond or should be
excluded from the Interpretatlon of 11rfe.
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