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Inéention 5|This invention relates to neural networskse

and particularly, though not exclusively, to
net wor ks based on one or nore chafacter?stics|mmmnmmm”mmmn
i ncl udi ng tenporal, spatial} intensity, magnit udegmoz*
and rel ative position; and may be used for one or nore
of. learning, know edge acquisition, discovery, data
m ni ng and expression. 10 Background to the Invention
E§@@3AhgﬂﬁﬂﬁmﬁuﬂhEﬂﬂﬁkaABN@WQAmHhEXEKm&ﬁemlmuuuMlITY
single interpretation of Hebbian Iearning. This
beRidCf Ifvemiinan concept is often stated as Neurons that
fire together 15 wire together . The defacto
interpretation is that "wiring, together” is effected
Vids inkentisry rakpesetot reatal petworstand tradicylgiy, theughpnet exclusively, to
t R%ﬁl m@gvork-g%séé bR '&E rbr%orb%an%@t@fﬁiéé indRiding tEARHA, sratial,

or welghted to refl
i WB?W&H@@‘?"}HF%&S& elaiye B?S'tl‘ﬂe a?ﬂ wﬁgp‘ﬁeg for, anG. giymore of.
f ieaining, Knowliedyeraequisitjoryistovelyedatomsiniy megexpeesaienr on,  or
vice versa. 20 Using the concept, neural networks have
been devel oped that associate a nunber of input
nBagkgreung do WeaNeHEPN of out put neurons via synapses.
The i nput neurons deflne the input states; and the

OEé%ﬂ? n%ﬁr%[ ger}&o glg %"J‘ ?}’g SS%H ro%di gHng %te Fﬂtﬁﬁ Of mHﬁan

exl s net wor
clepmivg: This t{aﬂﬁ.ééeqb@yéiogcepal? often sfaifd As HQWPB%“‘P%\% r*°9°3‘e’
h{vﬁéiﬁ:@etﬂ&t” Pk detacid inteRpretatioh Blthyd irinetopether® isyaffected via the

n@&‘%&ﬁe ‘ﬁ%tta%ﬁ?g rts“vozneﬂro%s tJ)ASeH'I%Lr %é %9 ng‘M meﬁl'eséoh%ng

rarnin net wor k
asynepsstis mpdiRd or weighied iy e i '@P?'BF?ﬁ/PfBRFb%pﬂf merPéeS&"aP""
S R&Wker! firifg bohtrfentiy WitiEtht Pogtbyinapticelron ok viceversms,
sel ecting a specific output neuron to 30 repr esent
that input state, and adjusting the s ptic strengths
oUsing:thgsprcept ngqq@ ne ave been develope: that assocnate a number of

input neurons to a number of output neurons via synapses. The input neurons define
the input states; and the output neurons define the desired output states.

Thus nearly all existing neural networks are based on the concept of three layers: an
input neuron layer, a hidden neuron layer, and an output neuron layer. Figure 1 and
Figure 2 are illustrations of existing neural networks.

Training of such neural networks is accomplished, in its most basic form, by applying a
specific input state to all the input neurons, selecting a specific output neuron to
‘represent that input state, and adjusting the synaptic strengths or weights in the hidden
layer. That is, training is conducted assuming knowledge of the desired output. After
training has been completed, the application of different input states will result in
different output neurons being activated with different levels of confidence. Thus
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| ayer. That is, training is conducted assum ng

know edge of the desired output. After training has
been conpl eted, the application of different input
states will result in different output neurons being
activated with different |evels of confidence. Thus 2
recognition of an input event depends on how cl ose the
original training states mach the current input
state. Such neural networks typically require

e ¥dcBdhtioM 8 arf RPR tevérit\dBpdntisloR hog clokd the lortiFiAIaRmiINgI statés match
t housands Lﬁ ga?l fferent input states, depending on the
nHRGHFeb PSS e out put  neurons and the accuracy of
the desired result. This results in practical networks

Oguﬂlt rha%ra? BQ@Ser Eyf%gé%yreﬂ'@re%nhlw Yepefid Rt it ﬁ‘&”d%@§ or

I nt erconnect | ng sy naP
Fw\w@w& d é’ﬁf“eg‘é'ﬁ‘t FiAtgs.sJapepding op Jhe r"é'H’Pe’eﬂ gesirRg) output
nawniﬂs and @eVitiacyisahe/ Bdsited raslit. This sdsaies iapravtiegd astedrks of

] orgél)' oc%l t CY ?@9@ i UPQRJ] élj neu\‘@'l C\Dltrs JAQ ,fﬁ%?hgso}g million

rons, S na Tl C onnectli ons
eﬁwn@nmgefmpseg O IO TSaiePRETETG EYNBPHsE<(EUTast existing neral

gﬁéﬁ&ﬂi hrB QerD lsRE®in siRchs c@hﬁbﬂ'ﬁa 0 XAe! E&PaGity aifitb Kuian brain which
H % mig(?gs z '@Fts t\hat closely resenbl e
PrﬂP g YIREG S WEORYut . Exi sting neur al

netvvorks are not capabl e of independent 15 |earning as
t b%eﬁﬁo?e extsi.ﬁg Relorky Hré Faibd % tﬁ§ SHéBiE’tdf Q_j%ﬁerahrfghﬁedef‘ned
desired goals are represented g ‘% @ Weurons..
R T O AP o RS RS0 SRR e el Feserts he
emmeg; séts1gsedrforriamb| Existingmgurahnetworke aretnat eapbbis etiindependent

febifitlgUss ey Q’Qytré?ﬁgdpyémd"%%roQséuﬂ)pﬂ&r@e OHb MekirddPY6dis are
20 Exi'st1 ng neural networks are i ned on the basni

ofePEESPINSA RY the, QUBNDRYANS; RSEHD s'l’ Jetwarks argnagt
i expréssiod ot recoliesting an iputtstaié based on thetsjiplios bl any output neuron in
| fRlogplifihyepnt On conpletion of extensive, repetitive
training,” the output neurons are not significantly
dependent on the order in which input states are
appbtingaeural retveorserataiked diihe basinpf apRlyied indenendark input states,

PAHd F’&wor? U RHES the rEﬁier e t%llh%ﬁ@@pﬁﬂtylll‘ nificai. bR %ompletlon of
current nut state

s PAEEVe P e e ooipy e A 5 hioieenfdogp iRyt on e
abidki ib whiclhinpetctaips aseappiedro tiexmetwarik d-xisting reurah aetwonk provide

Lh@\‘rﬁt 8RBasey eftirdly 8h tﬁd"&lrfeﬁ{ inp difle. STHR! $r8 Th NBIRh irput

rior trailni redet er m ned or

Sstep s SBBIeH IES FLEARNG OF HE 0BRGPy dfBroanee Thom.

Existing neural networks may have some or all of the following shortcomings:
1. they require prior training, based on predstermined or desired output goals —
they do not learn;
2. they can only recognise input states (objects) similar to the input states for
which they have been trained; "
they are highly computational, and therefore slow;
4, they are computationally restricted to represent only a relatively small number

of neurons;
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30 2. they can only recogni se input states (objects)
simlar to the input states for which they have been
trained; 3. they are highly conputational, and
therefore slow, 4. they are conputationally restricted
to represent only a relatively small nunber of
neurons; 3 6. they need retraining if they are to
recogni se different objects3 7. they cannot express or
recall an input object by applying a stinulus to the

Ol put tHag Hé&ﬂ'ﬁtﬁ_xuﬁng it fhey ard krebiimiRe dﬁf@re‘ﬁ%lﬁ%d:fs“ ent
stinmuli, of all gut ne

oVent | e S RoRsar o) 28 Jored oBispt R ERT Rt S to the

t hey cawmputoebrgnsg;dentify/recogni se events for which
tgey hﬂa\é?a#é%%?ezf& oﬂ&ﬂentjsﬁmuﬁ&%}{ ifpaSidifon@eur ons t hat

fire concurrent gui ck succession, are |inked
synapt ﬂ@mawn%&feaa\@ ?RS’t"hEM S%’?‘H‘g%ﬁpﬁs&ﬁéewp%\eﬁﬁ‘é* denepn
Ior t heoRly dieftifgifeciise @vents forr iy théytehvd Bechltrairedch hi dden

er [ .
ngﬁ ; on%%ycg%xén%ﬁ%u{oﬁ§ ﬁlay @e c&&ﬂﬁént& otQ hrne énl{/éeu&lfe%sbp %T%quked
accor dayneptioaiiyt but gn élOta@fi@swsh vmaeir@n ithe gthes\ar dedorgderrrs egon
netmorhm@pamy|5|ng a plurallty of neurons in which

i one 3 Q % of neur ons, IS & t ut

adboci 8% ypaen %eédleé{'PB %Pt'ﬁ“l“{ Bpyts fF°"hH§V iBiepigput neurons
neur oncongurdmdly.pl ural ity of neurons via active
connections to a further neuron in the plurality of

*neurons. This process is referred to 20 as |earning.

I n accordance with a second aspect there is provided a
nSummiaryefithoinkendionpri sing a plurality of el enental
neurons, and a plurality of structural neurons for
representin associ ati ons between an air of ..
n&?‘i?ﬁ%’a"‘iehg e agech dbe ik PIRIARY as@%‘lé%t’?&”?"f SGATPRE9
2 Plurglity upnmmswmwgarufone lobihi phralityeofingbironeisrabledo asrotiate or
Shésuaater@.kh RSN e.nlany Qthar %EJrHﬁt h”tﬁé puﬁaﬁb QR e,e%mm adtive
Nty Ocﬁlons toa f?:rther net?ron in tﬁe plura ty o? neurons [?‘els %ﬁorclejs% is re?erred to

as learning.

In accordance with a second aspect there is provided a neural network comprising a
plurality of elemental neurons, and a plurality of structural neurons for representing
associations between any pair of neurons, the pair of neurons being selected from the
group consisting of: both elemental neurons, both structural neurons, one structural
and one elemental neuron, and one elemental neuron and one structural neuron.

Each structural neuron may represent the combined information or memory
represented by a pair of neurons. The process of recalling the pair of neurons that
were combined to form a structural neuron is referred to as expression. Each structural
neuron may receive input from only two neurons.

The plurality of elemental neurons may be represented in the root level of the neural
network structure; and each elemental neuron may represent at ieast one of: an
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Each structural neuron may represent the conbi ned
information or nenory represented by a pair of
neurons. The process of recalling the pair of neurons
that 30 were conbined to forma structural neuron is
referred to as expression. Each structural neuron may
receive input fromonly two neurons. The plurality of
el enental neurons nay be repséesented in the root |evel
of the neural network structure; and each el enent al

”%féFnQﬁlaﬂEMnJlS‘sPre?%SﬁHed abieh&Ral A, Odnd Q”de‘hnec?'e%ﬂiaﬁ'data

st nmul us, defined el emental pattern, and a defi ned

e PlemERk E‘I’Ch&éﬁ"‘cfntaéP%’ﬁ‘Eh'l‘aEéE’ﬁeséWé%‘Pﬁﬁf B‘I’"h H% B?%'”H‘ﬁ)?“m”" and
I epetsstiniuli @h énférmatmt being ploesssed) Bash elementall neutohdmay be an
0 Félﬁ\%etn’?{flarﬂélﬂon ¥ a b OhEREL 2R iARE Bﬁinpn{e%ggéréaga froTR B2 ar group
el"énental’ ‘neuron nay be an “equi val ent a nheuron
acensisting ot [fesensor DeUreh 2 MOt aeuIor, cann ptracertisak Beuren end an
t Pfer@nRdPneRronO Mhd ﬁﬁdnﬂﬁhdﬁfrepl%s&ﬁ&ﬁw a heLtbR thay eRérRdry, and

tical neuron and an intercortical

nﬁ‘\ﬁ:pg‘?rﬁ]’ess'flqé"?yﬁ’ﬁicor?q?fr?xPrSf)‘T"%%ent ed by a neuron may be

nmenory, and the processing may be | earning or

S*ﬂé Raralit) Br neI% agjsdéfaﬂbﬁst r)‘aypﬂe Féﬁ#é%&ﬁeﬁﬁ S QHairiy 8'@%eﬂ5?¥eural

represente in a{ﬂ? gy deeper neural
| leyels-sThemymber pfigypls i the 8\9@" qf H%H‘?é'%‘f'%ﬁ“ﬁ‘( bg ?Pt?ff“'"ed by the
degprerof ey slesoryayr fattentelbebreriproeesshby ot legpresset,ewherofa mnbreory

n%antQ b Bty b elbRelts ﬂuf&ﬁsw Ol?'ﬁbﬁ‘? PR ndAHsGand

represents a ement al neurons.
Tﬁ'é’cﬁl!ﬁlﬁé‘n'm’dﬁ re@f'r@ﬁmea'le% EF?"o’H%’"%[M nay &p deiermiped by the nature
netth&memoy dpibe rocessed. epr esent the nenory nay be
determined by the nature of the nmenory to be
processed. 15 In accordance with a third aspect there -
i i proprdpRredvith i AsPerd (5P 1is PEaided & neyrah netypiy %’I"IPE'?"Q a
O pluraiitylobneurdrisikiesd Hy\assctationsa tall essdeiatitnk otusesiconis &t @ &nel odthe

nﬁwrﬁl'?étﬁgfk thlat |setﬁ§Lan§g org{a@perrﬂ:@ able RAe ‘;@Eﬁséégo is the

sane or deeper being able to expre A fourth
aspect provides a neural network conprising a
plubartt aspect§ providis can Beuralatdtwork eomprisingea Iplyraliepofesatirdng deach

bXetﬁo#’ﬂHnr&;urgﬁJrgsde“{e%%g Q%ﬁr:@g&?reésgﬁl@ﬂoc?er ih & arr .f ifth

aspec es a nheural network conprising a
plurallty of neurons, each neuron being represented
i A fitth aspebt prévideg ahgural reivigrk eompridngiaphaslinadfmayrons] Bach neuron

being represented in its entirety by a single node in an array.

A sixth aspect is a neural network comprising a plurality of nodes in an array, each
node in the array comprising pointers. Each pointer is a data element of the node that
represents a unique address of a specific node in the array, each address representing
a neuron of a pIUraIity of neurons. Each pointer represents a synaptic connection.

A seventh aspect there is provided a neural network comprising a plurality of neurons
in an array, there being pointers in each node of the array for providing expression and
for leaming of memories.
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A sixth aspect is a neural network conprising a
plurality of nodes in an array, each node in the
array conprising pointers. Each pointer is a data

el enent of the node that represents a uni que address
of a specific node in the array, each address
representing a neuron of a plurality of neurons. Each
poi nter represents a synaptix connection. 30 A seventh
aspect there is provided a neural network conprising a

p |ALHeﬁJJIhﬁré¢e Qépeﬁﬁﬂé\ﬁ&éﬁ a neliraPrishidrk &ynpn*srh@é ﬁlu@tyﬂﬂ neurons, each

CRPITE B R Y| 5 oo e A e Hving & phrlty o
penivlets, radhepairseras teagy padedeying ansnecific and: unigwek function.  Except
C QB! 5 ormeéanaell ry,sreéégr e Yhiud SHLPESMerRA SimullS K 1RE elBRbRS or

represente In an array, each node havin

plFant levelinpurges, eﬁ‘iﬂ Rpintgrcontaing gn gdr ?ﬁsé’rf another fiepropy ke Rumber
har/pmgte.a reRERd fhdy adpénd hghe findtiosi being fedoepdd byviher weueal
f E&E}y lﬂgl rf’e%%rk Epgﬁor}ﬁ?'!gulgarﬂ%? aﬁ“ev gﬁ.’é@a&r‘ unctrons the

str us 1n neur on
eaeranr@f Wﬂ"é?fs oeﬁrieéwriléae@hleaﬂmss of anot her neur on
The nunber of pointers required may depend on the

f tions bein erf d r al Fo
D PeePrLin i el LA el g B e4Rlet y Hoce
f ghdftei same sizédn trrﬂmtrey reresenlingt @pspltrreléﬁ@rﬂ wror\s beachtnode
| %@rﬁﬁrnrfw?’é‘fmedlrgmb&oﬁBérﬁter@anner each neuron in the

pl urali neurons may be represented by a node of
the sane size in the array representing the plurality
oNodesuinoars arraya osedntodepresen treimens gnay  dlox axdintainriadditiapal data
p%renreﬁrs %me'r\ka%ﬁspornrbr@ Rorbiiri) 10496 @hsrectéreﬁrse&eéach rreurbe "Sata

SO mai ntain |t|og Jf rrentsgh
t § H‘E’%rw@ﬁé’eﬁ%ﬁdﬁarf‘?ﬂ’#&"‘t‘ f’ﬁ‘é"’EWa? are%r'rtg?'r%g 8?“°“ the
e atréngthend itoassodiations, apd enlerit.s may be defined to
represent the frequency of each neuron's activation,
strength of it ssoci ations, and so f
SRS AR A SRR o GRS RERG Jpeir Sampiing 2
rrednmnermmmm eide gordigur2g tacaapFaeneror MOTeRTeaesetie execute one or

C%iéﬂh&us&tbgemsﬁe A&Rode!deSBRb& HoREESSOr s to execute
one or nore functions to performthe nethods

descri bed above. In a final aspect there is provided a
néua &hal mqtemjlhkremh proeided & heuralanetvark whereinithe megirddinetwork is bi-

di 'drr&%.!.a@ is 8mfbiddso 85@&5 6k foRvaPP GiFcRiich Wieréinddas WY dérived or

direction ere nodes are derived or
created from input, and in a reverse direction where input is derived from nodes. The

forward direction is learning and the reverse direction is expression.

The neural network may be used for one or more of. monitoring and predicting stock
price movements, Internet surveillance, Internet security, computer virus and spam
detection, data compression, phrase recognition in speech and text, clauses in speech
and text, plagiarism detection, bioinformatics, vision recognition, semantic analysis and

representation of ontologies, and robotics.
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25 created frominput, and in a reverse direction
where input is derived fromnodes. The forward
direction is learning and the reverse direction is
expression. The neural network nmay be used for one or
nore of: nonitoring and predicting stock price
nmovenents, Internet surveillance, Internet security,
computer virus and spam 306detection, data
conpression, phrase recognition in speech and text,
CbAsIREcriplion ot BeDrawimgé ext , pl agi ari sm det ecti on,

bi oi nformatics, vision recognition, semantic analysis
and representation of ontol ogies, and robotics. 6
Binioeder fhattbe inperitiom may be readilprundprsiged and put it pradiigal effepbthere
| EhAR b 99 dQ&Y bébeoyr \ﬁéyjdf In¥n- A0S ERAPDIAGHY H'errrb@ Eﬂbodlments

practical effect there shall now be descrlrl‘g
o?f the, ﬁteﬁ?'m"?vaﬂwetf@x%eﬁmpao'b Reigo With FrPRce
Silgstrafivie@rawirggémhiemvent i on, the description being mnth
r ' lve draw ngs
EB@%?Qﬁﬁuﬁﬁmﬁpg ﬂﬂ*1ﬁﬂ2??g?gﬁﬁ o% an exi sting
nE'Qll"a R 'SrﬂefPW@ﬁf N'Uﬁtqhﬁt?f@f‘ @xistingjngyralnedwarlg StyICRYR: t her
| Fibkts 19 Bt drD Mustiatién o %h kistihg rRRtGr3hip NtweBhkiwat eufdinia8d a
F@ﬁure 3 is an illustration of an existing
|bnsh|p bet ween two neurons and a 10 synapse;

FFigure & istan glusiretipn ptibe relatioashinberyern thisp epons Apqerding to the
bﬁgygﬁﬁnvetnmree neurons accor ding to the present

ven chart . of he process

¢ PP 8= ey st oEine mofesd vy b aiis Beig 1

i Fibure 6 iscan ikustration ftbe reldtignshiprbstyiegn beurorseandrpeintesiinksind

PAbE ¢5s4n |Hd§lf§tnon oﬂé?é:dﬂ'lk':l& of (Ezvehtt§ t@ifhdﬂﬁe@é%&cﬁnbﬁ n FOf a

sequenc o illustrate association i gure
Sg‘é'e 'Srﬁfgwﬁ’ﬁg?ﬂ'ﬁ\ﬂé?a"t'w "PES¥ni ng process; Figur g 9

| Bigure B iscafiopchatt for the matehingwrask$shg process; Figure 10 is

aFBur@% %Qﬁ'fo@v ch& fof érBatin| ﬁ&n&%ﬁuﬁﬁb&hd Ié%l'rﬂ@; préesd; @ad Ni ng
Loce of the process

9”’%3&5@3@]”&5”%%%%@?‘:%%’ %rﬁggg ?th 5ti°GF of Preferred
Enbodlnents According to a preferred aspect the
PHhésthiption é1\FR&veired EMbOYIm@As neural networks, and a

According to a preferred aspect the present invention provides neural networks, and a
method for constructing such neural networks via neuron associations, that are based
on characteristics that include at least one of temporal, spatial, intensity, magnitude,
and relative position, for the formation of memories, that consist of one or both of either
input stimuli (represented by elemental neurons) or output actions (represented by

elemental neurons) in a natural manner.

It also provides for either or both of memory recollection and memory expression of
one or more of the memories represented by structural neurons, which represent
multiple elemental stimuli. The neural network allows for the potential expression of
new actions or ideas other than what it has learnt and in such a manner may exhibit

creativity. Input stimuli may include one or more of. audio, visual, tactile, and so forth.
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met hod for constructing such neural networks via
neuron associ ations, that are based 25 on
characteristics that include at |east one of tenporal,
spatial, intensity, magnitude, and rel ative position,
for the formation of nenories, that consist of one or
both of either input stinmuli (represented by
el enental neurons) or output? actions (represented by
el emental neurons) in a natural manner. 30 It also
pmwiaﬁmi' %ayemddae lon® br meﬁefbf%omréﬁf Ynoli®; SpdeRf ! drids03bxéh,
eSS|on of nore of the nmenories
r@%?%%ﬂ RRALY 3pRr %W%ﬁ%?Tﬁ@ﬁ"?wRW%ns whi ch represent
mul tiple elenental stimli. The neural network allows

|sﬁn|a e@rgf ﬁfvdﬂ?g aré Eﬁ’geﬁ on 't%s%m;gl&ﬁ%a@%r‘chﬁ&ﬁg Ecﬂvgﬁﬁastwo

| earnt an
eﬁ?H"EﬂSt ("eltf?'@aﬁ aoq P&C'eﬁtﬁﬁ ap astivefyraptiggonnesiion lhgbvesn dhesy °r
Meehgbhs edistih® synapticldhnectiie! iTh, is alétraAed ih Figufe 3 Where there

nul i | ude one or nore of: novenent,
%{eﬁ\gé]neui%nggn 0"6%8}:‘3% forth, each defined by

appropriate el emental neurons. Existing neural
NALoRAngly & Snebﬁﬁﬁs@t Gﬂtﬁehﬁeéb‘hﬁ GBAtioRN sﬁrméu Q}CaHiivaBAg [two
activatin ﬂ g) euronstB gﬁ? §%$%L3§.%n
aB?H’?/E“’g?%é{S‘P FES°8'8 Nt eSH 8}%%'}? heh + the associaling
s peusory tThisrisillestiatet infgowy 4 wpere dhese ana dred newgons Fihi 42 and 43 and
gb&ﬁ&e g@ﬁ:tabdﬁ 45, %E%ﬁeﬁ@ﬁé &his %ﬁﬁ@neﬁl gtnﬁdfd?e WﬁH{e%ﬁed a
ORI IR | BIFOSLE s SheGar. Revobnt. 4 AU ey be
nmmated dogettior basatl as Pomdnadl | chardotetisties; nintlixding at deast one of
%B:%f Péliar %té}féw Qﬁhgnﬁd?i@ dhd %9915\étﬂogﬂon ”ﬁﬁﬁr&ﬁ‘wml Be kiSa

Iustra ed in %ure wher e ere ree neurons
ieepﬂfz'e‘é%ﬁ Within “Erﬂf ral figiciya, haa QQ‘“LP& "3?{8“34“51 4% Neurons 41,42
coay beincthe same fevel, biaway be inuditidrers levelstafitte neutdl singcture. The

Caéﬂlrlﬁfgrl lg\éetl of'g %E&Bﬁ‘lm Q%&ﬁ‘fﬁbrlléfwork %MQ %‘Bas%&" lofi the number of
Bl s iebe B SBReud nsiiops Mgt HeP e act er i sti cs,

i ncluding at | east one of 15- tenporal, spatial,

' ﬁeeﬁ&HI ¥iructlif® Bdnt\ﬂi'ﬂé‘s ﬁéﬁ%n& e\}llﬁatré ¥§chﬂ%§i’o‘1 'r&fr‘eseh@%r R8m6H of

be at a er |evel h]g_l he neur al structure
tFPé"h BT Wecﬁeﬁﬂ“&ﬁ‘gs g actigns. ﬁr"%ﬂ‘?s T jjorpation, tapregented, by
t éech SEo®n| @nelary, @nd ri; defEpdent ahi thé eslamentd! eearbss «rbpr’eksmtmg
ng‘éﬁrs@]" al rr%uroﬂ_t%%mulgefmnhwﬂkh ﬁé’ﬁéur fne %r&{ﬁ .

Jol \Wich

neur al net WC)T(LJ structure |Is base on nu
sEepentalstmpl /g oply repkgseaed '"tth%e'é'l"éfﬁé'ﬁle%"%@a'f‘@fﬁ?d ?hta? root

i levele of avenyt seurdl Onetwork structure. Deeper or subsequent level neurons
(structural neurons) only represent the association of other neurons and do not in

themselves store sensor, motor or elemental stimulus values.

Each neuron in the neural structure may represent the association of only two neurons,
one an initiating neuron and the other an associated neuron, although each neuron
may participate as an initiating neuron and/or as an associated neuron in an unlimited
number of associations, via associating neurons. An initiating neuron 41 can have any
number of successor neurons such as neuron 43, where a successor neuron to neuron
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The neural structure conprises neurons, where each
neuron represents a nenory of data, events, objects,
concepts or actions. The type of infornmation
represented by each neuron can vary, and is dependent
on the el enental neurons (representing sensor and/or
nmotor neuron stinuli) fromwhich the neural network is
constructed. 25 Elenental sinuli are only represented
in the elemental neurons maintai ned at the root

I ag@ 5a§sﬁcualmg rrmrme (43) than @bsvaeors 81 bs fts! inftiatidgesguesn. oAnother
ubseq eve I

- BBT L P e S ey BpredsBLarfEbh e wnbS s Hetion o
i neuromma asegcl@m neurar (ASh that hen rAUrahr42casdiseassegiated neuron.

S Sl hédfonVa3l e Se refanrclF-ds AHPAsE60tg néuiéh, BEaIERLessor neuron to
structure nay Eresent t he ass$C|at|on of only two

nBSHHY, °’al§r?e°'%ﬁ? RN P AGURBETon and the other an
associ ated neuron, although each neuron may

D308 LR 65, 80 & 4 Bhia BERA0R, el g e
a3rheneais jap associated YR ASSYRIRY MeWPR 44 is ke inifiating Jeprqg and
N@iuk GlRurdd 42213 thaVisatifed REUTHE witdh seuestestds aniuatednar fires

S %EQTQ@ DENLR s %%o em%de Aét@%sgaggsm s, 7 i3 quet B 41

a assoCi néur on as neuron
afiring: reuran; 43 ist aq@gat% Gf dres andorlFR P°teW@Eﬁso?Fsﬁ%tE‘Srf‘eH5’0e43

aNBuron ﬁ?%ﬁhéﬁfcoﬂidé?dzj;diﬁhtéiﬁ Uf 18 Sssolilifig Giedrod 8 G/AS BEH existent
n an.t o ron S a a C

h Z@'ﬂf%ﬁ‘?'&?’“ﬁ Do nfx{r%n %sssg%%ti he dm? étln:& %ed}gﬁjﬁrﬁ&a(tﬂé gss‘baﬁgd
4 ewremdZighendt ie cregigd and msy he “@9 soiivated, qiprwiee it @rpnlvO@d'@ted
SYRé ‘ﬁﬁ)‘iitﬁfal REHERIH éroﬁrﬁignﬁuﬁéworélﬂt ahd @8 c%gwseﬁ'nﬁsédﬂﬁatlon of
neuron,.to neu | atl on . lsS

c R elye0 5, od e crion &F RV Retpfe, &Y 1 e o
amdsting synaptigepnaedions, hewgem aayrens 41A343 aRyl PRANANS f24and; 43-
t Re hé!io&lhtﬁ!blﬁéGroﬁetGerﬁies'ﬁﬁfi thé Bum dhavhaDl I€eenti fi:‘on'f:j e other two
assocl ate e r I
o4 A A el i te e 48 it AR Gimtipton
s ahthe expetiengs of the tvwb%qme?ﬂ ofteyermiy @rwm of pyanisriid so forth.
NOHEDH adsdcibfingdieiiion 3 @&wﬁt&d i treste@ RelrepleSént RQiceidd MEMGrY or

g%?q%\gfaﬁtg Igggrfa? ﬁ{éhugrr}]l gggve& sar}eed 4 3% be%ecreat ﬂg Qnocfl%r? ﬁétﬂgﬁ ed

I'Ng neur o
existent (that is there existed no neuron aSSOC|at|ng

t I?ﬁe béHnkibR ot Preximfy! Bpﬁroﬂ!ﬂnaﬁ&ﬂlv&tlbﬂ o'ﬂ%ﬁl‘ig?wmt&dset |B9 UeDfules of

hen act I vat ed

ophE d foch melalppeatis | raRly C5e) Y VB et Rtn & tevel, and
aa""’mte"’ejﬂ and friayivay etcording @mshe41ypan@‘ elQm@ra@lse@rqrh@emg

fépkeéaﬁté@ "Ndefons atso%esérwe@gv.mmmu@ne@m amsssqvkaw iy
active connectijon EPthehl ng ?

close proximity, thus it is llkely that AP wnl! mcrease represehts time or temporal
events AP may be as short as zero, milliseconds or seconds, or as long as minutes,
hours, days or weeks. Events that occur simultaneously in the real world may still be
represented temporally based on differences in synaptic activation or firing times or the
length of dendritic firing paths. It may also vary according to the processing

requirements of the memories or events being represented by the neural structure. AP
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exi sting synaptic connections, between neurons 41 and
43 and neurons 42 and 43. The associ ati ng neuron 43
represents the sumof what is learnt fromthe other
two neurons 41, 42. This sum may include one or nore
of a nmenory trace, a conbination 20 of the experience
of the two, a sequence of events, a proximty of
events and so forth. Once & associating neuron is
activated or created to represent a desired nenory or

eMmaphiso rebiégerﬁi Gﬁtléﬁdlam%twe@ﬁ oﬁwﬁl&rfevaﬂe dnmﬁnfdlsb represent
nition o

pﬁ@)’(‘?pmt ogical § Pat'ﬁprSI?F p%l% niey/rg{nﬁ 'Bﬁh ;L?gn iring will be set

by the ruI es of 25 operation for each neural network.
PA‘% g« aﬁ@or)jmg'Wthé( El%é’en?ﬁl(/éﬁﬁﬁn ébnklgt\": QF two?iﬁﬁtc eleMERS:S

eve accordin

eFenenE'ﬁWeW%'LﬂeHFPnﬁe‘l‘"Hﬂ" C%EP ‘W’é'ﬁte?ﬂ‘e"ﬁisgﬁ?'ﬂtﬂ' Sefisor e fpalPr
I evel Snét\kdnbl $Ueh elemeradl dutd \woTrequiree dredasiréd. KBleye tate liee

: ner e a gmerﬁ?rloti mo{ %eu%@?ron‘nt wh|§h ld 'ﬁgdrgl L{ﬂg{:rkp@ Wnlstl‘ucted.

P Tepresents rr(gq’ _events AP
may beDiferetiynes oa@erzeﬂe HGWPT’? mgsewlﬁage epgpiingRsthe fype of
as | ongxpafiendd Mdt &ents 36 ihfbﬂﬁéhon dRing Rpres&Réds. Fovaxample if

t hat . g%ﬁ%éﬁbg& %2%%@ %{orfe {hgeelgrﬁgrl I\Aﬁédrgns”%ulﬁt bé Ifor

be ased erences

synapt reoreaemng/mwwnder i 5‘*?’?‘@*&’ n%@swawwrporaéﬁgﬂwnw of

?ﬁn dri Giéredt! tyhdddoP dlehiental h?m‘&‘)é &lcﬁoa&*( b1y exdirpds, doridgsét ?or
e processi.n rement s .of

bei ng W@ﬁ?ﬁ'@%f%s %9”%@ 'ﬁ ﬁﬂlof TF ug‘f; EPO'drﬁeZ'F?%g aﬁb’tﬁ& i

al so r fepregeerting thatfiealencye¢fahd soHrd- bet ween obj ect s or '

events and can al so represent t he topol ogi cal spati al
rel ati gnshi ps. of n

net wor [t ’%Pé‘é?&?tﬂ"ﬂrf‘g‘eﬁ ? ep{;‘g'?e'my '?%3 3%‘? %e"&eé‘ﬁaé rgns fpr
t wo batsste apd anmther set i&5 olfactary sensing.al neur ons, Wwhi ch can
r epr esent elenental stinuli, sensor or notor neurons

or such el enment al ta red or desired. T
are t hi® vVigen nﬁ@l‘ﬂ g,ay sfe o g "8% P8R m%%epcrﬁsem E‘gué%'
net wor konies, rads; sdgesceanttast, Mpvefnenteand so/iodk, agfreprpeamied tby|the

neur oNgayich defts, dr{deBRchiy RRBHEENEhE BrdtdtBcdpitP Reudbns.
experi énce or events or information being represented.

For exanple if 10 representing the auditory cortex the
el enenFalskinaeneptoss thengl rokydee dlemental apurerscearieprpnding td igugh —

sounds peflaRoetdpfr MRGiohe ﬁémﬁ&!tuien-c el fl‘&dépﬁr HU&E’I"&%F pai —

different types of el emept eur ons suc
exanpl é°°"i9Ht8P agyronsy and ?‘bﬁf‘ﬁ SM{;]{PP iFg" §8 T’ﬂfesgﬂép &Y %er various
i Nt ens typygs afinotdn eewgonsatbiatindotameyemeaind anot her set

When a sensory neuron is activated or fires, it communicates to different areas
of the brain via synapses or nerve cells that a certain form of energy from a
specific cell or sensory organ at a specific location has been received. All
sensory neurons have similar central processing mechanisms. When a motor
neuron is activated or fired in the brain it induces muscle contraction at a
specific location in the body thus producing movement. When a sensory
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for representing the frequency of the sound. 15 If
representing snell and taste there may be a set of

el emental neurons for taste and another set for

ol factory sensing. In vision there may be sets of

el enental neurons to represent the colour 20 cones,
rods, edges, contrast, novenent, and so forth, as
represented by the gangliol cells, or specifically to
represent the photoreceptor neurons. For skin

r ecept Qi fonldafic afBVerl R p&lsBSHB bata 18\ HE bRIAPWIDE k RPBSA5
to touch - nEChanoreceptor neur ons,; tenperature -

t her mot"? BRIFHGHEHAYFYIFs: pain - 25 noci ceptor neurons;

and so forth. Mdtion can be represented by the various

types BlindlPRine H&PR&{F&J@%&&BM %%frﬁ@&vﬁgﬁ%%}éhhﬁghgﬁgsme

sensory neuron I s I res
to di fresrasRiuchire ipsproesss Enlishiaftng o6t0! Sjamentab Beusens Taay ke

cel |l Sfdd‘ﬁﬁéd tlalréiﬁé’sbﬁt' the Aipriabbttf chﬁﬁﬁlt%&Yanfi rle‘%h}fhtroﬁQ‘raracters For
Speci e or sensor an a e | .C

as. bebh SPe Gayatssmenil 3R ork sofg 18 HelnedTer 6f Fihece
cent r atharactet ©f 8 iswpehtbereain if sisipg thafreurad stmstuse to meses® protein

act i Vaée%éen@és fithe BIGmbﬁialt rﬁb%roh& %d@/ bd défney @c?ﬁapFBééﬁt' tﬁe twenty
contraction ocatlonlnthebd

t a
pr oducdge eﬂ’eﬁ‘l‘Ps&/&'@i@ DE ARSSFY diffprent mgtop Re %'IséETysbe
an eveddfined to[pasines drfférentdmtsaularocmhmbnsareaumdgen ghe prodigtion

pr ocesoﬁgﬁhnrdgco,;eggo,mn@rdﬂpﬁn ;gfg ture. Artificial

el ement neurons may al so |ne For exanple, if
using the 5 neural structure to process Engl i sh text,
a set Eémeite meurbed camcher ioitistingeyd Resocideddi neatbné but cannot be a

represa%g(gmgnningjr&habetl c characters and punctuation
characters he Chi nese | anguage, el enent al

neurons could be defined for each Chi nese character,
or a sbsetSttumerat afeuroh$ reygesegtind)¢hen@evral swdctunet Tiee nbaral

proc ess%'uﬁﬁr@t & Nustr3RAUR r}-_q 4t s se&eﬁ&rﬁJns R rr@@'éséﬁmfhe

be defined to represent 1he twent am no acl
subset3SSeqRlPR 5 | Othes  NRUKNS, H’hetBP'f e?ﬂe SROSYT MRS, fROtor
may beeunbes,i anathet stnmtwalueerans.f fie thés manbs debiat structures can

cont rad;(;w ‘?éb?esreﬁtﬁﬁlrﬁdré‘gnd orb BforREpuct i on  of sounds

corresponding t honemes, and so forth.

Structural neurons can also be used to form associations between structural
neurons representing different sets of elemental neurons. For example, an
association may be formed between the English word “ball” represented by an
association of alphabetic elemental neurons, with the shape “ball” represented
by an association of visual elemental neurons. In this manner it is possible to
build neural networks which allow the association of information across
different coriexes or across different neural networks. Another association
between the shape "ball” may exist with the spoken word “ball” represented by
an association of motor neurons to enable phoneme neurons to produce the
sound “ball”.
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El emental neurons can be initiating and associ at ed
neurons but cannot be a 15 associating neuron. 2.
Structural neurons representing the neural structure..
The neural structure as illustrated in Figure 4

consi sts of neurons that represent the association of
ot her neurons, whether they are sensor neurons, notor
20 neurons, or other structdtal neurons. In this
manner neural structures can (grow, representing nore

and moiggyétivhiO mdBrohs nare S&srsua&tua alyitH) EdAER N&h&ra BN a{hso b&@s of
used to form som(g ns bet ween structural.

r epr es SHPATISHY e el Pl o RIS MREUIIGH SN pstive
exanpl Ppsition. leGprasmmg' apdeolm withythé @etirel stegitulee tthee @ssotiations

Engl i S%iﬁﬁrtﬁa Pé"t& ?Jrﬁmaﬁﬁgnpte%sé}ﬁi q‘%@%&%&t %fofhoﬂémes

al phabeti1 c el enent neur ons he shape
r epr es BRIEPIIISES, £IRUSESs NG TPt UsRd i paYessing F%ﬁ?é’f‘rt Likewise, if
neur on @rocéé%mb hest dreesdiig atbdok e prickdsihgtdl indNiduafl characters

neur al [ (0] '
i nf or nﬁ'fo gﬁgg}é?%ﬁ@o%aﬂrérggmﬁ%g e‘gtgg?ghrgge_sr Iggl'sses’_ and so
di f f er éth. neuMany mewroRy NS . thﬂn'@fﬁheareagﬁecprs@m%ﬁ# Spatially or
bet \é\eegb Ib %uch*?'tlgose ?ﬁ)hslbiﬁ' Hearivg, iotbcﬁ Bﬁnsdhﬂlsslfbrth As
word "ba ent e assocl.ati o}

neur on8'Polte a’g‘ﬂsﬁ' Bh%n‘é‘??g%f% ﬁ‘i F%gﬂ% ref’rl’?gerg spatial
sound bhmadténansl ForSexample, ria | formingr @m;urar strugh e cepreseiting a
Wi t Ih S@E&bl QbdH, thﬂ’oﬁshﬁ‘epR@m Q:fd e§b|a{|r%§td?rdu%% ©f objects or
i ncl udi n ora en3| ni

L oF bt 1 bR b bcodRad i & opiter e qighental
neur al neuronsctepreeentmm@lxatssiobl lines @on curves bhsbdben ofoxmnrty near

t enpor ab,ea@w far o6, &5 Righ bﬁ,act.t, Wih RABHRRESIAS building a three
phonenes, tg‘brases cl auses, ahd so forth,

used |H'"@Ri’!?’?§§‘?h@f FWEPPMetkewi se, if processing

text or reading a book the processing of individual

char acfy same\Rtrdl sARupd céh heiaea rt@ I'epFé@EM rlrﬁorhiﬂhdnqh Afly BiPthe

the words, phrases | auses,
neur ong’ufﬁ’fmFP%mﬁr"gﬁ'}‘?gHY @%F?B‘%’P%am sed spatl aI I y or

t opographi cal Iy, such as those for vision, hearing,

touch, ARghdve, AEChap d Jaﬁfiﬂa{;reé&,téooby%@guémear& sﬂ@&&fhbhﬁ be

to construct neur str resent s
char acBEPPEER OBt 1re,sPOSRA AT “orih PRIPRRRG & Adgapal deural

st r uct stnetureepr esent [ ng a

A structural neuron is a associating neuron. It can also be one or both of an
initiating neuron and an associated neuron.

The combination of elemental neurons at the root levels of association within the
neural structure allows for the creation of structural neurons that represent particular
elemental features or characteristics within a cortex (neuronal assemblies). The neural
structure allows for the representation of feature combinations by dynamic association
within the neural structure. Neural activity in the neocortex that is evoked by sensory
neurons is always distributed in the brain to different areas. In sensory systems,
different areas of the brain can  process  different  aspects
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vi sual scene, neurons representing edges or |ines or
curves or objects or patterns nay be associated into
a neural structure that associ ates el enmental neurons
representing pixels into lines or curves based on
proximty, near 15 objects with far objects, or high
objects with | ow objects, thus building athree

di mensi onal map of the envitdnnent. The sanme neura
structure can be used to represent information in any

Oispmeﬂpeﬁvm@hgi@mﬁbmae/%ﬂtw ssisntam) SMAS SarAd %ptm SFnuli2Ghe

bove, the shap %ﬂesent ed b}/ ati al
né[?P%ﬁeds'EerutPétﬁIF“e'”’e ?HQVS bf8' "H@saé Aiedd! \aetasiations g’bGWQh to
Weepebseiitadohérent apneepi/peredptl \and tiabavﬁnur.abeemm HeMels of association
S tyre a [
oL 16 Ppedl Gnhts Siith Lol ARl SoddoBRcHRE ] bl ror the
neapresantation obincreasinglyicamplgx inErmalien OTP@‘aE'@Wbl nati on of
elenental neurons at the root |evels of association

ithin the . neural truct re allo for.the creatio
oNeWPRS, TR, B OFEETIPehs SRTRIES ; € PRTEH COpIg do thp yggtons.
eblmmwlallcsf B&lerwr@rawhﬂr toether N@mr@smw alsp rbeadefived dor a
E&‘rﬁ'&ﬁﬂ? Sk W%Ateoﬁaaensl;h SnAEbY %e Sdidtateb, Wpacal Ibryis nbrht,

resentation of feature conbinations by dyham ¢
aB'?Bc lifuge, or v gifren definablg bprafterisic-uct ure. Neur al

act|V|ty in the neocortex that is evoked by sensory

d F:ﬂ r#aﬁg@lk%ﬁns%nsgw Ridt Gsdirdrid rﬁé}ebebﬁlﬁérgnﬁa’féd accordmg to

I'n sensory systens, ferent_area
othel Helalbtea P iies prYERLS. BPFdy éﬁ?'ea&fﬁaiq'@u@ This relaiive
( pexitiohing istrepraentad by aP.ensi t y/ magni tude/rel ati ve
position) of the same input stimuli. The proposed
neural structure allows for intra-areal neural
aShebasin Yneprdyinarpammetar feronstaistingss ARurd SRYORNS that for any two
Cactive pé1sérseY relafetiso Bibyl rdisive position thédeeyists a thind @kgronC that has
AgsHAELdhd A8 Sy f,é}' 10 bbREnefont & ar§i|t Ifi U(Fftéé[:l? a(rlemoﬁ z'l'loesnt exist

cortico-cort associ at 1 ons
r 5P &4 pessibledn cEets $Heh @SUERR) ddﬁrfﬁrré%?"‘?"ﬁf B'?%f?fed}?"fs’f' c
b assasiatesi neurdds U and B togsthdyenaintajeing theid relativa pasitione dh and B may

| gé“:i:{ﬂn 85 G0 FivE %o 5.9 J!on@'u ud UPEJnE&!ﬁﬁve wma{h@ﬁtrasﬁv%t poSiions.

nat ur e, Neur ons
d EPareferg rewon £ caaa%smcaﬁ a@v tH’PrPéH’é’P%ﬁ anﬁrﬁa‘{y'hlen FRRIRSERY Fvents
Najiethe the RBents] et @naBTent mactiguols reghdecutive, gdrt-contiguous, non-

consecutive or overlapping.

The logic of the association is that for any two active neurons A and B that are
activated or fire, one of them will be an initiating neuron. The third neuron C will
associate the initiating neuron with the second neuron preserving their order of
activation or firing. As such, neuron C represents the combined events of the initiating
neural event followed by the second neural event. This new neuron C can
subsequently participate in combining with other neurons (thus creating. new

associations), and so forth.
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10 pitch, anplitude, or any other definable
characteristic. Wthin its particul ar di nension, any
two neurons may be differentiated according to their
relative or related occurrence, position, scale or
magni tude. This relative positioning is represented
by AP. 15 The basic underlying paraneter for
constructing a neural netwodk is that for any two
active neurons Arelated to B by relative position

t RBE DaliX infib Sfor"J‘crE:ﬁi'n§ Ghel¥EnbuRAs Gs Rt Relvon RO RGNS fired,
via syna neur a_neuron

A and, B. Lf
G ecHrent B ot olkuag by PP B bR B sr Mo en & T mebneH c
Nesn ba camstructed acd possiblyl astigated befirefl oreprasening rllheca®©ma1mn of
h
3PN S B obyllyPyf ARG o B f A  Mn

@lreﬁs'y e¥ists 1dug @ba Prigyrever) g @ém% tie® RevoR ﬁ:e?an" '\k%w'a% Pe -
p%&ﬁvﬁie@ BAd fired,"HB6WIhPR @ FPitipate it sGiRRq@sHS Bxisting @r Aew adtivations,

0 2 paRT oSrP it asSSOABRE This BHGRS for e 2BHEEch 4P neura

uous, consecu
nmammkavvmgemum-mnemwmt@m e%ﬂg’FlFWS@ﬂd/QVGPPQIEDPﬁg 25
The logic of the association is that for any two
active neurons A and B fhat are. activat

oAelyEnatTepreng B8 Bae P for Bering Shaan BTl rfrort b Shown i
nérigucens. Chisi préferacommplet shows thei processing sigphangd appliodtipn of the
t RodSIRG IRt e L impé §e°q%?{derb@ olbhBithl NEMIET  Of

activation or “firing. h, neuron C represents the
conbi ned events of the | n| t| ating 30 neural event
f oh Figwe g, thy néural neodid arayureplesentiegithe neliakneteartk isdnitialined:at

C&y. Afsd é‘ﬁﬁ%grtéaié B9'of dedch BRhRntalhekifIAlE Bdred Wid hayid8kted

neur ons cre t| ng new associati onsi{W ?ﬁ"f?
f &9»195 exapple, ¥gxh Visiqn pitchy ‘tﬂ"lé" fegge. SPgy YOI &Rften BACtoRGSoNEng.
t h:albun dones; rods pdinj sondrasti mavemenbrmisculed movereent Lganglion cells,

‘1&0[@5 ré&é lt&%dmgéﬁaﬂ&%éﬁfbr@ tEHRpPSurdC tHeMRd-REepidr, hodic@ptor,

ew neur on can be, con tru ted and possibly
ad‘?qt'%faé‘ﬂu"@? ?"F‘?ﬁ'&’s |eers. Oy AMFORE associ ati on of

neurons A and B (i.e. the association of events AB in

U i7E oRherBiFeGrhons &b tHER ‘d[eﬁfédﬁro@rﬂrﬁéﬁﬂ%ﬁt 39‘525 tTﬁe q&@ﬁl&rpis hen

prior event or assoclatlon
Digekag: dogs e, AR 1P TRy BBy T S AR b &0
i Nersesasted tue mhcheddfisdd tapp ofrdefimad elenbentad newnis, all elemental neurons

must be created, and are attached as a list of successor neurons to the root neuron,
the root neuron being represented by node zero in the array representing the neural
network. If the answer to the query is no, a new elemental neuron is created (54) and
the process returns to (52). If yes, the process continues to 55. Here, the rules to
associate neurons is defined. Alternatively, new elemental neurons may be defined as
and when they occur during the learning process.

The first, or next initiating, neuron is then found (56). This is designated neuron A.
The subsequent neuron (neuron B) is then found (57). If an association of neuron A
and neuron B already exists (58), the process reverts back to 56. if not, a neuron C is
created as representing the association or combination of neuron A and neuron B (59)
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thereby allowing it to form new associ ations. This
allows for the construction of neural networks with
an unlimted nunbers of associations and/or

relati onships. 10 A flowhart representing the basic
flow for creating a new neural network is shown in
Figure 5. This preferred exanple shows the processing
steps and application of tha4 nodel for processing a
si npl e sequence of elenental events. In Figure 5, the
n Qhﬁ b E%Eé@ﬁé\}%r@ rb?@(r 16 8§ Ne%FUn@@a{?ltBer}gfeﬁg@mQﬁWsadrocess as the
network is initralized at 15 50. At type or
c §59g8Y¥"d "§HroBach, el enental neuron is defl ned and may
be related to, for exanple, text, vision pitch,

r d - t (o) nsin
nggrléra lgo ng@v cl?aglgé"’gw%ég hldgg%et% Iaéf s?eps% tg%rg c{f*lqilrﬁe § l-%re
nﬂ%ﬁemcesglam oiri learnipg | i$ f anp hmeﬂweelfsp@ﬁ@teﬂt bm,ahpaﬁem or
NB&anteof BIeRbREIHeulol Bt Ur e, therno-receptor,
noci ceptor, notion, |anguage, characters, letters,
wor ds, and so forth. 20 The el enental neurons are then
d &f stepe8ll, theosyesirpointiriisigat to the fitsR elefientalevesttin the eventtpatiern or
a§&ﬁgnced %eﬁatkﬁlﬁg ﬁéLF&FﬁQ%%hd Hesté82. a'i'rfeerﬁéwhlﬁd(ﬁeﬁon |f1§%¥uron

For' each uni represente
d &memnsy) in hpge ’I?&'Y"i”h‘@%ﬁ "éﬂtﬂ‘é}?é thedpading v S'H °r ﬁ‘ﬁms in the pattern
ebesarntrte of cavents pointadstb Hyethe revattembintarn dThis enaithing ateandn is
aEefﬁoeth g3t tthiniﬁé{ﬁxgeﬁe%FHn @%Hrbﬂ” t télléntr Ghter %U{ngﬁ‘ tpﬁgtea
the root neuron DBein resenfe e zero In
apscardingdpine defined Ryes fg"e‘h?l W@I"e“"ﬁﬂ‘tt%P'Rt to the ne@vekhswer

to - the query is no, a new elenmental neuron is created

( ﬁl@the@ %tch‘np%eﬂlrog ‘fsftﬁ%@ﬁr‘idﬁé Q?eptétﬁ (A%g}}l th’s eéfrgr? gmént)}ﬁY) i? for |

ocess con he“rul es 't
n@er‘wﬁ%‘ qr evgals jim dhe Pﬂet”e?fnﬁqfl%’aﬂewf S (02 @P'@'ﬁé rie &y the event
npsiiter Thiskyiother mthingaduns is defideddsthe hdseglated sauronHeurorgB).

t jf‘lﬁ‘e év@ﬁtr d&n@ iSthGf g %:JJTFQO ot cfst%%%%{ rul[%ﬁ}gi' the neural network

initiating, neuro
d‘é’d@{j‘ﬁg’t"@ﬂ e Gy "A““S "P‘H@%‘dﬂ%@?ﬁﬂ%‘ﬂt"g rﬁ'é'ﬁrPW’(aﬁ%Q?Iaﬁ?f‘sB‘["
i siwhysadnedte) 86bjédd 1) anyIrfilesio ties comtrayt Gereradify theaneumn CPcouliibt

pg&e@g&vﬁ@k Eﬁ&gé’ offtbhwideSit »@5@ havb BEerth Sr%%%t Leygsts back

neur on cr eate as representing
t he associ ati on or conbi nati on of neuron A and neuron
BHé\E@) colrﬁaletande ipfueedsing @ & SingR\p2k§, shdgtie data Srfeveieequbice

g roEees g&é Las%ﬂ t i s.b ndetspc-i:cf‘ 8&99181%8 Sthgshehg? network structure

accordmgly

A further neuron that has not been used is then found in step 84. This is created as
the associating neuron (neuron C) in step 85. The process of steps 82 to 85 are
repeated in 86 until there are no more events in the pattern or sequence of events
being processed.

Figure 9 provides more detail of the process steps 82 and 83 of Figure 8 — the finding
of a matching neuron.



10

15

20

30

Figure 8 is a flow chart providing nore detail of
steps 56 to 59 of Figure 5. Here, 5 neural processing
or learning is of an experience represented by a
pattern or sequence of elenental neuron events. In
step 81, the event pointer is set to the first

el emental event in the event pattern or sequence. A
mat chi ng neuron is found inistep 82. The matchi ng
neuron is a neuron 10 (nmenory) in the neural network

t hpdedTBf HRGRatiHiR rke%ﬁﬂ' ﬂ?ﬁte@‘(segﬁt t&’Eer@Yﬁ %lﬁudgﬁotﬂﬁberoot neuron.

pattern or sequence events p0|nte t he event
pEP’rﬁaé'i‘ SUCPRFSEr 'i'ﬁ&’f%‘rﬂf Hlj PAingMeuen (Her ?Heﬂc'&gk Pr?@"d“c‘ed 1o
| deteindiid iNBe BEMIEE exphesgion bBf the suctEssomnsarvh matches e sulssequent

t Q&eﬂ\t qultrlg gr T(e%?&n%& ﬂ% tﬂ? p%t%rr{ ﬂ‘ seﬁ@é f:g Sfdev«[eﬁ& g{’g& ﬁﬁc‘% Egd i

neur al networ event.
midees, thg-pragessraeves §p qtm% Wherm e ippintor iopthe Batchiginguron ki sgt

n ﬁ%&l‘ﬁ 16 TR Ricéessbs néd?&n thb@aRN& the %Vverﬂ\/;ﬁﬁérﬁ dr Be§dtfce.
0] uence o ev (o]
P Bty e P PAITEE T b sl Bfrrta BRCD 8t b Bandeyiof s Pgﬁem or

t senuesre @t pensdhatcas yeh havenat beerBpatcheih & he propess thEniteverts to
| Step BE g.ndJ&Q\ﬁﬁ@eg ﬁqﬁé)fegum s‘e% dzh@ ek bosd Fn'é{cﬁ Sm fs[%'b dalife

neur al network ol nt next even

nERiFEiRg HEV(P%’&'('_?LBF é"'t ""ﬁ’e%ﬂ"&ﬁg ‘?_) rthea‘§§to'8?t8'?“i‘% H%“'%& é‘"ﬂ ghe
aproegss endsdatiepl 95.5ubj ect to any rules to the contrary.
Generally the neuron C could not have previously

exi sted, otherw se it would have been matched at step
gbigue |"H§t’a&§d‘p metecsigtall the Recseselstar @S it Figure Brdhecrpalion °f a
t hssosiating ndaba. OV step/ 101 the adiisding pointebyf tikcagsockiag sedron is set

d t .
S8 8 1 ) 07 U Sl e o
nie apwsiFtingayrands e E?rfh? Eﬁfﬁ@a‘Pﬁ neyrery Asdhe aggpgating neuron has
Che aficeessasneurdie (adrmchedh ijusy activated or created)p its €ccessos haypon

8 oimgng ﬁ&rtg Cés isu%; 10%% SRR regt ﬁegrq%%oﬁnﬁe? of thé Q&ﬁhgﬂ}g' fduff is

re events
S@ﬁﬁéﬂé‘ébwqt@b@ﬁ?%sucﬁswélewgn ;BP'Bt?égfé'é?j'"“'F*i"‘Qd\eémg Finally,
pinostersl 465, nihe esuckeksor | polnter tdf ahe liritiatisg nelrepds 8& tanmbir 3o dkhe

F%&HEI%I{IE nﬁwjon Q?é k\ﬂg Hg%ss&’:fatlﬁ% H&fr&hﬂn&gmg@ﬁ’lg @Fst elitglr ig llrgéylist

neuron pornter 1s set to
pBﬁ%‘fF‘ieﬁ@’f’?}"?’ﬁ@F‘Gdi""aﬁ%’i‘%'ff’" For each successor
neuron of the matching neuron (step 91), a check is

fﬁg%‘dg%ﬁ&ie&&m %Sﬁrgﬁs'?eﬁg?énﬁrédf@%m %Qa&eﬁ%@rn%%%%%am‘sed.

successor neuron Cc t seque
into a cortex. Thus, it is possibie to have a visual cortex containing groups of neurons
which relate to a first visual characteristic (for example, a group of neurons for colour);
a second group for second visual characteristic (for example, shape); a third group for
a third visual characteristic (for example, size), and so forth. Structural neurons from
one neural network, representing distinct patterns or events, can be elemental neurons
in another neural network. Multiple cortexes, possibly represented by multiple neural
networks (and the neurons within them), may be interiinked and related to form an .
integrated ‘brain’ which can provide not only an integrated learning environment, but

also the potential for intelligent behaviour.
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event or events or sequence in the pattern or sequence
of events being processed. If 5 it does, the process
noves to step 93 where the pointer for the matching
neuron is set to point to the successor neuron that
mat ches the event pattern or sequence. In addition,
the event pointer may be adjusted to point to the
remai nder of the pattern or16sequence of events that,
as yet, have not been nmatched. The process then

I §Matibsal Indural héWorRe af ﬁ{pféﬁll’\}t dxri'diu@&honfalf Thie memsllthatodiven a

92 is that i
nEoBiN gt POt s Hectenves PR VB, SRE e 1 By foverso
| disdctioratThiat in,gives theautputitds rtohpossiblede derive tmd@litn step
95. Figure 10 illustrates in nore detail the process
of step 85 in Figure 8 -the creation of a assocrﬁ Ibl ngd
n&he dresenty inyertign Trsavides hier tha CRRADIING T9h o PYRIRESIORs WHiFLPDY te
agsdehci! df e thableadsStostaé coribbudtion bhanypéundn ¢am hehexpressed.

ng‘ht L at 'Bg t z% ?SS{OﬁnQ thaplt% kg’& %%jl&g s@cﬁfeﬂgé 61t g\gnts t?] be

e assSocCl uron 1s set to
asapmseeted tly Asinglsrneurs, %ﬂﬁ’eth%fs%?@éﬁ"ﬁ? Faybe: EqpFasiHcataky agtiyating

S tHat taﬁ%ae hed?&%ﬁﬁﬁw 2 We HBuRRAS tha teplesart ttie/adseclation that is the
create {s successor .neuron
( g{?t@ﬂ on aml lH% asoc {gﬂ H’SH”B in th?%amesglﬁqe pcbgﬁloﬁ Br 5@5:‘%

assocl at1 ng
nevhichb they sveret dneateds and saofoiiia Ireqﬁa'naqngr it is possipie fos asingle neuron

NedPréd8ntng'a "Hoﬁ?leﬁfexbé}ﬁnb@értm@ﬁd@@ediﬁﬂém evérits)ad by explédsed,

in stﬁ;) 0 he successor pointer of the initiating
négsaling the exerience. point to the associating neuron and
thus the associ ating neuron becones the first entry in

t Rl | dxpressidlf aﬁiqu% fem@ﬁthﬁ Q:QSWE)D of ge lindidtih@tpoter and the .
neuron; A group nent al E]?? rons representing a

c GRTPsHted ﬁa'ﬂtg&fpb?ﬂclgf‘F‘EOthu f%d 25 into a

cortex. Thus, it i.s possible to have a visual cortex

C @RbrasdiinN8 iSRS @fguféeﬁr ORfen éﬁ(ﬁfe@&lor‘ Bl raduiredl,ah@ fifst ¢hatk in
vi sual characte

¥ stopaat b paemipe g PR Pl vEnedied 10 BE oot s Uta
chmrearat Hryestii must be anslemmpiab neusem prd) the Hrachss @V@’Fiote [Ftepit4

a th]E}ef t Rééhééﬁk a&tﬂaﬁ&%f%ﬁd a&ﬁné‘nt @fléﬁt onemmvét@red $i the)assceiathd
SO or

St
r é’nﬁyrgg g)rﬂaprﬁiaernm g ewgptaﬁmu{oog? Ij{ghe Y ug\) n?t Zgl%r gtep [‘llff,‘é m{ahed
elirestep1 £ is exressing o3be heurenpirtesto hetheanitiating W?H*'R" pomter of the

'W,leaﬂof? hEp& eidr@s%s& mpaépsw ¥ é(ﬁ'@!;%ed?tﬂ@éjn&l)fombélﬁtb@ keby the

neura net wor se& the neurons wt 4 g%f §|ﬁ 0
i Rewaciaadinsyron Reinte| of dhgy neuson: I R SPreSSh Jf"&t YsF A @
Weiepientatieupons vepeksenting themhgmay havetbeey expeagsédear ni ng

envi ronnent, but also the potential for intelligent

b@?ﬂ@l\(i fetfon ih Bthe network has an address to identify its location within an
addressable array of nodes where each node represents a single neuron. All neuron
pointers refer to an address of a node representing a single neuron in the array of
neurons. The bit size of the address or pointer will influence the maximum number of
neurons possible to be represented in the array representing the neural network. For
example: using a pointer address size of 32 bits will allow the construction of neural
networks consisting of 22 or 4,294 967,296 neurons.



Tradi tional neural networks are typically
unidirectional. This neans that, given a certain

i nput the output can be derived. However, they cannot
work in the reverse direction. That is, given the
output, it is not possible to derive the input. 5 The
present invention provides for the capability for
"expression', whereby the §%quence of events that

| eads to the construction of any neuron can be
eRfharaed .is rephsentegpby haingle fiséd lergih eodd ra Fenvetignaljyray or
all o ggwbﬁto?naﬁ&#%ﬁ ?na?Be @t\ﬁ%@tﬁaﬁ Qtré%mll be dependent on -

r%tB’r esent s e neu sequence can
bihe rtelgk memewasteryg%\@vwkﬁa'm (ngpmaf t%'f’/% |eﬁ'§T"é')'n gh g, 8°'“ or
[ m&éggamhid&g,r@eur ons that represent the association

t hat ?a? tnhte A ég Qlﬁ%}" egtﬁlg{] 9ssnaeréfﬁt8 rg%l Lll?:ﬁr fglséeppfb: %‘ ﬁgjrons.

neur on I've position or ord

‘whi ch they Viisis 6eloet enturaasid so forth. In this manner

it is {B ssi k8 pft Yoinfer aldEdsCareHREESHE will SRWERBENY toaf? Aeurons.
conpl ete experience gr menory (sequence of events) to

. be expressetsisAIIT | YT experi ence. 15 The

10

20

30

expr es@j on als Ibittpyintes addrpdsenehiteaere il altoy fof up tc2* neurons.
initiating Pﬁ]g{g&? ﬂj‘ﬂq,et,,lgﬁs and assom at ed p0| nter for
t he

each neuron neural struc Eli(ogvrf f ..
i |1 ust fdht eda 6 bitipgifies a:quLress\mg}ﬁeg&rBrvglgg of 4p e%;uf‘?%%f‘
the first chasisiax103tmorobdl is to deternmine if the
initiating pointer of the neuron to be expressed is
equal 20 to zero. If yes, if, nust be an el emental
nés therhumas hraie has apreymagly IO} “nepong. b may ba RRFRibe Tatoh the
E¥dpal &if a RuhdFeditinandirainsusing at48cbitglointer atdressanthitesture.Based
sto B the o
eP%h\g El‘t%ﬁt c?]m f On%%f%lﬁ)&)ﬁrqj 64 &FHJ&&S%Q it ﬁ"\QJ Sec'ﬁéyslbferi@ h.'ive th

e va zero, step %"ﬁ

i sapecityrte sgpresentneytab pirupiLes; congisting 85%‘? o'ﬁeué‘?"st e eﬂ 1ze
Pei Totrailont Runidh brdies wirdditogetieng neur on poi nter of the
neuron to be expressed. In step 113 is expression of
the neuron pointed to by the 25 associ ated ne
3P mepsesents the meurakRRtwITk & nesle valk gersist aha LT (O Rpigters-
UIEE&H poitér coffaPERiAtaatiresEtor andthier Ryuras eAd explpirtedebmesyosing an

gcﬁ%sggs%g 8?%££% glow":tﬁec{}m&ﬁw&rbf h&rﬁlh@%%%ﬁéfsﬂh&%f o

ent I'ts T'ocation wt
r@ésbd[ﬂ"en%#qﬂﬁy of nodes where each node represents
a single neuron. Al neuron 30 pointers refer to an

dr f s
SR Rl o R PO oAbt e e,
p &% RPN the mest bagie mplemestatien Eachpaitiane @ ligk to e aid

pﬁb%&'ioh' & alh&h&%ehﬁﬁr tﬁﬁd&tnﬁ@ neﬂrohhﬁill AaVvealguI [Nters,cthe |m1rgnum
t he neura ne

| % Iﬂtegr However,

ad@gFded Lo patg agn %’EGGBF eé"w l’%@Jﬁ‘gélagﬂcz:no nag?é'uc fion o
naureaton may have more than four pomters to provide additional functionality. For
example in creating neuron C to represent the association of an initiating neuron A and

an associated neuron B, the following pointers are required for neuron C:
P1 — a pointer to the initiating neuron, i.e. neuron A;
P2 — a pointer to the other neuron that participates in forming the association,

i.e. neuron B;
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net wor ks consi sting of 232 or 4,294,967, 296 neurons.
35 17 Each neuron is represented by a single fixed

| ength node in a conventional array or structure. The
nunber of neurons that may be stored in an array wl|
be dependent on the total nenory storage avail able
(internal and/or external), and on the pointer

address architecture: 5 (a)i1&a 16 bit pointer address
architecture will allow for up to 216 neurons. This

IS 6.4py_ %%mﬁb‘?w 5’&% (stpbf d%eﬁgr Ig}et né?x‘?dn@tlr?aﬁ h&MEURHSC as an

architecture wl ow for g} neurons. This
i s 4. 1inifiatinggeyeg Kacﬁ%cesf%)‘m'&teﬂ r B‘Pttm’b@ At%r addr ess
ar chi t pgtarpointsr tol theahextiveufon(LA)hat Bad A&irencAl agitssinitiatib§ neuron

This i anex?%ucgé&%orh%&%mpﬁﬁg’ (d) a 64 bit pointer

addresS arc for up to 2s4 neurons.
This is 1.8 x 1019 neurons. As the human brai n has

amlﬂiﬁhln'ﬁ&ﬁkﬂé ételalsHQiér G&ﬁmed' ﬁ)r rl‘i‘t‘.h‘roifiec piﬂ&fébé%kﬁy et ﬁlbwde
ai ns _using a

15 capaci undr e
bR 6B e skiso® o e AP AEEI BB ORI  ho | af ot
conput BS s atpoiter soumlizd (LpCHdf deieperdelet mepina dhat has memionli@as an
possi bl &otifed Aifort (Qgrecggg,a‘gi,.kéf .LRg r epresent neur al

structures consisting of 1019 neurons U|valent
21 76" BF 18 PATRT Ro SIS 19 LBk tib es Ao Soeer

I epr eseasgsbeistheneuean (afnexigirevesdor’ paintegde Wi | | consi st of a
m ni mum of four pointers. Each pointer contains an
address to anot her neuron. As expl ai ned above, using
aReengg davels BeuspnEcmay repressit cOMRleX SeUeRRRS §icevents. Since each

C SEtufl Gbiron hes ah Rustadne reitiating kbua ands biengssodiate nbaron, a
2§%%e %urgh Qf IL\HI Qg map‘? r&¥8nt e%qtﬁ?/cesé}% '2“ oF '1%5991 ental

resen fou p0|nters/I|
( pagpntsprgls nopn\;n%gquangondqiqp thajoeurgBs cayy-associate with neurons of
| elsamervat i on. Each pointer is a link to the address
or location of another neuron. Typically, a neuron
wi Il have four pointers, the mininmum needed to create
ahysnin S1ofingyBAYY SSqUeNCas of RYent® IS Q0% PRCesSARdR idepiy those existing
C aqAdis|which@spreddny\@dstiiig evedt stgueraes Metfie lbeant straameartdhesiociate

];:garuge B&étﬂér%%bnéhgaﬂﬁ %‘é&v%@ur@ﬁgiet.d.. ‘ﬂ’rWé hzr\}é rf\% E%@Léqhgnces of
say 1,024 events and 512 events, respectively, it is possible to construct a single, new
neuron to represent an event sequence of 1,536 events. Thus new sequence/event
information can be economically represented in the neural network.

This is illustrated in Figure 7. Figure 7 is an illustration of a possible neural network
derived from processing text and learning, for the sentence; “The cat sat on the mat.”
An arrowed line indicates the connection between an initiating neuron and a
associating neuron, and a circled line indicates a connection between the associated
neuron and the associating neuron.

In Figure 7(a), the first elemental neuron 701 and the second elemental neuron 702 in
level zero recognise or represent the letters “T" and “H” and associate to form the letter
combination “TH” represented by the associating neuron 711 in level 1.
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30 exanple in creating neuron Cto represent the
association of an initiating neuron A and an
associ ated neuron B, the followi ng pointers are
required for neuron C. P1 - a pointer to the

initiating neuron, i.e. neuron A- P2 - a pointer to
the other neuron that participates in formng the
association, i.e. neuron B1918 P3 - a pointer to a

list (LsC) of deeper |evel neurons that has neuron C
as an initiating neuron (a successor pointer for
euron C); inter to the next neuron %nc&,e

{ Rarerv4d shews By thrdelomEigal etton 708 HEFoRBENG e PLer B

S thuAk slementalmelrh 04 fegogrising the spgce “S. Ablekettwo asdociate together

p?o B;n? kg Cf%ﬁigingtioﬂo‘Eb'eregr%Lén@&f?g 9§so&§lh‘1 cNéun%n '7f12'ir‘? %@as,aitme

provi S ors
SIS POl G T3 18Rl fpPBosiTe o foFm i Gt ey STHE™

| fephesbhaiDy td asde@aing nb@yer2mneur ons that has neuron C
as an associated neuron (a precessor pointer); and 10

P6 - a pointer to the next neuron in a |list (LB) that
h isFiguee 7 (o) (dB apds (e), ttie next bucelemental newensin [exelrzeser— 705 and 706

pLefrsgoég.g{ tréegféhéig eg) an@e@p% éc%vee,i dne %Q%b‘?atm form the letter

uenc event s i nce eac
g’ﬂf&?ﬂy?’blcﬁwgn%eﬁﬁmﬁ‘g %?Pmi'aé'ag{'e‘im'yi"rﬁ’ vt ng neur on,
and one associ ated neuron, a 15 single neuron at

| ?eéreihelighe@w»r&nr 36 %Lma ﬁﬁqa@gae.aegfwniipnéuw%& ® create a

emental events. i S not a necessal
c BFRariRting Meyrpn {148 i?ifs'risfeefaﬁef@nil {he gempjpatiop o g KﬁUfﬂM’dﬁgd
0¥13 theh essbaia® tb averlte a EHssajating netron i722) imMIs:eqwis rfareningothe

@imctswéra (')/-g’l' AD&L&IF&W&?S&Q&TXHJ fé1 é*@ rﬁé t:éﬁ t‘\gﬁ)%oaéﬁa % élwa

e
20 neur ons represent existing event sequences in.
t FRsuib g ite aspeqialing é'ﬁEF"%‘iS@édP deve! 3t‘ﬁef§@‘ thegeliraRe “BiE" CAT
C (Mgresf¢ andy (®WBwW neurons, e.g. if we have two event
sequences of say 1,024 events and 512 events,

respectivgl R ossjible to construct a single,
B e ST o iy PERE T SR (Bl odu (R eestped e er S
eunrhdssocialésusithmeuros Z0fiorgive/aoesuittat assofistingerelon 7¢5.m bl 1 for
eHRNAU CotlbinktidrP B G SH7 15 s diRitddGith AburBe ¥ Pk KevePP(T) to

give a result at associating neuron 723 in level 2 for the distinct word “SAT"".

In Figures 7()) and 7(j), neurons 708 and 709 recognise the letters “O” and “N”
respectively and associate to form the letter combination (and word) “ON” represented
by associating neuron 716 in level 1. Neuron 716 associates with neuron 704 to give a
result at associating neuron 724 in level 2 for the distinct word “ON"". Neuron 723 in
level 2 associates with neuron 724 to give a result at associating neuron 732 in level 3
for the clause “SAT"ON". Neurons 731 and 732 in level 3 may associate to give a
result at neuron 741 in level 4 for the clause “THE"CAT"SAT"ON"".

Figures 7(k) and (l) illustrate neuron 7010 recognising the letter “M” and associating
with neuron 706 to give a result at neuron 717 in level 1 for the letter combination
“MA”. Neuron 717 associates with neuron 712 (“T""} to give a result at neuron 725 for
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This is illustrated in Figure 7. Figure 7 is an
illustration of a possible neural network derived
from processing text and | earning, for the sentence;
"The cat sat on the mat.' An arrowed |line indicates

t he connection between an initiating neuron and a
associ ating neuron, and a circled line indicates a
connecti on between the assogi ated 30 neuron and the
associ ating neuron. In Figure 7(a), the first

el emental neuron 701 and the second el enental neuron
7o distinct werg SMAT Sy Hleprop dghpsseciaies With et 25 ([|HE "gtte give a
'rEéult&nﬂbu'%&r{'nalf&I tRShese AIHEMATIOr m the | etter

combi hation "TH' represented by the associating neuron
711 in level 1. 19 Figure 7(b) shows the third
cNeneai7dl ank3%ean75Soaiate toogivess regult aleneuront7sit in [Bveldnigr the

tééﬁenéeowhtkb&iﬂeﬁ?%@meemﬁn I?%Iéé?(iﬁkﬂréb&i a&ot:.Bm]gsmm
hese two associate to

isutsi WQ&‘ 0B, IntigtingReUEADARd 208 g§F°8§‘§6 E?‘ﬁ?’? n'@'°"¥Fé’S'i' SRUrELan
| Haivé emable Succéswer andspreceskerrmebirons UFayresarFidld elementalli®euran 701

lr"zy ?léss %u?c%%éz)gl n%tn%né Qe[;rggemu{d" @I'I-Fl ' 6‘ 'I)n% V\%Félent-ﬁ _|E"':1"""'(71 4).

assocl at'1 ng neur ure_
7'%'@5'9"“{' apurahd ft e’) haf Héeqnm%fwewp%@meawn% Lﬁ’bﬂgal' A
|@M§bmiﬂﬂ00ﬁn705 and 706 - recognise the letters "C'
and " A" respectively, and associate to formthe letter
10 conbi nation " resented by associ ating neuron
7Tozexignd | tes, agntepce I'ﬂﬁF"’qt?fg'"l Rigure:7 @) 'where g neuron ﬁgm tinleveh 9
F8ERRRIbEH 108 1tk “D”. NReUrem 7019 st otiats avith ®edron astsmgmatd fegult at

R o o = RS A HIS AT 050 g
asstiek naurong72A arithsrcopbination “ARK, deurpn 78Q,3sspetas WiEh peuomH9
Ctb give B FdsultVBY iburoh/A28 for tHeFdogtiingtion (:AYID"". NNekdrOrBS adadkiateddvith
72§ro(r:1 t hen aas ?’e%&ﬁ %ﬁe&r& ?)tzvﬁr t}% ?o'}rﬁ’?rmg Jn QIII-IEt"DIﬁT"AND”

MReursn m th
"Naypns cz&‘r and 74Ri may e Fspgiata 19 give ) Jesulk gt neyren vﬁ§?ofor the
" cofvbifiationaS repfeséil @& phidse FTHRTCAT SATNON~THEIMAT AND*
recogni ses the letter "S" 20 and associates with
neuron 706 to give a result at associating neuron 715
iIn Aigwee7(n] it ghowstthet indeveb0 eashisiomantah meurg reprrgafsopnly 1
ldther/orsepattdrat eSachi thBurBeUONevélL4 irepresontl ah (asdociatiod Oof 2

SeoelsERt I Blo) B8R rbbrofl el SO iaoé.eg%gl o %pe8's
Hettersieherap®es; lrlever Gaipria c® itiprs charRdesen fer lettprs/ggipctery in

Jével @'ﬁﬁﬁﬁ (3b VéHelt/oRBRACIBRSA ‘lealtﬁ ahdJsé fbﬁmlrt h&ltlﬂ)l@é bfeZ until each

neuron |n ‘evgln ( au% represgnt the assocn En'(\e %\e ?o 1,024 letters/characters;

and each neuron in level 20 could represent the association of up to 1,048,576

elemental events.

As can be seen, for text recognition the number of elemental neurons required is quite
limited. One elemental neuron would be required for each of:

1. the 26 letters of the alphabet upper case;

2. the 26 letters of the alphabet lower case;

3. the 10 numbers;
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by associating neuron 716 in |level 1. Neuron 716
associates with neuron 704 to give a result at

associ ating neuron 724 in level 2 for the distinct

word "ON'". Neuron 723 in level 2 associates with
neuron 724 to give a result at associating neuron 732
inlevel 3 for the clause "SAT"ON'. Neurons 731 and
732 in level 3 may associatg to give a 30 result at
neuron 741 in level 4 for the clause' THE" CAT" SAT" ON'"

Fi gures 7(k) and Ilustrate neur on

ré—gogn'ﬁhgl 2"!% P‘é‘[ f“édr simjlr chagacters Qo; e, ‘%ﬂ‘da(ﬁn ?'Hha"ume"c

neuronmﬁ&ﬁudo give a result at neuron 717 in level 1
r the I '

it the \&H Ket) th b
a 'soci & e‘?’e\(‘/{n {%eS"%Ig%{r one 193% f% eNé eRrhl% ?t)esuaf magt °
neur onreq®df or 20 the distinct mord N%T . Neuron
721 associates with neuron 725 (THE A ) to give a
result at peuron 733 for the
Nt sty o St Sions reskilt, A B8 umbet o' fevels of sructyred
neeurans réduired pan growlin Borsequendecof We o mesw@@l natwerk, during the
" [eBhing ?tch! ToEndhe exarhﬁle Iof text RRbgriitloR! the Hukber of documents

assocC| neuron_ has at st one ipitiating neur,

5 PTG, 0t 8t B leaE e R ec Bior Y5 gL 1y dhe
rrud»wmpnhts and (ths Soaxiraumal pssibles sumbere of ovesds, Fawases apiplises,
el GimB?! E%EF{' cﬁ%;%ers Book{!8shdS 1 RRHSHI ||ﬂ$é€t Qﬁbssnze of the

represeh Bnd representi

ETesHing; pAUrah SEMOFK WWA By 9 rxemy prel 84 25 P P'ﬁ&?“ W)g"am
r Sﬁﬁkﬁﬁﬁ%lm recérded Usng thé %sent]:ﬂve(nﬂdﬁl)'l tevt decbhiitiony affer the

TRCALPREL foBSaSPRbENGA b Hbhih Gmbet cﬁr'sgllrghﬁ'aﬁrﬁemons Ny,

neur on recogni ses
| Whee rthe EpcOnelAY NS (EAreth S e Saa. ROl RGpOToe gt
Ohélford requirbd wodld nofiBelteNsimple dritimetib sura aotithasatreqpited BF 'the

'\%H%ﬂ%ﬁde%?grogg’s%%ﬁ @ zegél} W &Qmﬁgog@nﬂ A Eﬁagr\e\/:foné I{%qiured to

I nation
7pgcess $ecseaprilPiay 2heve, e'aPr byond, thosg gregieq @'Q’erfgétbﬂ'azy "é‘t”?d be
Ngedted fo N2 diverthé brdargatbiaie2.i BeurdnéNii'any pMNviousiy exigiBg letters,
a i |

SO, i, Ualchs, ATHAOR, (e Bnh M 88 duliod bultisf
apgpogiaipnswould ke agdede A{rap éhettﬁ'“b ploy b%iﬂ?r Eesprded, dhe exlrg mgtyons
7 rduitediwolia®e aaeedin heisamawayptorgderNssent t he phrase ,
" THEN CATASAT"ONM THEAMATAANDMN" 20 In Figure 7(n) it
shows that in | evel 0 each el emental neuron represents
oBY {he time|the fing} plashwrserntased, thedrgrease it 1Hp NvAPer & pqurops required
I GBS HENbe grRBt. AFRE Griamt in€rBasef walild be at deeper levels in the neuron

structure where new associations would be added. The deepest level could be a

_I_J

single neuron having all associations required to represent in their entirety all the .

plays.

As each neuron in each level can associate with any other neuron in any level to give a
result at a third neuron, the number of potential permutations and combinations

available is very large.
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| etters/characters; in |evel 2 each neuron may
represents an association of up to 4

| etters/characters; in level 3 up to 8 letters
characters; up to 16 letters/characters in 25 level 4,
up to 32 letters/characters in level 5; and so forth
in multiples of 2 until each neuron in |level 10 could
represent the association o&%up to 1,024

| etters/characters; and eacCh neuron in |evel 20 could
represent the association of up to 1,048,576

e Feomsheansidergignios Fiows 7athereare gifersatenmbinations thet may be used to

r s&oaa@ tHel resultt Rebirer 'T@fE“@hEW@N “THEAMATS R ekdnfile, in

t al ld b
Bl opt b R epPoffits e BRANRE OF ' he
al phab8H UBPEICAL AR, "SA2 'O hand’MA’.et t ers of the
abﬂﬁﬁ&%blrlaf?%rarecﬂﬁﬁble 3ore§(£‘rﬁ 1¢0 nunbers; 21 4. the 32

punctuatiaon_and 'si ,“ar cmqyacters on the st andar d
al phanufer HE ‘Key®®al:> 5. "N Bt nand "Mpeci al

characters (e.qg. fron1the G eek alphabet) that may be
r 0 I d y Led
T R Be 0o o 4" iherdVandd b GhAdhR) el Bl 2°Chy
r e@gmnmmleé RArtipgrdlo 3 desiredh 9@@@%&5 UgiRg themedil patworledp Feguce
Net eliiriéte ddkbinaibné, Rficich@anhdy beenpaedss. Using the
exanpl e of text recognition, the nunber of documents
concerned, the size of the |earning event(s)
c Bradeveh 3@ neuroreis egesidsted, 1%y crrgble qh reprRsentingFozagteire I up to
a:ﬂ 024 Bi8méniary BemsP PRGirel @erﬁuﬁﬁb@fh beQdxpieBsed Dy fNBWIRG B, pom:jers
cla tences ragqraphs a an
3? ﬂewﬁf ek C‘ie"te' the EPre® %égpegéys u’ﬁpFel%%?neur al
netmork structure. By way of exanple, if all the plays
Ofs:e%htllai ABdronah a@swareaump CadtifR6d tRth w&if RErrkrd€ and during
presen vention in it t
f F)fpﬁss;rgp a(71 a pure bl bm omﬁe'f]ﬁer gﬂ\%g: l%&ﬁentaq neﬁlropé I?)? root level
noeHsens eh bstm@mﬂanr aseqeiatasisby Rjsinglellgveh\l etpuidie E‘!Q: iomel 1

phayodéaﬁay B6 Qkslesded \bk tabé.d&.atdalebﬁ anmBvel @Uiealonn@idney forth! B e;

t

bl 1020 B PO S e
pthet thedeliaying hurakas Af netirons at qﬂcaiﬁyel may|bg pragessestt r a
neurons r GQUI red to

1,024 level 0
512 level 1
256 level 2
128 level 3
64 level 4
32 level 5
16 level 6
8 level 7
4 level 8
2 level 9
1 level 10

representing the entire sequence of elementary events.
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process the second play above and beyond those created
for the first play would be added to NI to give the
enl arged total N2. Neurons for any previously existing
letters, 20 words, phrases, clauses, sentences (and so
forth) would not be added, but their new associations
woul d be added. Upon the third play being recorded,

t he extra neurons requiredzfould be added in the sane
way to give N3. By the time"the final play was
entered, the increase in the nunber of neurons
required 25 would not be great. The main increase

W tHeChalbie tm’hb bdm&eﬁedrmeuhﬁg Wﬂs 1 Fritlis@Eomel Ot théfobﬂ@wﬁduraelevel 10
I gge/ugﬁ?n ‘@e gﬁgaqed T?rl}lz?cy\n nr%:g day%rx 1?%9 r%ﬂlsec n?s gre gr%gsétsecond
aZkusdt the amvsrepresgmtlmmﬂ)e theurglegiuctyreris rapresemd as agombipatipn of

akiktirfeh %enﬂl'yaﬁfécks%)eae‘s dedel 18R rn@ﬂroh@ c%@l@ hpd es‘t'cﬁéd Gt Slower
associate Wi ot her neuron in any |evel ive a

n
BT oo ML EORRGS e ROFRDES OharpEy e pafession.
permut ati ons and conbi nations available is very

! g Pm?&red%@ RonfiéH Sr rat élsmerg;x nauggg Rave ad 1REH Siify

di f ent co nations t use provi
t pRUreRetg| ’P°taﬂ°”¥?@ JP’oVi‘emm’ T'PE'%A&“‘@A"P CEQ'ST?'EWM@F" unlipiied
enanbk of elénientdl Astednsko 86 ciehied oh that fiydratHee thhan Ihhvikg 1oCpredefine

%ggérﬁé\wgﬁs q{ggmk}&%@r Q%q%&tﬂ -EELronsréln Irlt{g a{lc%ﬁ‘ted a rp-ll-tlald"etermmed
pE@-’!ﬁ' [gtoeagelp@fnoy)@?ﬂgp ghe strpcture, apgeach efementat gguron cantthen be
" directly a@ﬂéssea NE. g foRASCIMBXt chidrdcters BNbIRE QEU kriveAtal Hewton

f %s I h.~:(seés can ?gre-allo a?e%ﬁg Ec{ %%gmbp é;cldrre%n %f %F %/@lgtu % PeB on

'uymﬁgat%@“ﬁ%@ﬁhl network, to reduce 10 or elimnate

combi nations, efficiency nay be enhanced. If a Ievel

1 ; :

R tﬁ‘eeﬁr{;z@@%& %P&e ﬂ&% Qr%%ﬁxazafhr g £P§’ea£’éd8d af 4 .{yﬁma,?%gwﬁérgq,
ﬂhP§t—'Ufé'ISEw%‘ﬂF ntfyhi'nséor@emp@?sﬂ@&bw W'@ﬁﬂ L@mgr‘?g‘)f?‘!?é"ed area for
pthik Biefestal riéprohs) ptodessiiganaybedasted as thefitis heviedd to dréh a list of

| 080 o Ehal b YRk JBGEAY EXPTession. 15 El emrent al

neur ons nay equen y activated both for |earning
and during expression. In a pure binary
| BiemeMEIHeaohOmay Mreplessrtatl viith tREtIhiGdRMmg PBurb® Pdinteset ko zero -

pointing to the root neuron (whether it exists or not), and their associated neuron
pointer set to the value of the elemental event to be represented by that elemental
neuron. A elemental neuron can always be determined or identified easily as its
initiating neuron value is always zero. Therefore, when expressing neurons it is easy
to determine when we have reached an elemental neuron because the initiating
neuron value is zero, pointing to the root neuron. Alternative methods may be used to
define elemental neurons, without impacting the essence of the neural network
presented.

In the preferred mode, new successor neurons to an initiating neuron are simply added
to the front of the list. Therefore, they are attached directly to the initiating neuron. In
this way recent memory traces are readily expressed.
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neurons can be expressed or associated by a single

l evel 1 neuron. Two level 1 neurons may be expressed
or associated by a level 2 neuron and so forth. If a
20 sequence of 1,024 elenmental events is activated and
| earnt/ expressed by the network then the follow ng
nunber of neurons at each | evel may be processed:

1,024 level 0 512 level 1 ,25 256 level 2 128 level 3
64 level 4 32 level 5 16 fevel 6 30 8 level ? 4
level 8 2 level 9 1 level 10 representing the entire
sequence of elenmentary events. 23 [If the basic time

lbﬂwl%n vamcvpﬁorfsl dré BgaiMEIS td nﬁ:ntdm FC ON€liccadbort dvBronQotrhe
eve

|
¢ Foe S Elpe I 3518 Be VR 5 A B 4 Sk n orer
Thuprovife atrdedafunciipnatityptoctbe meurnkgnet\M@k rsruetare. skEoruemple, hew
r?%'gﬁélﬁlgt RraRs &uﬁ%@h&@d' t‘antthenE &'tﬁé'h@@tor rfﬁé“%’tycould be

reas, e evel ur ons tored in
s MgiRgained dp BP’HEIE‘PHE'H% ?'pg?t@g i© dﬁbLﬁ" r“‘ﬁpfa'é’t ll'r%e‘f"ﬁ% neurons
p&hiti areEreqaently ateezasedi cogld dedneed tosasisdime front of the list, or at the

p'fr@rtte&rtﬁ lﬂ?bguﬂlln g Mt‘ékreﬁérmg%cwat d fleiSRSY ale BRIAVL More

herr Tnitratin ] e root neuron for
{ Pesepsiie AT Els0uSTeRNS e 9485 TREMOTRY 8ro-at I &nCL0 15t A e
1fkeiit Beriérice eke®dhal neurons to be created on the
fly, rather than having to predefine el emental

neurons. Alternatively, elenental neurons can be

alnl hisamanmentherasdrstob the ligd gan hewsed tosrapresefd/ the iglatiye yraptic

| Birdng®s of acuv&néh @eve@l'iﬂttﬁéwbceel;(ﬁ WelrbRY tormLikifting &8uroh @fthout

o Rayias) S nalorig SRS thaflingth Of oy itk borrBilonS I ARLRGS

e dresses Can
pre-allocated (0 to 255) and the address of the first

Strhd!mbMbre rep?64éh38 by any neuron can be expressed by simply expressing the
neurons represented by the initiating neuron pointer and then the expressing the
neuron represented by the associated neuron pointer. If the initiating pointer is zero, it
is possible to express the elemental value of the elemental neuron. Otherwise, the
process can be repeated for the initiating pointer - express its initiating neuron pointer
and its associated neuron pointer, and so forth. Thus, any neuron can be fully
expressed by expressing its parts in order.

It is possible to create neural network structures representing knowledge leamnt. For

example, if the following sentences of text are inputs:-
LUCY*IS*"CRYING"UNDER"THE"TABLE".
JOHN*IS"PLAYING"IN"THE"PARK".
PETER"IS"READING*IN"THE"CHAIR".
MARY*IS*SLEEPING*"UNDER"THE"TREE".
JOHN"IS*"RUNNING"IN"THE"RACE".
PETER"IS*"PLAYING"ON"THE"SWING".
MARY*IS"TALKING"ON"THE"PHONE",

it is possible to create neurons that represent the following phrases or memories:
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15 will be at address 256. In the preferred node, new
el enrental neurons can be added at anytine, anywhere in
the neural structure, providing for conplete
flexibility. Wen using a predefined area for the

el enental neurons, processing may be faster as there
is no need to search a list of 20 successors attached
to the root neuron. Elenent neurons may be
represented with their initirating neuron pointer set
to zero - _pointing to the root neuron (whether it

exi st sS’UrRANE) , and their associated neuron pointer
set tolgmenNmicue of the el enental event to be
represEﬂﬁgﬁjp that el enental 25 neuron. A el enental
neuron can alWways be determ ned or identified easily
as itsIiSSURERAING i ng neuron value is always zero.

Ther ef gy@.AYEN expressing neurons it is easy to

det er 'nﬁﬂéﬂﬁg-me have reached an el emental neuron
becaus itiating neuron value is zero, pointing
to the root neuron. Alternative nethods may be used to
i@ Easkl- BT Bbe IEREQR Rourdl! NOUL 1 mpact i ng the
essence o e neura network 30 presented. In the
preferred node, new successor neurons to an tnitiating
N Biriilany raie gossiblq:tby:reatédImjfoudumgt pheasks omrhenadries:he | i st .

Ther ef Hw@ﬁﬁ attached directly to the

initia |n neuron. In this way recent nenory traces
are reHNpgﬁTﬁﬁﬂ?§§%ed 24 However, various options
are avpTHEPAREKO maintain |ists of successor neurons.
The n cture allows this feature to be used
in anyﬁﬁgﬁ%%ﬁk¢ﬁe user chooses in order to provide
added NHERAGRI ity to the neural network structure.

"For exenNmhHe svwmie 5 associ ati ng neurons coul d be added

to_theoﬁqgég ﬁEalist, or the list could be

mai ntarned i n nunerical order, al phabetical order, and
so forth. Likew se, neurons which are frequently
aTRRSIAY ©OadsHcimed mueﬁ CRMRGH Butt I8eis faseotiateal withsix | difiekent

ac‘fh%s t Eg °h;'f909‘{§t Qe é:@ﬁsnc{ | Sl aneSufd éd&é’éssﬂeg oE??&erl ¥ is

I'vat yS nore accessi
aPassibledeerprash 4P "Qﬁ"&l@ﬁefﬂﬁ RU?FQ%C'%'F%S at the end of the
list anmy¢§§@RwN@ likely to experience expression. In

this der of the list can be used to
rep reggﬁgfk%e reﬁ ive synaptic strengths or

actlvaw(bYﬂS'@E@P'yGof t he successor neurons to an
i ni ti afyegIgQHERNG t hout

LUCY IS PLAYING

LUCY IS TALKING

Atthough only the first phrase was ever learnt, or input to the neural network, it is
possible to do the same for JOHN, PETER and MARY.

Effectively it is possible to generate new expressions based on the structure ** IS and
IS **That is:
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having to use weights to represent the strength of
synapti c connections, it so desired. 15 The nenory
represented by any neuron can be expressed by sinply
expressing the neurons represented by the initiating
neuron poi nter and then the expressing the neuron
represented by the associated neuron pointer. If the
initiating pointer is zero,,it 1is possible to express
the el emental value of the elenmental neuron.
Q herwi se, the 20 progess can be repeated for the
|H-|'(§Yl§t| ng pointer - 8HRYNG its initiating neuron
and its assasirUNNINGeur on pointer, and so
f Thus, any neur, e fully expressed b
e@ééggilng its parts ?% or é? It is possible to Y
ckMCX 8 neural networ KSSLEBENG es representing

kpemtpdoe | earnt For ighaexapl e, if the foll ow ng
sentences of text are.i ;-
LUCY" I S" CRYI NG' UNDER'%#IIIBE#&E_E" .
JOHN'I S" PLAYI NG'| N' THE" PARKA.  PETER' IS"READING

Mﬁﬁt tesERb slcnsds WHat areSHl
H%WWF%F'RE ® ?Héé'?eﬁi I@#ER TS PLRY e

syRtetiqalvsyTRE and afgglep/all Serpatice NEATRABIRIBKONEA, it i s
PONJHEl e to create nelHBEOTABLEhat represent the

f ol i ng phrases or-ﬁﬁﬁp IS CRYING I S
d&’i‘ll"\l% IS READI NG | éﬂl‘—_lEPINGSISPLAYING 1S
TUNPERAEHEN t his case ™ Ras six successor neurons.
10 Similarly it is pmME1HEEto create the follow ng

- phrases or nenories: |NDER THE TABLE

THE SWING
THE PHONE

which provides for the possibility of generating 21 phrases/clauses of this nature ( 3x7)
which are all syntactically correct, but not all semantically correct.

Combining the two sets together gives the structure:
{*1S {*} (*) THE {*.

This provides for the expression of {5} IS {6} * {3} THE {7}, or 5x6x3x7 = 630 possible
expressions, having learnt only seven input sentences. Thus the neural model allows
the leamning and building a neural structﬁre of memories, and also allows the
combining of those neurons or memories into new expressions or behaviour, according
to user defined processes. The brain can explore new concepts or suggestions that
are syntactically possible with what has previously been learnt. With millions of
neurons, it is possible to express billions of syntactically correct sentences. That is, the
neural network structure provides an ideal method for creative expression.

By use of a neural network described above, it is possible to have a system that:

= is able to learn;
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UNDER THE TREE |IN THE PARK IN THE CHAIR 15 IN THE
RACE ON THE SWNG ON THE PHONE Thus LUCY is
associated with I'S CRYING but IS is associated with
six different 20 actions. By changing the expression
of alternative successor neurons for IS, it is
possible to express up to six different

phrases/cl auses: LUCY IS NG LUCY I'S RUNNI NG LUCY
'S READI NG 25 LUCY IS SLEEPING LUCY IS PLAYI NG LUCY
I'S TALKING Al t hough only the first phrase was ever
|earha§?xmsswon5%nab'?ﬂef—*5t he neural network, it is 30

p?SSsitd@ésehs*s&.&l&mstrbmmma@r JOHN, PETER and MARY.
Ef f

bas eﬁﬁ@tgﬁgu oo?nz,' L%Fégg%gygr%b&p%ﬁaa{%f);es& ons

LUCYs mpmtumw ¢BierdOHN 1S IS RUNNING MARY IS IS
READING LUCY IS IS SLEEPING 5 PETER IS IS PLAYING 1S

TALKI NG Therefore, it 0 ble t
36hysaReetyaR ﬁé@'gme'aﬁ%'éé P?ffﬁfﬁ‘ic'sl WE‘ P&?‘?f% S%?%cga[“?%g P ptch

Cibriag ©b of @sedn sdrgingingastdds| susteas driezarhplg, reanitoringtand predlc'hng

S&H?:IJ ﬁﬁéeyﬁloae(?ne%. Tﬁgn&%nm&hé, security, computer virus detection,
phrases in speech and text, clauses in speech and text, plagiarism detection, data
compression, and so forth.

The neural network structure and processes described above may be implemented in
software or hardware. If in hardwaré they may be part of a chip, all of a dedicated
chip, or an array of chips, all being elemental and or structural neurons. Elemental and

 structural neurons may be in part of the chip, or may be in a memory array of
dedicated neurons. As all neurons exist, upon the first pass of data the first elemental
neuron will learn the first element of the data. For example, the upper case letter “T” in -
the example used in Figure 7. The next elemental neuron would leamn the next
element of the data. Again using the example of Figure 7,the lower case letter “h".
And so forth. As the elemental neurons and those in the lower levels of the neural
network will be activated more frequently to create the associations in the deeper
levels, they may require faster processor speeds, for best performance. Neurons at
deeper levels will be activated less frequently and therefore could be stored in storage
with slower processor speeds.

Therefore, there is provided a neural network based on the concepts of neurons
including sensor and motor neurons, and synaptic connections. Each neuron in the
brain can be represented by a single node in an array or memory in a simple manner.
Neurons are fixed-length nodes in an array or memory. Each synaptic connection can
be represented by pointers to other neurons within each node. Neural nodes in the
array may consist solely and exclusively of pointers to other neurons in the data array.
However, motor or sensor neurons contain a sensor value or motor value for
interacting with the external environment. Each neuron contains connections to other
neurons. If desired, neurons may also maintain other information such as, for example,
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IN THE THE PARK UNDER THE THE CHAIR THE TREE THE
RACE 15 THE SW NG THE PHONE whi ch provi des for the
possibility of generating 21 phrases/cl auses of this
nature ( 3x7) which are all syntactically correct,

but not all semantically correct. 20 Conbi ning the two
sets together gives the structure: {*} IS {*} (*) THE
{*}. This provides for the pressi on of {5} IS {6}
{3} THE {7}, or 5x6x3x7 = 6%(() possi bl e

expressions, having learnt only seven in ut sent ences.
T8 frequeBcy il aFtiyRioRSHENS learnipg.dhe f{\ﬁ@e! %ﬁ?ﬁ?ﬁ&g\eyﬁas the number
botipretestgr Reureid) @ild s tidrih-ioassist @Focessingrand 3o beurad & the rules for

?%% mggﬁmgamﬁgggdﬁﬁg%ggg Ehose neurons or nenories

[o)
behaV|our according to user
defi ned processes. The brain can explore new concepts

OEIeﬁHﬁQQﬂJhﬁQScoHEﬁJondiﬁd o §éh§$r§\(bﬁ' |n¢o?dr| ﬂéuﬁ)ﬁ§ hi b6 dW rlel for
what has g’e dew ou

e to eyt xter B Hauasof ploropl oot Bvioss”

syntactically correct sentences. That is, the neural

NBlVRuka Sbtvoi&t dah %eﬂ&ﬁ}géeq{%ﬁ and bhﬂf%@illshﬁ&w‘ Qggeﬁ @®n the neurons

creat1ve expression. By of neur al networ
drnslsypaptiel agageigtions; withy %’Pﬁ’e%%’f? BI"‘é ff’b"'ﬁaat% the 'Ley'f?! ié‘ﬁ'\"i”FPa?"d
etraversing| the treulak @bihectidrs. /‘THeaseteorRriearns by wegliabidssdclations

??\5 n%% oRs, OIQAr%HI R&ﬁor{ ﬂ% FE?FesERQtEbn ge recamsanﬂréxpressed

| Cl en usa ora € Sspace;
agng exploration @ﬁﬂl&'!t'alel @Ff'#"'?"*‘eﬁ'ﬂq EPfé’h'Eat'm?? %Ersaw@aﬂons with
NethekPElirohsScan be fedalled & R EdseE. R&rbrsrcan refirésehtmedturies where

oL 07 H A nd ol orlnelB, b of use T varying

es suc , nmonitoring and
predicting
Interfacing with or learning or processing an experience of external sensory neuron

events and creating memories 6f input experiences is represented by neurons and by
new connections between neurons.

Interfacing with or learning or representing an activity of external motor neuron events
and creating memories of output actions is represented by new neurons and by new
connections between neurons.

The neural network can learn, it can express or recall or recollect memories, it can
interact or express itself with the external environment, and has the ability to think (a
process defined as exploring alternative neuron associations as described above) and

to express itself creatively.

The present invention also extends to a computer usable medium comprising a
computer program code or specially built digital processor chips customised.to cause
one or more processors to execute one or more functions to perform the methods

described above.



stock price novenents, Internet surveillance,

security, conputer virus detection, phrases in speech
and text, clauses in speech and text, plagiarism
detection, data 10 conpression, and so forth. The
neural network structure and processes descri bed above
may be inplenented in software or hardware. If in
hardware, they may be part g§ a chip, all of a

dedi cated <chip, or an array of chips aII being

el emental and or structural neur | and 1
WP e, g dsriv e orpORR deouieti B Rp<m B of
b ghel presentTvEation, Bwilldy understoetbydthdsedkileelin tredechAsiogy that many
neur [ f
R MeRlncandRO b o et RBtlon OFp Rl iy nfimace
dwmmmﬁn@ganwﬂapr@q%tlwpmn case I etter " f in the
exanpl e used In Figure 7. The next el enental neuron
woul d I earn the next elenment of the data Again using
t he exanple of Figure 7,the |ower case letter h™. 20
And so forth. As the el enental neurons and those in
the I ower levels of the neural network will be
activated nore frequently to create the associations
in the deeper Ilevels, they may require faster
processor speeds, for best perfornmance. Neurons at
deeper levels will be activated |ess frequently and
therefore could be stored in storage wth slower
processor speeds. 25 Therefore, there is provided a
neural network based on the concepts of neurons
i ncl udi ng sensor and notor neurons, and synaptic
connections. Each neuron in the brain can be
represented by a single node in an array or menory in
a sinple manner. Neurons are fixed-length nodes in an
array or nmenory. Each synaptic connection can 30 be
represented by pointers to other neurons within each
node. Neural nodes in the array may consist solely
and exclusively of pointers to other neurons in the
data array. However, notor or Sensor neurons contain
a sensor value or notor value for interacting with
the external environnent. Each neuron contains
connections to other neurons. If desired, neurons may
al so nmaintain other information such as, for exanple,
28 the frequency of activation during |earning, the
nunber successor neurons, the nunber of precessor
neurons, and so forth, to assist processing and to be
used in the rules for
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creating associations, and for expression. 5 El enental
neurons, corresponding to sensory or notor neurons can
be defined for interfacing to and interacting with
external input devices or external output devices The
neural network can be represented and

bui l t/constructed based on the neurons and synaptic
associ ations, with appropriat¥® rules for creating the
neural structure and 10 traversing the neura
connections. The network | earns by creating

BeS®laingd | ons bet ween neurons. For any neuron, its
representation can be recalled and expressed, and
expl A atificsa neliranhétivolcompasiagi at i ons and per nut ati ons

of its associations, with other neurons can be

r ecafa) ed oo plevafity@fs@dondNeur ons can represent nenories,
where a nenory is defined as the expression of a

neur®h. 15eachobtheaptiraligy efinehrops beiegrmrovgsser with oee®sy angl being in
an experience of external sensory neuron events and
creating nmsvfd¥es of i nput experiences is represented

by neurons and b& new connections between neurons. 20

| nt et aci e Rlufal o NEWRRHENRPSINgAcvralie At §lergenipl neurons and a

nal tor neuron events and creating

activity of exte
menori es dﬂwBﬁYBL$“ﬁ%T?8ﬁ§°P§ represented by new
L bet . _The, :
neur 88 necSlstam et anf SR, Eand BoE SRntiGe M By pftiGieted wit
[ ELS, ] ' L
Foel v tieiRet 8 drionfit dnd Akl BpBichs 06 2GR B fectons:

abi | feh Yt Oedchioincfal ni B5g Efrgiey 1gis expl or i ng

al ternative neuron associ ations escri bed above)
and to expressreplesitla UniRBlinpieldue iMRNO BRRERheural network, the
i nvention al so extends to a conputer usable nmedi um
conprising a 3hiqenaliedeingrad @astonecercted fropahé glouy consisting
built digital processor chips custom sed. to cause
one or nore prodesstigngus, an exat Hventsesenuenaie a pattern, a
functions to performthe nmethods described above. 29
Wi | st t here haseduerae of events, lae ¢lementah stimulvus @iefined elemental
description preferred enbodi nents of the present
invention, it wpatterpa dgfirpsreleraenialisata alemsent skdpasicdapyt stimulus,
the technol ogy that many variations or nodifications
is details of d¥dPutRtsipyiueefipfameatiop beipgPrasassedianse
made . : ,

(ii) express that unique value as an output when activated by a

structural neuron;
H each structural neuron being configured to:
(i) receive input from a pair of neurons of the plurality of neurons and with
which it is an associating neuron; and
(i) express that input as an output to that pair of neurons to activate the pair of

neurons for expression.

2. An artificial neural network as claimed in claim 1, wherein any one of the plurality of

neurons is able to associate with a neuron in the plurality of neurons via the active
connections to a further neuron in the plurality of neurons, the further neuron being

one of the plurality of structural neurons.
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wi t hout departing fromthe present invention. 5 30

The Cains 1. An artificial neural network conprising:
(a) a plurality of neurons, (b) each of the plurality
of neurons being a processor with nenory and being in
5 an array; (c) the plurality of neurons conprising a
plurality of elenental neurons and a plurality of
structural neurons; (d) all @&lenental and structura
neurons being configured to be associated with others
of the elenmental and structural neurons via active

FONNREhHiARA nedr@l Aok 36 Biafh&HTR Blafh 1 BRLILIRTR, RfleRbh each structural
configured to: (i) represent a unique |nput val ue into

t he @durdrf repiedénts BidlcBmbMel WMisrnatiéI6F patiérng BE thédaltef h@r&& with
at | east one selected fromthe group consisting of:

st i nuhictsit associatesNthe stevurblneuonIecHMMCiApUtirof tﬁabélemmeua)ns.

sequence of events, an elenental stinulus, a defined

&| endmadificid heprat network aa chefhedie dngbmnefittairths tl&d 3 wherein the

el enent, a basic input stinmulus, and an output

st i nplurakity of elementaimeuions isoieiarigotpevetefdkestiural metwork. )

express that uni que value as an out put when acti vated

Dy An atificiRlngral "erﬁ‘é‘enké‘ﬁ c'a‘("l*)d i @phorg fieains Ao hevhersin the pair of

bei ng configured to: receive input from a pai

of NI LopPrigaseat iﬂaétr%ﬂel SFI?CGP frﬁ@i}h% A®ug [ensiting of: %P@H‘e“ta'
is an a3300|at|qganeuro

| npute R S BT evwatarb%?mefz&$ G SRG o ts “%tﬂia’ iy
the &ﬁ'c{ur%qfneurgﬁg é’Qr? ele% at%f(rpeu crn aRd i stzt\ﬁqural neHron an%g séructural

neura erein any
of thep urality of 25 neurons is able to associate
with a neuron in the plurality of neurons via the

@ACt i XS artif QA MeGal MhRork As %lafn‘ﬂéot h%ﬁy 9@5%%@1 ¥ wherein each of
plurality of neurons, the further neuron being
the plurality of neurons is one or more selected from the group consisting of: initiating
neuron, associated neuron, and associating néuron; an initiating neuron being
associated with an associated neuron via connections to the associating neuron.

7. An artificial neural network as claimed in claim 6, wherein the initiating neuron, the
associated neuron and the associating neuron are connected based on proximal
characteristics, the proximal characteristics being at least one of: temporal, spatial,
intensity, magnitude and relative position of the input being processed.

8. An artificial neural network as claimed in claim 6 or claim 7, wherein each initiating
neuron is able to associate with a plurality of associated neurons to form a plurality of
pairs of neurons.

9. An artificial neural network as claimed in any one of claims 6 to 8, wherein each
associated neuron is able to associate with a plurality of initiating neurons to form a
plurality of pairs of neurons.

10.  An artificial neural network as claimed in any one of claims 6 to 9, wherein when an

initiating neuron receives input and an associated neuron receives input, the inputs

are transmitted to all associating neurons of the initiating neuron and the associated
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one of the plurality of structural neurons. 31 3. An
artificial neural network as clainmed in claim1l or
claim 2, wherein each structural neuron represents the
conbi ned information of patterns by the pair of
neurons wth which it associates, the structura
neuron receiving input fromthe pair of neurons. 4.
An artificial neural network33s clainmed in any one of
claims 1 to 3, wherein the 5 plurality of el enental
neurons is in a root |level of the neural network. 5.

AN aidurdd, ﬁieadss&ﬁé{ﬁ\élnet%ﬁ WPBdth B |ﬁ{|éﬁn8‘ﬁgur‘oﬂ aAMheM3Soted
claims 1'to 4, wherein the pair of neurons conprises

at | aedn tAEeb&iRY 8&ivadd bhe Beihd)8blg kDpHBdWRsipet.i ng of © an

el emental neuron and an el emental neuron, an

. e nemarificial @surahnetnsrk as slaimeet inkcalm M@ Wwherein the associated neuron is
structural neuron and an el enental neuron, and a

st r uaxttivated ambableto podlica ostputiotaumariner dedeatesfram the@roufyconsisting
artificial neural network as clainmed in any one of

cl ai 9fsatthe sanme timgag tieinitating nedron tand aferithe Initiafingfeuron.
neurons is one or nore selected fromthe g roug . o
Ponsii P”'ﬁ@a'@ﬁural pRtverk@p ﬁ@'m%’e'[] c@im 1@ esdrimaklewhereinitmactivation
and associ ati ng neuron; an |n|t|at|ng neur on belng

as s o¥iPERAuGtiIon qfRutpHt ofdhsipitigingneyEqm A he 2sSEERRE ApYIBR s also

to the ssoci at | n 15 7. An artificial neura
netvx?ﬂ'sﬁ gpaxgnqlrgrgar ﬁ ?3‘7 m 6, wherein the initiating
&euar artlF 5 neu I’%?IQQW%S( ag cre]:\ |n c amgi 1£ erelﬁc'%%lproxnmg activation of

neur on are connec base on Prox

char 4 &d et A&f%u ‘uhf?orf?Er%’ﬂh:ﬂ&lng%@rroﬂ%@EHeSatsk&c?ath?hélﬂorﬁéauses |

| east one o ora Intensity,

and 4i6bAt brYeese‘i&?édtﬂ'd?rnth@ rJJbQ:thP( Pob%@&e&fdﬁ%?§$t@ﬂ -as&bciating
An artificial neural netvvor as clainmed in claim6 or

cl ai mufon MheHeadxiststagdthériwithi ndivi JognecBOng Wi edh the indtlatisg heliron
associate with a plurality of associated neurons to

f or narad thé newhsdogiating nguaon anditfetwen ther assobiatedmeuron and the new
artificial neural network as clained in any one of

cl ai asso@ating r@uronhtbe sirengtkening of existirigatoptkeatiens ketwéeen thé indiating
to associate with a plurality of initiating neurons to :
f or nfeuromang the pespcigtingyguren a5fd hedugedrite agsgeiatgd nayron and the
artificial neural network as clainmed in any one of

cl ai ?l%sogatﬂf@ ngurafy, andkstrengivening Af the ﬁ?stoic'é‘f'”gn’@ja%hr on

ecej ves, | ut and an as ron receives

{4opu! Al GSEk 2 EITe R T Sovbirai TeyeratteTig s by

neur ons, of. thfa initi atlpgf neur.on and thq associ at ed
maintaining a frequency count of how oftén the associating neuron recelves input
from the initiating neuron and the associated neuron.

15.  An artificial neural network as claimed in any one of claims 6 to 14, wherein the
associating neuron represents the sum of what is represented by the initiating
neuron and the associated neuron.

16.  An artificial neural network as claimed in any one of claims 6 to 15, wherein once the

associating neuron represents a result, the result need not be created in another

neuron.
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32 neuron, the associating neuron of both the
initiating neuron and the associated neuron then

bei ng activated and being able to produce output. 11.

An artificial neural network as clainmed in claim 10,
wherein the associated neuron is activated and abl e

to produce output in a manner selected fromthe group
consisting 5 of: at the sam@3time as the initiating
neuron, and after the initiating neuron. 12. An
artificial neural network as clainmed in claim 10 or

7 al M dditiciaMRgiraI MethdIR adelainvedlih Ry oY of RIAAASIE td ) whkrein the
output of the initiating neuron and the associ at ed

neur giiraiity obéléMentBlarambne i hfigurédio: RREIVESN RPutdd tresartiflbil neural
An artificial neural network as clainmed in claim 12,

wher redtwork hendpiravidenaill ougatit frorathecartifiial nd@ralatetyasrduct i on

of output fromthe initiating neuron and the

s s ofn artiicial meunabmeteerk sie slaingd ih eas oneoofelaines ¢ ¢d €M whewin all
the group consisting of: the creation of a new

ass otdusnisiigpresratipideast Pnyofhealeinfermatioyancheatierd: ehd pegessing is
connections between the initiating neuron and the new
assortileast eng ofcansariatie dreBOnGeXArestig RePHE |°é[‘%ﬂ°’??é’d!ﬂb‘ﬁh'°h a
and the new associating neuron, the stren thenln

exi sHHUTHH BRHER BFI9REISeTNRRISRIRY Hhe alugtinRENatign ﬁé

and t he ass a]tl ng_neur on and between the associ at ed
neur@ﬂmﬁﬁﬁ ?ﬁ% e@§§86¥3¥”ﬁg neuron, and strengthening

‘Rj Rr‘? ﬁr%ﬁaa%l fiIaI ﬁ%w&? lég gf;lme]dzl“ g ﬁ\aﬂ% 6f'c é rﬂgﬁ‘lto ?@ l\ﬁh%l’em a level of
St r et%?‘n@@:’al 6r§ |sbé’dee|5§f' IBLQMhHQheanJLEQ%H%WstREHH if cgunng

how often t assocl atl ng neuron recel ves I nput

the Luprdssihi rﬂ&e%?e%%% RRGrdde e?&é%éh%ﬂweﬂ%ﬂﬁ&ﬂon@tﬂat it
15. An artificial neural network as clained in any one

of clepiedBntd. t0o 14, wherein the associating neuron
represents the sumof what is represented by the _
2mi t Aabitifical neenal mstwerk ais iclagneatsia clainatl 2,0vheeein associafing A\pair of
artificial neural network as clained in any one of

cl ai muréhstipleamjngwanrat @ipressing @ paifef nelgstsds akpragsianeur on
represents a result, the result need not be created in
Zinot Ar prtifidal meuiabretwarg as tlrimeshin gleim fl . cvherein theraglificial neural
network as clainmed in any one of clains 1 to 16,

wher %?tW°rﬂ‘r'r%b'pﬂ'r9?tt§’P?'t“X)thcﬁ opyasyEE® PeiR@ [$RBYRg. pad a reverse mode

confjgured to: receive all input to the artificial
neur ng expressmn.

22.  An artificial neural network as claimed in any one of claims 1 to 21, wherein the
artificial neural network stores associations and not input data and represents
patterns within patterns of associations.

23.  An artificial neural network as claimed in any one of claims 1 to 22, .wherein each
elemental neuron is selected from the group consisting of: a sensor neuron and a
motor neuron.

24. An attificial neural network as claimed in any one of claims 1 to 23, wherein each
structural neuron represents a plurality of elemental neurons.

25.  An artificial neural network as claimed in any one of claims 1 to 24, wherein each of

the plurality of neurons is able to be expressed.
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network, and provide all output fromthe artificia
neural network. 18. An artificial neural network as
claimed in any one of claims 1 to 17, wherein all 5
neurons represent at |east one of: value, information
and pattern; and processing is at |east one of:

associ ating neurons, expressing the pair of neurons
with which a structural neudfn associates, and
expressing the value information or pattern

represented by el enental neurons. 19. An artificia
28eUr & arfiRiiaMaklrabrfetdrR a8 BRlinkdd iR Biy SmtEofiaifé #itd1B5 WhkRin the
18, wherein a level of 10 the neural network is a
deeprimbetufdieniéritdlinBulohe an®stiuturaiGeWRh s regulréclorthe mdmory is
during expression, nore steps are required to express
t he delteaemietidly thecnatura of thedrput to bergpeesseht s. 20. An
artificial neural network as clainmed in claim 17,
AfherAs artiteiad oedrak netyork ap gleimesfin aneomeofslaings Il éa2thiwhgrein the
and expressing a pair of neurons is expression. 15 21.
An dnemery ds taistareafranuensy abiiereived iopws.med in cl ai m 19,
wherein the artificial neural network is

261 - VUGB ARHLRSHET 2 BRI B OURaTRn Fas LR s e i
neur it 2k AEkose Tepp rr?fﬁvsé.f?g%%é of claims 1 to

2t AT ol ek b Safhesd}t S a8 SHAREE RSB pointers
b1 Pl odnfet I At o HERISH h@éﬁ?" ARuePAiAS g ropresent

cl ai BodatloRs 22, Wherein each elenmental neuron is
selected fromthe group consisting of: a sensor neuron

Nd £ aliRif he 8 ARork 44 clafhﬂboqﬁ tlalrh 88 8t cléimgal/vh&%tn%'ﬁ pointer
as claimed in any one of claims 1 to 23, wherein each

25 dgh eadt nodelcontalns anleastipne seletted &rofl thig @loup yor@isting of: an address
el emental neurons. 25. An artificial neural network as
cl ai ofedother reaayono ae elemectabvaiee for aroel@dentalrerueim andia freqdfency
the plurality of neurons is able to be expressed. 34
26. gmantartificial neural network as clainmed in any one
of clains 1 to 25, wherein the nunber of el emental
Heurhartitigid ngural ratwerk s glajmestis anyong ofetpime 28 tan30., whatginthe
is determned by the nature of the input to be
pr ocitmbeq of pointers’depends on a function being performed by the artificial neural

network, the number of pointers for each neuron being at least two.

32. An artificial neural network as claimed in any one of claims 28 to 31, wherein a
function of each pointer to a neuron is selected from the group consisting of:
initiating, associating, successor, next successor of the initiating neuron, precessor,
and next precessor of the associating neuron.

33. An artificial neural network as claimed in any one of claims 28 to 32, wherein at least
one pointer for an elemental neuron represents elemental values.

34. An artificial neural network as claimed in any one of claims 28 to 33, wherein all
neurons are a fixed length addressable node in the array.

35. An artificial neural network as claimed in any one of claims 1 to 34, wherein the

artificial neural network is used for at least one selected from the group consisting of:
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27. An artificial neural network as clained in any one

of clains 1 to 26, wherein the 5 nenory is to store a
frequency of received inputs. 28. An artificial neura
network as clainmed in claim®6, wherein each neuron is

a node in the array, each node having a plurality of
pointers. 29. An artificial neural network as clained

in claim28, wherein the plurdglity of poi nters

conprises two pointers for providing expression and
further pointers to represent 10 associations. 30. An

ar t i fhbitorhg BRAIprabichirRf steikiorias meléthéemel intBrmet firnvBilkk@ce) Internet
clai m 29, wherein each pointer in each node contai ns

at | saaiity ommpaidr eedsdbtdotioncoMmPui@r Span Ga18&ioR | phingsed fini spddch and
address of another neuron, an elenental value for an

el entextt elbusesin speeclaacd @xt, plagiassn detectmanbioinfobmatics, vision
artificial neural network as clainmed in any one of

cl ai iesogr@ionosedigntioasalysis) repnesentatiohefrdatef orjalpgies rabotics, and data
depends on a function being perforned by the

ar t i gamgressioReur al  network, the number of pointers for

each neuron being at |east two. 32. An artificia
Heur AP a’ﬁ'&‘t"%‘rekraéget\‘!i’%cﬁ@a”?"ﬂﬁ any one of clainms 28 to

erei unction of each pointer to a neuron is
sele@$ daPFﬁﬂm& @eﬁwaﬁp consisting of: 20 initiating,

o CBhE R o REEEY Bl s G e yribdtarnay apg beina
t he assoghgﬁ% 9 neuron 33. An art|f|C|aI neur a
network as cldinmed in any one of clains 28 to 32,

wher hn
&N #ed Lﬁélﬁ)trofr%ﬂ?onegbﬂbﬁsﬁn :.S’Bluf’aqtgrtlgﬁtéhé ndlfrdHs

represents el enental val ues neur a

net wor k gty SRGEwrAl dongne of clains 28 to 33,
wher ei n aII 25 neurons are a fixed | ength addressabl e

node(d) n aihelementayand3bructral Asdrods i) configuréd toretasssdiatéd with
claimed in any one of clainms 1 to 34, wherein the

artifi ci elhersanfithe elere¢ntalrakd issucigrelthduams ata dotiestonnaetions;

sel ected fromthe group consisting of: 35 nonitoring
and (&) edkach elgmentamieurpnibeimgeonfiaweastts; | nt er net
surveillance, Internet security, conputer virus

det ek i orﬁpr%ssﬁbmv@ﬁues\@ém ahia tedeiinnyt '%WQ@&%‘C'?W%‘@QEWOFK
and text, clauses in speech and text, plagiarism

det ect i ofYSIT df‘%f"aﬂh’f-"a\fq"éf‘sbe"iﬂ et 2 ?t@%‘gﬁqia'f YL events, a

semantic anaIXSJs resentatlop daﬂﬁ ont ol ogi es,
robotics ,SG%H‘?B lgtaaoatte n or sequence 0 events

(ii)  express that unique value as an output; and

1)) each structural neuron being configured to receive input from a pair of neurons
with which it is associating, the pair of neurons being selected from the group
consisting of: both elemental neurons, both structural neurons, one structural
and one elemental neuron, and one elemental neuron and one structural
neuron.

37.  An artificial neural network as claimed in claim 36, wherein the plurality of elemental
neurons are in a root level of the neural network, and each elemental neuron
represents a unique value, the unique value being at least one selected from the

group consisting of: a stimulus, an event, events, a sequence in a pattern, a
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5 conpression. 36. An artificial neural network
conprising: (a) a plurality of neurons, (b) each of
the plurality of neurons being a processor with nenory
and being in an array; 10 (c) the plurality of
neurons conprising a plurality of el enmental neurons
and a plurality of structural neurons; (d) al
el emental and structural neusBns being configured to
be associated with others of the elenental and
structural neurons via active connections; (e) each
el enpaliélcede BV, BR elRehehNStintliNisS dbiedRerbdntall B8R SPHdfined
a uni que val ue able to be i nput into the art|P|C|a
neuraémértiivatdelerfiara! £basid ilput i @us, anadlad utpat stnuidsf iffdrmation
a stimulus, an event, events, a sequence in a pattern
or dwinggeeesedd.events; and (ii) express that unique
val ue as an output; and (f) each structural neuron
IBei My artifidial gavrebhetwork @s elaimeedi impiatm 86 omalaimi wherkin each
neurons 20 with which it is associating, the pair of
neurg¢rgeniaingyrosds sadecied frany thetdreupgiopsiptingcbrssesserngursh:and a
both el emental neurons, both structural neurons, one
st r UBPQr 3Urond one el emental neuron, and one

and one structural neurop

B ¢ TR altgial et Teiark as Flamact PRy e oS 36 fo s wherein al
wh th nt 25

e SR rBat 8t ede 0Bt off VTR Mty R pad Ergpaksin is
U Bk Y 5°53b3RgALANE plskFng hOal B Eodkaliti S o

ing a t95Re gl ect ed oup consi

of : ﬁru%ﬁﬁrﬁme&’rén aédd a8 Mnd &}Sferéglﬁg tHd v%ﬁgLi'rﬁG%tlbﬁ] o@pattern

pattern, a sequence of events, an el enment

Sti FPéb,lé§ent§d gge§|émg,§aﬁ{eg|:@gt al pattern, a def i ned
el enrental data el enent, a basic input stinulus, and an

40ut pAr artifidiainkbural maftwd)rnfag clmidddn anpeneef c[lfrﬁs:%?tbem wBérein neuron
An artificial neural network as clainmed in claim 36 or
cl ai ams@diationk aregepresentéd i agll@aity bdeeperuneoral lesels gthe otraber of
fromthe group consisting of: a sensor neuron and a
levels in the plurality of deeper levels being determined by the extent of the pattern to
be processed or expressed, where a structural neuron represents a plurality of '
elemental neurons.

41.  An artificial neural network as claimed in claim 40, wherein the number of elemental
neurons and structural neurons required for the memory is determined by the nature
of the input to be processed.

42. An artificial neural network as claimed in any one of claims 36 to 41, wherein any
one of the plurality of neurons is able to associate with a neuron in the plurality of
neurons via the active connections to a further neuron in the plurality of neurons, the
further neuron being one of the plurality of structural neurons.

43. An artificial neural network as claimed in any one of claims 36 to 42, wherein the

artificial neural network is bi-directional with a forward mode being learning, and a

reverse mode being expression.
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not or neuron. 39. An artificial neural network as
clainmed in any one of clains 36 to 38, wherein al

neurons represent at |east one of: value, informtion
and pattern; and processing is at |east one of:
associ ati ng neurons, expressing the pair of neurons

with which a 10 structural neuron associ ates, and
expressing the value informatfon or pattern

represented by el enental neurons. 40. An artificial
neural network as clainmed in any one of clains 36 to

449, NNSHifdid nBEdl RidworR 98 @Rindd iR BRy ScoflcRIhE SE 1L 20 whérem the
plurality of deeper neural |evels; the nunber of

| evedrsfididd nédtal idhwdrR btotes asboditRioneand mit @lpat ditd 8@ represents
determined by the extent of the pattern to 15 be

pr ocestead vathingpaiteds seaksoviittone. a st ruct ural neuron
represents a plurality of elenmental neurons. 41. An

4 t i An aitibdial meunabihetwerk we clainzesl io lany omdoficiairo$ 36 tn 440 wherein each of
wherein the nunber of elenmental neurons and

st r utbe aluslityad newnss isableite b6 ekpressede nenory is

determ ned by the nature of the input to be

48 ochr adificial pgurabnetwprk £pMPRSiRg:al neural network as

claimed in any ogne of clainms 36 to 41, wherein any

one & t AGVRAIAPEYPNSf neurons is able to associate
with neuron..in th urality. of neurons via the I
nct1 68 CERhER ooy B Bk GG iy Snd being i
plurality of neurons, the further neuron being one of

t he pluralltfnof structural neurons. 43. An artificia

neural n . : ™ .
15 ) U8B P LAYy
bi - di r ecpi,RMNFof Yridiurd eQfongr d mode bei ng | earni ng, and

a reverse node being expression. 37 44. An

artifdyci all ele@uental andetrabtutal Asureisieligttohfyupdtyto @@@sSdciated with
claims 36 to 43, wherein the artificial neural network

st or es asthewidiitHeasmental and struatpaltnedaina viaradtiveoqoheswinohs
patterns within patterns of associations. 45. An

ar t i fe) ci ahchrademeritaimetingo bkingsonflgareddd i n any one of
clainms 36 to 44, wherein each of 5 the plurality of
neurons [k ali¢rsesent denigyerratussaie o4, inpwh indg the fartificial neural

neural network conprising: (a) a plurality of
neur ons, network system, the unique’value being at least one selected from the

group consisting of: a stimulus, an event, events, a sequence in a
pattern, a sequence of events, an elemental stimulus, a defined
elemental pattern, a defined elemental data element, a basic input
stimulus, and an output stimulus of information being processed; and
(i)  express that unique value as an output;
f) all of the plurality of structural neurons being able to be expressed in terms of
the elemental neurons from which they were derived or represent.
47.  An artificial neural network as claimed in claim 46, wherein the artificial neural
network is bi-directional with a forward mode being learning, and a reverse mode

being expression.
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(b) each of the plurality of neurons being a processor
with nenory and being in an array; 10 (c) the

plurality of neurons conprising a plurality of

el emental neurons and a plurality of structura

neurons; (d) all elenental and structural neurons

bei ng conflgured to be associated wwth others of the

el enental and structural neusd8ns via active

connections; (e) each el enental neuron being

configured to: 15 (i) represent a unique value able to

4 | APHtifidid heurah®etRérk iab kainfdd ineInRk46 oﬂ&énW?kwﬁé!r%InQﬁé artnfcual
the uni que val ue being at | east one selected fromt

gr oUieued) ASIBEK $16re® bissodiaBdrisBmldudt inpuit dRIEANd, re€34BIRES patﬁarns within
sequence in a pattern, a sequence of events, an

el enmatteeds of bssvaiations. a defined elenental pattern, a
defined el enental data el enment, a basic input 20

4 i nivh arficial mgurahnetwerp @s citmerih apy ofie ofrfaimsd® tood8, bered the
processed; and (ii) ress that unique value as an

out praural mytwarh is @f-dlteﬁéorpfwﬁfaaﬂ elgmentalgrettpns beiap ahlede expsess their
being able to be expressed in terns of the el enental

neur YABEMRIYRIUGRI 2PH afl BEYCtialneumasibeiag able tp grrassepair of neurons
An ar$|f|0| neural network as clainmed in claim 46,

mherﬁ'hw?ﬂb%SY??¥F@I neural 25 network is |
i -d . f d de b I ,
%II-rebéﬁ@ﬁc'%aagra%em%cgé’eéI“s@rigs. onC3ne a8, a9 o
I k I d I 46
art'ﬁ?ﬁ§gbwﬁ§§&9 @ﬁhyor as clained in claim or

cl ai ‘artificial neural network stores

assog) at L ﬂ’fédpltﬂgﬁ b Wddkon g%ﬁ\g %rwoaeega}% ofy and being a

patterns wthin pat erns of assSoci ati ons.
artificigddengdhakappet work as clained in any one of
clains 46 to 48, erein the 5 neural network is

- dicy e cthiehadlitydftrieumint cerhprsinyt saplumy bdsismbetang:uedisand a
to express their elenmental values, and all structura
neur ons bplerality chbtruetural rempngss a pair of neurons wth
whi ch they associate. 50. An artificial neural network
Cor‘rpﬁdi) si Alpelementyl andsiruetatal nqurests bheingroonfigured to be associated with

others of the elemental and structural neurons via connections;

(e) the artificial neural network being bi-directional and being able to operate in a
forward mode where structural neurons are created from input events from the
elemental neurons, and in a reverse mode where input events are expressed
by the elemental neurons.

51.  An artificial neural network as claimed in claim 50, wherein the forward mode is
learning, and the reverse direction is expression.

52. An artificial neural network as claimed in claim 51 or claim 52, wherein the neural
network stores associations and not input data.

53. An artificial neural network as claimed in any one of claims 50 to 52, wherein the
neural network represents and recognizes patterns within patterns of associations.

54. A neuronal assembly of an artificial neural network, the neuronal assembly

comprising an initiating neuron, an associated neuron, and an associating neuron
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10 (b) each of the plurality of neurons being a

processor with nenory and being a node in an array;

(c) the plurality of neurons conprising a plurality of

el emental neurons and a plurality of structura

neurons; (d) all elenmental and structural neurons

bei ng configured to be associated with 15 others of

the el emental and structural 38eurons via connecti ons;

(e) the artificial neural network being bi-directiona

and being able to operate in a forward node where

St I Wplktidely BSHAEEIBE with eheGihiBAtn@thelifdArnt U ssBMSRY PelibRthe
the elenental neurons, and in a reverse node where

I NP Uss@itinG HedoR réte¥edtintitle sbiy of RAatal RIPRsteated BY tHeOAiBating

20 51. An artificial neural network as clained in

cl airmeubdd, andhier assbcibitee néaromgand omoel thel ssodidiay hemgn repackents a
the reverse direction is expression. 52. An artificia
neurresulthtiiewesud naed odtdiermeehtédchinanather Asrar. ¢l ai m 52,

wherein the neural network stores associations and

Sfot A nguienal assembly:s glaimad in dlaini 54} whergindhe aréificial nkuraknetwork is
clainmed in any one of clainms 50 to 52, wherein the 25
neurafi clafBedisraey cep PEIAMES 1884 r ecogni zes patterns

within patterns of associations. 54, A neuraqgnal o
5&53@%6?‘$°’&* asRe ML 3t Glaimat INfRIMa4 9 &Rl PR, WheRRIN Waen 8 gjtiating
assenbly conpri.si n initiating neuron, an .

2o s UTNIECaNES A e a7podaBU SRR AereNER ITBHL 4 inouts are
oper gl ¥ited t&%f‘&%%i%_g‘ﬂeh%ng Bfink E‘Ait‘iaiﬁ%‘% hBSoR §H4 R 20 iated
t he asSociated neuron, € ~assocl atlng neuron

" CP AN inRGhsbdtearil Rbbn BhEn I (HERNEHEREA Al hel dSociated
initiating neuron and the associated neuron, and once

the RRaMCh! bdity ARV4RA ahE@BEIRS SHIL Bo Frodlic®itdut. t he
result need not be created in another neuron. 5 55. A

gTeUr D Rédroes assehibly AScldimadl eslaim b6 Whérdindle asdoeiaRidmelifdh is able
artificial neural network is as clainmed in any one of

cl aitowrddut®oput irh& maAnerasetenteal froarsthe hduy calsistingiofrat thersame
claimb54 or claimb55, wherein when an initiating

neurtonre astbeiniteding nguron, and afier the idiating maliroTeur on

receives input, the inputs are transmtted to al

38s s ot heurpral aprembhnas eidimed in ¢laimt6aariclagm Aéuwherneia the actieation of or
associ ated 10 neuron, the associating neuron of both

t he Rradygngtaf ﬁ@tthef[ppbﬂf the iitiatirg spuse-and the associated neuron is based

on proximal characteristics.

59. A neuronal assembly as claimed in claim 58, wherein the proximal activation of or
producing of output from the initiating neuron and the associated neuron causes at
least one selected from the group consisting of: the creation of a new associating
neuron if none exists together with new connections between the initiating neuron
and the new associating neuron and between the associated neuron and the new
associating neuron, the strengthening of existing connections between the initiating
neuron and the associating neuron and between the associated neuron and the
associating neuron, and strengthening of the associating neuron.

60. A method for creating an association of neurons in an artificial neural network having

a plurality of neurons, enee one of the plurality of neurons being an initiating neuron,
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neuron then being activated and being able to produce

output. 57. A neuronal assenbly as clained in claim

56, wherein the associated neuron is able to produce

output in a manner selected fromthe group consisting

of: at the sanme tinme as the initiating neuron, and

after the initiating neuron. 15 58. A neurona

assenbly as clained in claim46 or claimb57, wherein

the activation of or producing of output fromof the

initiating neuron and the associ ated neuron is based

ON Par¥eBf the PRFAIGL Ehedlohs Bein®8n adsobRitdMRBlondPERINIY connected

as clained in claimb58, wherein the proximal

act i wigd the mittin® heurpr, @AY @ifirghe@ he@bh pithe blugditydi@eurons being an

initiating neuron and the associ ated neuron causes at

20 | zastiathgmesainapbativdly cannktted gitb thz isibatiig ieurog aad the

the creation of a new associating neuron if none

exi sassotiaigd nhemon\the methed comprisind:i ons bet ween t he

initiating neuron and the new associating neuron and

bet veatiMatinger ardueingar eutaetffoonthe initiating newson toppiantiatattheg

neuron, the strengthening of existing connections

bet v@SSACEYNY NeNrA 81 ng  neuron and the associ ating

neuron and between the associ ated neuron and the 25

assogNRINeP" REGHERY a AP roahige RetackiEditeurqido potentiate and

associat.i neur.on. 60. met hod for creating an .

s s ot e SRoratedRYann g Reskated prdp e Pad Retaiseiend

havi rali n ) . .
%ﬁ? {o?)r%#dée%n oué)u ,fthe aeségcggtﬁ\g n fi)gntnl%r}gse%é@ {g\%suwdﬁ what is

pl ur neurons "bein n rni .
anot QSFesQ{tjﬁe& Bﬁ tHl iMfi:ﬂinPﬁ%ur‘aﬂ aRE He U3 o 2RE AR 0, anij1 once the
associ ated neuron operatively connected wth the

I ni thQbidthgHaFdNtepreBhtda Fslk RS rddBiVhENY ik bk BRated in another
plurality of neurons being an associating neuron

oper gdursrel y connected with the initiating neuron and

the associated neuron; the nethod conprising: 5

gict | Aatethngl asrcigimed inciaing 6anwisartip tife dssociatingeneurontis etpresged by
neuron to potentiate the associating neuron; and

act i thataissagiating pewdn expmessing theinjiiating meyinort angl the sgsoriateddheuron.
neuron to potentiate and activate the associating

§% ur d methadeaspiaimed i dlaiy Qe clgim ehevhersin thg agsaciales rayron is

and aple to produce an output; the associating neuron

r epr 3S¥AEH REPOAECEs @hoygtPuliR & Manner pelpden BB HiegtioyR conpisting of: at
initjating neuron and.the associated neuron, and once

the tESEBEITAE 35gNELRE Fopre 880 pReT i BURYNG nefog.

ése S uktmert]heo%dasnc?atimgg incarn$%tng %f J:Igllm%%%ttg 85 wherein the activation of or
producing an output by the initiating neuron and the activation of or producing an
output by the associated neuron is based on proximal characteristics.

64. A method as claimed in claim 63, wherein the proximal activation of or producing
output from the initiating neuron and the associated neuron causes at least one
selected from the group consisting of: the creation of a new associating neuron if
none exists together with new connections between the initiating neuron and the new
associating neuron and between the associated neuron and the new associating

neuron, the strengthening of existing connections between the initiating neuron and
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neuron. 61. A nethod as clained in claim60, wherein
the associating neuron is expressed by the

associ ating neuron expressing the initiating neuron

and the associ ated neuron. 15 62. A nethod as cl ai ned
in claim60 or claim®61l, wherein the associated neuron
is activated or produces an output in a manner

sel ected fromthe group considdting of: at the same
tinme as the initiating neuron, and after the

initiating neuron. 63. A nethod as clained in any one
of CthailaBFocliing ReRén aVdtRédh th BsdfelateidelRA Al tIRY associating
produci ng an output by the initiating neuron and the
act i airdr Bnd btréNgtHehing bEthe Gissdtiatin@ neubut by the

associ ated neuron is based on proxi mal

65har Aoiettiadsdsiczimedith.anfone bihgaima 80 ¢d 64, mbdrdimthe lagsotiatifg neuron
wherein the proximal activation of or producing

out preprelsentathersam ofivthiabisileagntfirooy the initiating hevrersaratthe bswbciated
neuron causes at | east one selected fromthe group
consh&dmg of: the creation of a new associ ating

neuron if none exjsts together with new connections
§%et wo Biethadesicaimediniciaim §4UvRsiein Aace the nAw@ssosiating neuron is
associ ati ng neuron and between the associ ated neuron

and tRaeHBTeRSsERtiadpythe et red peidesreateryip REANRIIaYFON.
i sf i ti bet the initiatir d.
G e e A it BRI e e Shedietg
h Lat d. st heni
of 1 Sl epleRg R3S The b BEL Mhpe RGeSl ERANITRLAY

e8ly R%tﬁgd df Ic@r\s%ctﬁ'@ a%%rtﬁ'l%i’al W\Aﬂ Zi{eﬂs{ogmﬁaggrﬁ%iﬂﬁ:@%drgl of

neuron represents the sumo romthe

init ﬁéﬁéﬁgth?%ﬂf@@/ Sduidns c&ﬁﬁ&%ﬁ S1Grabty %?é‘léﬂ@?]taﬁ@urd%s and a

met hod as clained 1n clalmo64, erein"once the new

as s oglulity RYstrtirsleldns, Aiembdd tompiigesent a resul t,
the result need not be created in another neuron. 67.

A neddfinthgamiqok evergsithe rleamentad neuroris will zépnesetf) t 0o 66,

wherei n once the associating neuron represents a

r es utreatingrareqeirsdi numbeeef etementa neureas fodthiertotalmaintber of unique
neuron. 10 68. A nethod of constructing an artificia

neur ¥aluasde he represeniediferiali glefingsl ayealsi thg unifiue valug leirg atléast one
plurality of neurons conpri si ngi_a plurality of )
el entfiecitd i s asoup rengisting afiragtimulusoan gYant; @yvemts|a sequence in a
neurons, the nethod conprisjn [ ue events

t he %a?t@f:ﬂe AtSEAUSNSE PHENENES AN elp@gbt@gg{q{@ds?g d(lélf[nnieg elemental pattern, a

defined elemental data element, a basic input stimulus, and an output stimulus of
information being processed;

the plurality of elemental neurons receiving all input to the artificial neural network, all
output from the artificial neural network being from the plurality of elemental neurons;
creating the plurality of structural neurons, each of the structural neurons being
created by the association of a pair of the plurality of neurons;

each of the plurality of structural neurons being configured to produce an output on
activation by the pair of neurons, the pair of neurons comprising an initiating neuron

and an associated neuron;
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creating a required nunber of elenmental neurons for
the total nunber of unique 15 values to be represented
for all defined events; the unique val ue being at
| east one selected fromthe group consisting of: a
stinmulus, an event, events, a sequence in a pattern,
a sequence of events, an elenental stinulus, a defined
el emental pattern, a defined2elenental data el ement,
a basic input stinmulus, and an output stinmulus of
i nformati on being processed; 20 the plurality of
el enRObHociRfoH &iife pIBGR bf AliréHs! beidgMaked n pldRimal characteristics;
artificial neural network, all output fromthe
artidngci al neural network being fromthe plurality of
el emental neurons; creating the plurality of
St r usich bédhe pRitlioNsf strecaal dfurdnisdeigreasfiguread to Represstbe pair of
bei ng created by the association of a pair of the
pl urr@urang. of neurons; each of the plurality of
structural neurons being configured to produce an
&9ut pmethed asSlaimed in alairmg&kyghereﬁ@awne of therpduraliiy of neurans is able
pair of neurons conprising an initiating neuron and
an d98sraciateyithanewan ingbe Plurplity of 8@PRR Yid Actiyp comnections to a
plurality of neurops being based on proxi mal )
charfyghesineden é’é‘,y‘e PlorRiityof @ ”rBF‘S't“FFef“BT‘%r"&FTOP)PGB‘F one of the plurality
strugt rql Eeurons bei ng configured to express the
pai r®SIUHELNYRYS 5 69. A nethod as clained i'n claim
3, [ . ra i .of r '
7g)bl g %Eh%d%s%@rg%cglﬁ V?A%Erﬂgg Gr &JalH'n é& \M]i ?Iﬁ gll g@ﬁ}eg{;ﬁ%}ﬁ%}s are able

0O ass a neudron 1 n

neu rt%{é&;ré%@th@ﬁ E;e}{%nfap\%ﬁ\?egg %rﬁfe]él d@cral helirbidre 361 “t(?@)édﬁéeﬁs a

t he Ity of neurons, further neuron belng

of the in'r f ukdn¥ witﬁ“wh%ﬁh@;}éé%_@&iat@.eur ons. 70. A nethod
as clainmed in claim®68 or claim69 wherein al

. ene reflode ahiéd ilcRini 20 avheldin the pRifF R&sorid 1S kélected from the
el enental values, and all structural neurons are able

t 0 egrpupsshsating dfearpelementhl nearonovith an didmenttal oburbhean elemental
associate. 71. A nethod as claimed in claim70,

wher regunont With structusdl neengn omstrictural @eeron adth fan @lemeintal neuron, a
group consisting of: an elenental neuron with an

el enstructral peyroo with astrectengbfgusdn. neuron with a

structural neuron, a structural neuron with

2 enf fediod A HaIREd ig any gna R PRI HotheiRngach ohthe pluralty of

str ur?éu%nasl is Qr?eucr)rorrrgére selected from the group consisting of: initiating neuron,
associating neuron, and associating neuron; an initiating neuron being associated
with an associated neuron via connections to the associating neuron.

73. A method as claimed in claim 72, wherein the initiating neuron, the associated
neuron and the associating neuron are connected based on proximal characteristics
selected from the group consisting of: temporal, spatial, intensity, magnitude and
relative position of the input being processed.

74. A method as claimed in any one of claims 68 to 73, wherein a level of the neural

network is a deeper level within the artificial neural network if, during recollection,

more steps are required to express the elemental neurons.
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72. A nethod as clainmed in any one of clains 68 to 71,
wherein each of the plurality of neurons is one or

nore sel ected fromthe group consisting of: initiating
neuron, associating neuron, and associ ating neuron;

an initiating neuron being associated wth an

associ ated neuron via connections to the associating
neuron. 20 73. A nethod as cldimed in claim72,

wherein the initiating neuron, the associated neuron

and the associ ati ng neuron are connected based on

9. OXA FiethoaRRIcRih & inTlaik 72, vaRIr&i6 Wheh b AMatifendiréiRceives input
consi sting of: tenporal, spatlal i ntensity, nagnitude
and aﬁﬁrﬁdés&@atﬂ@ﬁedrbmmcéf/est iRgut] the iHpuldedré Gamsntiteasd el associating
74. A nethod as clainmed in any one of clains 68 to 73,
wher gunorg df heahitiating nheronand thle as2ariated meurdn tespectidely flos

|l evel within the artificial neural network if, during

r ec oddsegiatingmeurammf both thepigitiating negtpniand thet assesipted ssurph ghen

el emental neurons. 43 75. A nethod as clained in

cl ai paimpactiypied anhbeipgaplale areduck &uiPHE neuron recei ves

i nput and an assocj at ed_neuron receives input, the

|6npu’t\ gnedfiod ascleeA Pk 8 Vﬂ?qre'ﬁgﬁc?éﬁ%&'@tﬁ%"e%%mscﬂ%vaé?d oran

t he tiat neur on an t he associ ated neuro
F espRRi S Ha Marel e TR DA OB EA o the same time

|n|ta§$ '%vpeurqp a%d Ertg S Ia”nted Jeuron then 5
bei ng ac NP HCURY B% % %ﬁ § roduce out put. 76.
'ﬁ Mej %qwogisas%lla{?}hg@q c'Iar}n 95 %l’ 65'576 Wﬂglreﬂ tﬂ gtﬁ/ation %( or gr&)ducing

assocl at neuron 1Is actlva pro

i N 2y BRPRFroftthe FitRHng halfor A1k tAE Qé{ﬂa%'ﬁb}o@gmﬁ’é an éc.&put from
the same tinme as the initiating neuron, and aftéer

| ni tihalabSdiaf@iHedrbn id Based dﬁ&ﬁ&)&fﬁal%ﬁar‘éb@h&%@ in claim75
or claim76, wherein the activation of or producing

78 aA naethigduds clairoed infoir I7 T wiadréin ¢herpeodtimal sefichtibh f or producing an
activation of or producing an output from the _

as s ogutpdtéimribel indiatingsndhasreahddhe pssokiatedineuron causes at least one
characteristics. 78. A nethod as clained in claim77,

wher gdlectadifeonpthexdrenal copsistingzof i tamcreatianrof pmew asseriptiag neuron
output fromthe initiating neuron and the associ ated

neur BAVEIAY 8% syraplieepnnelioas betweer thednitigtipennewren gndthg new
consi stin the creation of a new associ ating

neur 8§54t tg’lgrﬂﬂ“[i’(ﬂ‘l 30g beFes earsPrated ARYED ?%@%@W\ﬁé@‘i’f“at'“g
the init d.th

ona beonBie HReSGRLSTeEE e Saral solteaRahpfer He kg
asso %Lﬁ&‘ 5}% thggggo%fgtmg{)&%rg gn%q%weew tﬁgaio ocngéldsntelul%g and the

synapti c connections
associating neuron, and the strengthening of the assomatmg neuron.

79. A method as claimed in claim 78, wherein the strengthening is by maintaining a
.frequency count of how often the associating neuron receives input from the initiating
neuron and the associated neuron.

80. A method as claimed in any one of claims 72 to 79, wherein the associating neuron
represents the sum of what is represented by the initiating neuron and the

associated neuron.
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neuron and the associ ating neuron and between the

associ ated neuron and the associating neuron, and the
strengt heni ng of the associating neuron. 20 79. A
method as clained in claim78, wherein the
strengthening is by maintaining a frequency count of
how often the associ ati ng neuron receives input from
the initiating neuron and t44 associ ated neuron. 80.

A nethod as clainmed in any one of clainms 72 to 79,
wherei n the associ ating neuron represents the sum of
gahatA indtHoBRE @RARGEIH cRim BO vk bAdniy Fb%%s@ﬂts%%rﬁlh@of

25 associ ated neuron. 44 81. A nethod as cl ai ned

cl ai grerBéhtal\ SRR iaRd dacreeTBmEntaEBNRRRIN @prRosBhtyd airddtly bsafan

el emental stinuli, and each elenental stinulus is

r epredsraeritalchedionect | y by an el emental neuron. 82. A

nmet hod as clained in any one of clains 68 to 81,

82h erA methol @s claimbet in @ahy eheoferfdims 68 fo 8t wherein the gumberchf e@mental
represent the nenory is determ ned by the nature of

t he neymns redyired tp gpesert dhaime®ary indetemtinefl kysthe haturesaf theninput
any one of clainms 68 to 81, wherein each neuron is

r eprReGRreeespsd-an addressabl e node in an array, each
node, havi n lurality of ointers. 10 84. A nethod
& oh Belod % ﬁ'agﬂiﬂ 38 Bre gl s 688 ¥b whsreingRch SeHOP IR
pluralit ons is 0 eve i
Phe R ariregasle ok At 2y’ SreBirhiahedr ey i o
of c 68 to 84, wherein each initiating neuron is
abl e"to associate with a plurality of associated

Sqeur@%tﬁog Qi in!a n%ghé nyclé?rﬁws BQ'tJ %‘? therer}?tlﬂléggﬁ%liglcgglemental

86. A netho as c In any one cl al nms

Vmerr?éuan%"i‘scnﬁ aaréétqgs}e%ﬁﬁe RELtAGRwdrR. @bl € to associate
with a plurality of initiating neurons to forma

g3l urRhiethod@k cRimédin@hy oRe o diBis 68 To 84) wiReidirdghoRsnitiating neuron is
claimed in any one of clains 68 to 86, wherein once

t he atdstocEsaddiatg with e piudaity effasestaiédsnaursradol fdrm d pierality of pairs of
result need not be created in another neuron. 20 88. A

nmet hedirens. cl ai ned in any one of clains 68 to 87,

wherein the plurality of elenenta

86. A method as claimed in any one of claims 68 to 85, wherein each associated neuron
is able to associate with a plurality of initiating neurons to form a plurality of pairs of
neurons.

87. A method as claimed in any one of claims 68 to 86, wherein once the associating
neuron represents a result, the result need not be created in another neuron.

88. A method as claimed in any one of claims 68 to 87, wherein the plurality of elemental
neurons is configured to: receive all input to the artificial neural network, and provide
all output from the artificial neural network.

89. A method as claimed in any one of claims 68 to 88, wherein all neurons represent at
least one of: value, information and pattern; and processing is at least one of:
associating neurons, expressing the pair of neurons with which a structural neuron

associates, and expressing the value information or pattern represented by

elemental neurons.
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neurons is configured to: receive all input to the
artificial neural network, and provide all output
fromthe artificial neural network. 89. A nethod as
claimed in any one of clains 68 to 88, wherein al
neurons represent at |east one of: value, information
and pattern; and processing is at |east one of: 25
associ ati ng neurons, expressifg the pair of neurons

with which a structural neuron associ ates, and
expressing the value information or pattern

JoepPr £ fRHo8Gs Raiméd BERPbAG of 4G BS to 8D whfbin £5sBBAHHIG pﬂa‘ﬁ' of
claimed in any one of clains 68 to 89, wherein

as s agdudnsigiearnpigl, ndéxpPedding ASairDf h@a6MY iB gxprésiibn.
expressing a pair of neurons is expression. 91. A

gtet o chettowdasalaimel intlatrh 80 /wigBein Wecartificial hdvgalaetwdrk isibixlirectional
neural network is bi-directional wth a forward node
bei nwith @torward giodarbeing leagnieg, Sod aueherssanode being e@gsdssion. 5
92. A nethod as clainmed in any one of clains 68 to 91,
Rherhmethodessiaimed isiaay oneokdaims §8tadt khetesy tbs artificial neural
associ ations and not input data and represents

pat t atMerk#iores ﬁ‘?so‘ﬂ%ﬂo{‘é Pﬂ% nejfinRyg dafaand reprrsentgpattgns within

met hod aséglalned in any one of clains 68 to 92,
wherRAUSMS L ASSOCEBHY al neuron is selected fromthe

B0 B ey S piled nianS PSR T R P SRR femental neuron
cl ai i%el@?e& ?ror%%he Q@Sé Sérgfs%ﬁg? Qf 5%%#3%‘ H&%n Qr?djg gﬁtor Reuron.

repr esen neur on

R%e‘ﬂﬁ)dg# Q:'I:ﬂﬁ fnrbn e Pf‘(ﬁalﬂg 68 lt@bﬁ“@vh@?é J Qacﬂdstruct%ral neuron

mhereln ea ura neurons 1s ab

be exprs3sssd- plﬁﬁrw&é@ﬁmna&oﬁé ai med in claim 95,
wherein the plurality of pointers conprises two 15

9501 NA @fethddGis diirbyd i ang ofx pf @sitis 6B ta 4] wherdimhedchd thetpurality of
to represent associations. 97. A nethod as clained in

cl ai muddhs is\hige & be eqedsspdi nter i n each node contai ns

at | east one selected fromthe group consisting of: an

W dr Aeethed agrataimed inrplaim 98, wiagtein éhecpienality bf painters cbmprisas two
el enental neuron, and a frequency count. 98. A nethod

as chaintawsdor povidiag prroession apH AIrEDROINtaFedP EapreseRkassosielions.

of pointers 20 depends on a function bei nhg perforned

Yy thaeihqd %%"’l"ﬁ?d iReslaing 96 nwhereipeach P@“"ﬁﬁ'ﬁﬁé?h fyyde contains at

ointers for h neuron being at ] eas WO.
P least one selecteg from the group consfsting o} an aédress of another neuron, an

elemental value for an elemental neuron, and a frequency count.

98. A method as claimed in claim 96 or claim 97, wherein the number of pointers
depends on a function being performed by the artificial neurél network, the number of
pointers for each neuron being at least two.

99. A method as claimed in any one of claims 96 to 98, wherein a function of each
pointer to a neuron is selected from the group consisting of: initiating, associating,
successor, hext successor of the initiating neuron, precessor, and next precessor of
the associating neuron.

100. A method as claimed in any one of claims 96 to 99, wherein at least one pointer for

an elemental neuron represents elemental values.



99. A nethod as clainmed in any one of clains 96 to 98,
wherein a function of each pointer to a neuron is
selected fromthe group consisting of: initiating,

associ ating, successor, next successor of the

initiating neuron, precessor, and next precessor of

25 the associating neuron. 100. A nethod as clained in
any one of claims 96 to 99, fferein at |east one

poi nter for an elenmental neuron represents el emental
values. 46 101. A nethod as clained in any one of

10h 2i AMhethBd 48 cibittbd iMBRY BhdlofRIdim&186!t01D®, *hé&8infd»8Grons are a fixed
| engt h addressabl e node in the array. 102. A nethod as

cl ailgmfh badrésypblemedein thé airdp 68 to 101, wherein the
artificial neural network is used for at |east one

192! ek tnetholl me klatnheal ignoypnecafitsiras 6&1p 1011, wherginttios artifcisdneural

5 predicting stock price novenents, |nternet

sur veiwdrkisased Fariableasttons eelacted fromdiongraum consistingsof: monitoring and
detecti on, conputer spam detection, phrases in speech

and Rredietingstogly peee avemanise titeraetdutveiiancep Indgynetiseeurity, computer
detection, bioinformatics, vision recognition, _
senafifup deteglioq) gremruter sp@p detestion: PRrAsestin gagesh ght &xb glagses in
robotics, and data conpression. 103. A conputer usable
medi ﬁh’ﬁ?%b P Pigiarisabeietian: Biringmatics ytpondBrasngan. sgmantic

e PR EnEPRnialon T e BRfFERrobatRy ol ol Evinteite
1‘??)'3."JII K@cﬂnbﬂer&[ﬂ)‘blg pr?edﬂjfm &ln@dri@ﬁ‘-g %Q:oh%uljepgrogram code configured to

cause one or more processors and/or memory to execute one or more functions to

perform the method claimed in any one of claims 60 to 102.



