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1 NEURAL NETWORKS WITH LEARNING AND EXPRESSION
CAPABILITY Field of Invention 5 This invention relates to neural
networks and particularly, though not exclusively, to neural networks
based on one or more characteristics including temporal, spatial,
intensity, magnitude, and rolative position; and may be used for one or
more of: learning, knowledge acquisition, discovery, data mining and
expression. 10 Background to the Invention Existing neural networks are
typically based on a single interpretation of Hebbian learning. This basic,

}1%% ian concept is often stated as "Neurons that fire together 15 wire
t @’T H@H%@&%W@tm& ARG eSS REONARARILYIEY

the synapse that connects the two neurons together. The strength of the
cdriptdcafigvasitiose is modified or weighted to reflect the
importance/probability of the presynaptic neuron firing concurrently with

e RORIW BN HSI AU IO heBFY IRENEHE and MARIBIANE FR06E Hot"SM @ ively, 10

networks hav been(?evelo ed that assbomate,a number of input neurons

nur of :
N A N N e R e
thistsiiy. srergaitugad and GRGR PesisNs erdimaxheedissideProonsuersmess of:
Thetsriven Hyoadbeyditegisieohdiseivepykstaenibasetho Bxilresenrcept of three

layers: an 25 input neuron layer, a hidden neuron layer, and an output

neyran layer. Fitg’ure 1 aind Figure 2 are illustrations of existing neural
ackaground 1o Inyen ion . . L

etworks. ra|n|n§ of such neural networks is accomplished, in its most
basic form, by applying a specific input state to all the input neurons,
sdimisting sesp cifivatitpatengpicadiyob 3@ depresent i attsrprettiaiepfanebbian
adidgting theis¥RsRlincHERNEBARRIEIBHES Ukibe LdReR iRy hal R Sgether
t“%&ﬂé”%é?tﬁg dygted as AJE%Q r‘é%s"gl?%%%%g\#?%é doun éAéEFCiﬁ the
training has been com{:};te , the application of differént input states wi

re2(RRRe dTRE RORPRRT PN MG ORE BRI PSRBT ateth vt ieadiR rehthe aangsting
cayfieksede mpdiisorreeighted dm reflest the imrovientadepbatilihoof trevprekyseptic
theerigi ftd UMt DPeRRRRH MM Pdstsynaptic neuron, or vice versa.

Using the concept, neural networks have been developed that associate a number of
input neurons to a number of output neurons via synapses. The input neurons define
the input states; and the ouiput 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 nefworks.

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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the current input state. Such neural networks typically require extensive,
repetitive training with hundreds or 5 thousands of different input states,
depending on the number of desired output neurons and the accuracy of
the desired result. This results in practical networks of the order of only
10,000 input and output neurons with as many as 10 million
interconnecting synapses or weights rgpresenting synapses (current
existing neural networks are very small in size as compared to the

CapaeiMiRitbe-nWpANDERINYIRIR RS %BYHRRS: AR U Ses match

sy%%oéicrgn nne g,gpes). Furthermore, existing networks are trained on the
basis o geneFr’a INg predefined output neurons, and can subsequently

recognise inputs that closely resemble the training sets used for input.
ExBitohgpagarabmetiotkscatly reoptapstiesvtjnaapring eniny @anedRss or
thanoasariRIBE eilsing RIRE 8RBINRIRASHH]SAGRY SLARRIS @ Gesired output
O e e QB BT aTs SO peual netuorke are net
capable of expressmg orrecolfeeliRg KR hplP St a % I 88 tREnEMATR 8"
of. BPEef it FR0HHOPP tneus LApditadipet. TROrERGSHil msurednyeawotRsnailiion
traimecionnettiogoasispséa pplyisighin depreaceaint ispripstaiqsurishthaineiyvasksal
in WhiRRENRCIEI LREI 7RG & banipalby BSINLEaG SEORRISBRR wnich
ex},%gqgjqe g%gtltg/nedqaméngétiech'gg tmngurons are not significantly
depen en? on the  order i WhIC inpu sPa?es are applied to the network.
Existing neural networks provide outputs that are based entirely on the

cuFreiheimore stesting metorlies mravhiidieth pat 125 sisite sfaterp@ied hegemed
bearing ﬁ&:ﬁbﬁs,ﬂW%%ﬂgﬂﬁqgﬁgﬁpﬁﬁéhﬁﬂr}fsﬁmgiegﬁé@i@%hemble the
n e (0] e \WI snoricomings. mne

o TURHT ARG TP SRS TPnaNR SR e & itencen
th&PBEH ISR 3§ 2aREY LS e ESEHTENSAB UT saRedepits gegls are
sirffiRsesRiEte tvighe serteld foeutghicHExisipnd averdieseiwaisede3 nthespmite of

highyessingruii@tiom2tingnh inpiesee 5wl dn tRe¥ATR RO B aRRNuron in
regiieipslifuygrresent only a relatively small number of neurons; 3

Existing neural networks are trained on the basis of applying independent input states,
To the network, in which the order of iraining is typically insignificant. On completion of
extensive, repetitive training, the output neurons are not significantly dependent on the
order in which input states are applied to the network. Existing neural networks provide
outputs that are based entirely on the current input state. The order in which input
states are applied has no bearing on the network’s ability to recognise them.

Existing neural networks may have some or all of the following shortcomings:
1. they require prior training, based on predetermined 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;
they are computationally restricted to represent only a relatively small number
of neurons;
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6. they need retraining if they are to recognise different objects; 7. they
cannot express or recall an input object by applying a stimulus to the
output neurons; 8. they are based on concurrent stimuli of all input
neurons; 5 9. they are not creative and they cannot express or recollect
events; they can only identify/recognise events for which they have been
trained; 10. they assume neurons thatfire concurrently or in quick
succession, are linked synaptically but do not distinguish one from the
otieer or tiheyoreler efraimmgointixing: wnecaghibd. ERsBHisienslayer neuron

cap receiyeyiRBHI QIR KPS P REUF %2%?%?%%’@]“50\” alf ratrxrl] 5

the mventlgn 15 In accordance with one asp

neural netWoH SSFﬁrbsrwng a plurality of neurons in which any one of the
plfkality dsvaipdresed emrone Rt orakhissodinearonth itself or any
otiser neulion arethe: Rieealty HdnabyeASHERBGHINE 6PRARREANS/ERIS tHEEAN

neuron 'rbﬁmc@llrlf %ng%m %mﬂmﬁsymé% ierred 10, ,20 as

rnmg n accor ance with a second aspect there is rowcfed a neural

work LS BrRING g%’%ﬁ?@%ﬁ’%?@ﬁ?&ﬁ%\“ﬁéﬁr%@*%a“ﬁCﬁﬁﬁf%mt%ﬁmked
structu raPepHeRY fovtrdp net cisingrisis ooeiftonth b etharen tieyopsir of neuron
neurons,fihig;pak of neurons being selected from the 25 group consisting
of 1hpoth elemeiabRaLyaNsehot Slucidl NG o Fnakl y@t"iﬁﬁl t Hrons
one elemental | neuiron, and one elemental neuron and one structural’
neuron. EXEH s?r ¢tural neuron may represent the combined information

.or memory represented by a pair of neurons. The process of recalling the

pair of neurons that 30 were combined to form a structural neuron is

refiikaRkl) asusM@SsHen. 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
ne’ﬂrﬁ'ﬁzm%m%@ﬂe&ﬁg%’[ Hisseop Rfpvided a neural network comprising a

plurality of neurons in which any one of the plurality of neurons is able to associate or
associate with itself or any other neuron in the plurality of neurons via active
connections 1o a further neuron in the plurality of neurons. This process is referred 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 least one of: an
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elemental stimulus, a defined elemental pattern, and a defined elemental
data element. Each elemental neuron may represent one or both of: basic
input stimuli and output stimuli of information being processed. Each
elemental neuron may be an equivalent of a neuron in a brain, the neuron
in the brain being selected from the group 5 consisting. of: a sensor
neuron, a motor neuron, an intracortical neuron and an intercortical
neuron. The information represented by a neuron may be memory, and
theidreressingunay heilRRbaingcaicnraression. ThHa RIURKROT NEHER data

assgraonR Ay ReSRIERSIES 13,8 Bl of deener gl A0 ENBIS,
The number of levels in the plur Ilty% aeeper levels mayabe d&enined
byPHRYt vl Of dREoTHEAR BeBIpRIERTIB b ERTD Rleental rnema deay be an
wieguiyademefronpuigpires brais, dhploealion of thie meintbding selenied TFloennberydewp
of glanamiyalineuERsANu A G U BE WS eaN ITRFLIaHER e8NS an
m% ex%%i@?%aebem%eﬁr@ inr%gr(rjng othr%;r)] aetg rr?tegfbthe rrpeeurrrc])g%éo 3 emo d
processeda 151n a'ccorda_nce With & t'ﬁlrg aspeXtthere IS pr vidged A Reural
bR BIRCESHAB e F 2 eAItNg iy BPFR{FBAS linked by associations, all
associations of neurons in a level of the neural network that is the same
OrHEPRRLIRLHNGUNR &&a&m&%a&r%‘g@p‘k&m& ﬁ%ﬁﬁﬁe@f?\ﬂ%%@@er neural
n nejw ing. LOf neurons, each neur ein
e R TS T STl oy e

profRIL Ot th (PEMRBHA6 RERBT 37 SR gPECRREPS AP D PIRIBFSTE:, WIRER ACTIRSHPY
betmeseptiesapitudiin dsalamenty bywnasinglheodambarasf aleaygn2b newith and
aspeckhialnaebns raqivedrt casRREMRBAMYHGHhES ROBRSHRNRA BYTMS nature
eq)cf%ermgrgcj;} rtg%@[);ggegg&prising pointers. Each pointer is a data

element of the node that represents a unique address of a specific node
in the array, each addrgass'repr'esentin_g a neuron of a plurality of neurons. -
EdtRosetateee apite s iisdaasppri jtiereolsnrenigad 30 nkusalvesivretisperoptisioee a
is puinvigied remetsainkedvig dssanapsisin gleapltriipheobN ALIGAS iNmasvartthe
thﬁéﬁr&@i&ﬁb&? RS dﬁb%ﬁﬁ!’é GPSL%;SHH%&{ % VAL HHQX;B?AQ&&XWGSS'O”
and for learning of memories.
A fourth aspect provides a neural network comprising a pluraiity of neurons, each
neuron being represented by a unigue addressable node in an array.

A fifth aspect provides a neural network comprising a plurality of neurons, each 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 plurality 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 provivding expression and
for learning of memories.
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5 A penultimate aspect provides a neural network comprising a plurality
of neurons, each neuron being represented by a node in an array, each
node having a plurality of pointers, each pointer in each node having a
specific and unique function. Except where a pointer may represent the
value of an elemental stimulus in the elemental or 5 root level neurons,
each pointer contains an address of arther neuron. The number of
pointers required may depend on the functions being performed by the

NeWrBbniMMRS ls bRk AraVRIER H&BV&@H&%FWME&J%%%&%W%@%Qch

furh tuggs,btene peurr@}ggnrté) Bomter neede will t least four. 10 In this
manner eac ron in the’ pfilur & Or e dions FRay BO P pRYOg BBy of
no&@"ﬁﬁhéa%arﬁféf%@r‘éémﬁﬁt% Ma;%ﬁym@%mmg igHfnghIunisiig Binedemroriscept
eavhaiedepoguetaiayngreciinadheuvaloer abfap ailetessiaNaGiRsuE iARharsRyMssed or
10 FERIRSENRMED @wammcmémg% aqaianal fafRe iR GISMens QIRGE:
thaQE {Qters ertalnln% the haraﬂg E’Stl sof each néjron Data

elem B TSay B Hefie Lrea represen ERLY HPERTRCHebY ghe neural
acfigifh, tﬁ@r §t|’29‘|'§ﬁh'IS"F"H%”&@@H@[H!EB%éefﬁﬁ6$@ff6rﬂbfprpﬁ§%‘ré§@ﬁt0ns the
invembhom il poiréxtematsidd ilCosp ldast deable medium comprising a 20

computer program code configured to cause one or more processors to
exec ne or more functions t the metho S described above.
In 21# S{% Yepect ernee 'SP r'?)\;[ll~1I uPa(T‘ ufa %uer O RR ISR TRTIRE g node
nefvdiR iEepIe dilscibfla &WGXS’%W&B%EI% BiSe PAteRlity d’foPﬁ}é{Rﬂ‘%lr@%‘ﬁbﬁﬂde
wrerdaimietes e deribedipoi®rsreated from input, and in a reverse
direction where input is derived from nodes. The forward direction is

'eewaaag ﬁnqg%gsvsgéae ol r%%ﬁ'&é&h? X0k @a%s'aa 1S negaié\.ﬂetw&{.m"}axam

al
be used for one of more of: monitorin pre ictin r

mGVERTER SRt PAR PTG RETENIG: ?r?@?é‘éé[ﬁ‘?f?”g&ﬁwﬁﬁmn‘@%d Data
spasMStsde dforeliatde orpisasstitee, saueseyr et eaptitiorion spasightianckhe
textraiginad adnspeanthanadestigiagiarism detection, bioinformatics,
vision recognition, semantic analysis and representation of ontologies,

anqrobotlcs 6_Brief Descriptjon of the Drawmgrs
he "present invention also extends to a computer usable medium comprising a

computer program code configured to cause one or more processors to execute one or
more functions to perform the methods described above.

In a final aspect there is provided a neural neiwork wherein the neural network is bi-
directional and is enabled to operate in a forward direction where 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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In order that the invention may be readily understood and put into practical
effect there shall now be described by way of non-limitative example only
preferred embodiments 5 of the present invention, the description being
with reference to the accompanying illustrative drawings in which: Figure
1 is an illustration of an existing neural network structure; Figure 2 is a
further illustration of an existing neuraknetwork structure; Figure 3 is an
illustration of an existing relationship between two neurons and a 10

syBaESSsdeigitienbirmDikgkigtion of the relationship between three
neurons according to the present invention; Figure b is a flow chart of the

process flow of the present invention; Figure 6 is an illustration of the

relARBIR TR e IR TR AFRIORHSFeltRrkand i HRya R aptigahpffect there
illgbalhtion kst deseriped yewad, elveotdiritalive eedmpls Sodyapiereréd gunBoBiieats
floyw ﬁ@%%ﬁéﬁihﬁ/&%@mlrﬂ@ @S%ﬁoﬁ i@y Wit @é&@;‘é‘_ﬁaﬁ faE tQ@companying
m%%lﬂjﬁgéog%gﬁégsg iﬁkgklé}%_lO is a flow chart for creating neurons during the
I g Ig

earning process, and ure f 1 is a flow chart of the process for

XIS Y sTASRR chansEEHRH AT PENG PERCERSh odiments
Actimmdifds whertheefrsaliaspbat txsine sentinwsvtibstpravides neural
NetigiReks, iBneh alBRAle Hpr-R0BSLIMGl RGLBLIERIP Ss R BIMHR KSR AP R

333,98' fions, that are based 25 on characteristics that include at least
one of temporal, spatial, intensity, magnitude, and relative position, for the

fofifich DAMEHTEALY 6 A% GHRISPITR RETHOHN ST BRITEPSIABTR'Shengthe
(repsessdimeation;elemental neurons) or output actions (represented by

elpigLea tk Al BRIrivRRAHRISTIRANENhIPrisalsarREmvisies for either or
DL B ANESRIHIND BRHMABBAMEERTERRAN BhPTRAIMALE Of

thr?' memorles,lreﬁ%ra?sen%ed by struct?ral neurqns, whi present multiple
el EIFHLG P SIREARR Bl PRAYRICOSHEXHEH Mt A5RamRicEpression
ofF AR Bistoley Shriidastbrres BingrPIOReSH has learnt and in such a
mEigwerdrisay/fewthilutt retat vityichinguirsti#ss)li may include one or more of:

aoreViB ek 186 HRarPRASeafRE Reurons during the learning process; and

Figure 11 is a flow chart of the process for expressing of neurons.
Description of Preferred Embodiments

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 inciude one or more of: audio, visual, tactile, and so forth.
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7 Output stimuli may include one or more of: movement, motion, speech,
and so forth, each defined by appropriate elemental neurons. Existing
neural networks are based on the assumption that concurrently activating
two 5 neurons (neurons B and C) creates an active synaptic connection
between them, or strengthens existing synaptic connections. This is
illustrated in Figure 3 where there are-two neurons and one synapse.
Accordingly to one aspect of the present invention, stimulating or
aCtD(ﬁ}&lﬂ@tW@) FHEYTRBIRBOREEH RRABNLASRARIANAN REINEEDIBEM MR so forth,
ang&hg neuron trrpa e as g%glz%fllnﬂ%lneuron This is illustrated’in Figure 4’
where t ere ar neurons 4 and-43 and two synapses 44 and
45. For convenlence, this basic neural structure will be Galled a "neuronal

asEaisiblyhehra nghoutd bie Spesificatiorasblenmnsikd, (bAcanenp BARHR two
aspewsethieasiber hases Qmrroximalichalag d&gﬂ%&%ﬁeb%wgé%éﬁ B3R! o

on tem oral s atl [, intensity, magnitude and relative position.
e S SRR S SBhSES roa HEPA Clee Paa her
of ﬂé&‘?’@ﬁ?%ﬁ?%@‘k?é‘ﬁr‘ﬂﬁ’é%ﬁ,& may be in the same level, or may be in
different levels of the neural structure. The depth or level of a neuron in a
neAsSbaRBIYORK %Hélfébl;ssc&sctmsdp%éhﬁ VRS, OJt.rﬁE?aQ% e&uzir&ﬂéaq
Xpisasdislenenial ieyrons ihal | cpresentz, 20 he nourel Siiclle’
comprises neurons, w Reuron repruSMRL i aelioR; 1op apsppiating

ev%‘?ﬂ'é’"o Sfists "l&tﬁﬁe@ﬂt@ EEHEﬁﬂJWEQ’FHBGEWéedMﬁWWMeﬁ@sé Htband
byiwezdhanees dn aaoh AR rifoacehisrdepenthinbaaic theuslcnmenied RELEOBSIed a
(repéezana@eﬁmw?mmgm}mt%m%ﬁlnw&é.i&mw*uﬁfhtﬁaez@%{%?'be
n %lﬁlim mullL ate.only represe N
e%%gntﬁdr?eurons?n?gﬁé:ﬁﬁe atﬁﬁ roo?r?g\%’ S O el\r}%l”])(/jrlﬂgu%}q {V\%}T’(

STERRTE" SRR EP S s MRgRiHde FarelRB RISt L NGHIRBLAB VG BRIyt a
refrERYHEYRMISEL e e &f mtyre dhan et rhairoos i, thamselves sthne

senspheniroths sardteinental 5y Blin @RS RGN the USRS Urfhe
SUBEH'6r TBe @Q{%ﬁ%th?éj‘ﬁé%ﬁtm&ﬁ QRN rllgeg%% rhqpe r?g'Jrllr\ber of

|n|t atln neu c'Q[n and thqh%ther an zssomated neuro

neu on r%ay DAt ate A SAMAHAARY PRsIPSh RRIEeRS an associated

neuron in an unlimited
The neural structure comprises neurons, where each neuron represents a memory of

data, events, objects, concepts or actions. The type of information represented by
each neuron can vary, and is dependent on the elemental neurons (representing
sensor andfor motor neuron stimuli) from which the neural network is constructed.
Elemental sﬁmuli are only represented in the elemental neurons maintained at the root
levels of every neural neiwork 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 sUCCEessOor neuron o neuron
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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 8 41 is a associating neuron (43) that has
neuron 41 as its initiating neuron. Another neuron 42 can have any
number of processor neurons, where a processor neuron to neuron 42 is
a associating neuron (43) that has newon 42 as its associated neuron.
Thus, neuron 43 can be referred to as an associating neuron, or a

Sua&%%@&@&ﬁ%tﬁe@r&el@{m@ HsFRa N UGCISRE § %%%@enz%woﬁn%%ﬂer
Thﬁe@r%?ﬁ"zﬂ%ﬂﬂ'hé%eg onealans:elemental neurons A1 e
initiating neuron and ane 15 an associated RIS Wﬂ%§u?rﬁFF§‘?’féﬂ"r6‘ﬁ”&‘i”|§°

th&FHIRR ARG R APERFIEHRY BRHECRtRbIaAbhRS theuEpssR RrdlY Aeta@atedvheon.
neliteh delienaidtinantbd refefiretd Bsassasiatintng @ iedh AR isspetestintasrdM o

theGreRe 1B s RERHRSSRURRAILLBEIIPR41 firing neuron 42 is
activated or fires and also potentiates associating neuron 43. Neuron 43

IS then considered activated. If the associating neuron 43 was non

T Arseription Rt ensibe Als oAb MauseRRfiting dvnnamtitiptinaurewron
4laaﬁ@nh®assa@a¢mmmn 4Rstheind ixoreatadian MAKE Wsion and
at;muatadgraﬁhaé\/\&bswé l%&ﬂ&éﬁ?@“%@éﬁ&u %@r@hfn@waﬂmﬁ' %C%\éﬂ%@ﬁ I'r%“%,
0 us e acfivation of associating neuron
tth creF.:{Qt‘Paoi*\ﬁ(“)l‘}‘I 210@%/%%(: %ﬁ%ﬁ?}%&sﬂgﬁ the" Gr"en etﬁ%’n%ﬁ"g‘fgg&?é‘ﬁf?g“e”m" 4

sy MEGHiRCHEIN &2 116 RS TMRIRR R FRSL ?(5}45 aﬁ) ahrientiptasceneanising A%euiod 43,
4 Neqae 45isdbtatiagsidard acliSatepr dbthetastiveising rafuvohatsisieaish Sasent

thetedhietivve eﬁ%m{lﬁnéﬂmﬂ%sgmtmmméﬂﬁm:gﬂﬁpém e Lhsbeiated
MEERSY 453 GRG0 RGN 2% he& e rtﬁ %éﬁeo%érw?sév(\é%%% %%leygx??ed

of vents a rOX|m|t of events and so ¢e aasso

is acetlva 8 & AR AP RRSiral AnArraeesy ifadtiation of
d@ﬁ%ﬁ?@m%ﬁ%\%ﬁt@ﬁé@ﬂm Yeartivraateddivas athibe seangtheding of
defiisiignsphaptaxionieaiopsOBENRbACMELas OF Brngdldasailyde yles
OfTRE LBEAHAY Jasrslﬁqel F@ﬁﬂéﬁéﬁi@%@%ﬁé&ﬁ@%ﬂ A%El Y HBOHIRGI W3
a cross levels, and ma |

el é%}‘ﬁlggt%%ﬂg% ro?? Sng e F%%‘érgrl A NERRS & %8@{3@4?@%@ GAepRinaten

n&hPaRE ﬁ&%ﬂ?%?éfnss@ﬂk% EPRH%@‘?I?f(%éSpP(ﬁ(HﬁWYthﬁEIM§ kg IgotFrath.
APt | dressegisiingfneRroe r estvitedimecteate i poraree ¥R AR d aychR @ or

shoshastretsietl iHerRAS BVHRCANISH A RTIORS:ATINUAMIES neuron.

The definition of proximity or proximal activation or firing will be set by the rules of
operation for each neural network. Proximity (“AP") may vary across a level, and
across levels, and may vary according to the type of elemental neuron being
represented. Neurons at deeper levels within the neural network are less likely to be in
close proximity, thus it is likely that AP will increase. If AP re;;resents 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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30 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 9 may also
represent spatial relations between objects or events and can also
represent the topological spatial relationships of neurons in the brain. A
eI RRNEAACHEIINGJRIGIR BERSSH! MIRRGECaNSists oS MRPRPIEsent
SIS NS ch GiSTInBLASH0R, WINEh £apepesent elemental stimul
sensor or Motor neurons or such elemental data as required or desired.
These are the elemental or met neurons from which a neural network is
cohsturetedwiifterentityje the pelsentintehtieucomdstn af/tve itefinaedments:

depending.aRARE MBS RKRENISNCRREQYEUSIURIMAMORREND: motor
represented. For exa le, if 10t£?pJaetgeQéinrg thlree dauocrl|t8er3¥irc(§}ortq)li(é‘i_tzgﬁe1 are._the
[ enta

r]eurons Of SUG delgm?n U %,
elemental neurons would be for represer)tln% distinct sounds.
neurons BPREIEOAbOe REHORTHEPDY \UIREréh '8} idls BWRtkn éntepnstructed.
neurons Bifielesidyos ekeirpdeiab neusstsfioray bprixdiend tgreading energiyns of
intensity giphrRauBd évehiNe) iABHRBSINEEISE trdReEeRIESENERT Snple it
frequency LnGRguRd: hadidsPesening.smehand Bete et gy e g,
set of elemental neurons Tor 1aste and another setTor Ghac ory sensing.

In vision TREFESRTIRG HatiBek SNt hiSMaMALIRYRES BIRK HIEURATIAS SHIBRA" Of
20 conediiferdst &gesotammestamosgmensyendisoffortbxaapie poesesettdor

by the grpaliehipglkaunt SR eribdRsipRIYSS BIIRE PROKUECPARRother set
neurons.fggéﬁmﬁmg%mcg g}@p{e%ﬂ&mental neurons

corresponding to touch - mechanoreceptor neurons; temperature - thermo
receptor neurons; pain - 25 nociceptor neurons; and so forth. Motion can
be reprefearEEitacsvalicng B hefenman baeuseine' thiamigrieicecurons for
movemetisiy\ine ardtaensafgriutfacainyisaastigated or fires, it communicates
to different areas of the brain via synapses or nerve cells that a certain

form of rgy frgm
ormo elr;'xevxg%n eré'Jl may be sets of elemental neurons to represent the colour

cones, rods, edges, contrast, movement, and so forth, as represented by the
ganglion cells, or specifically to represent the photoreceptor neurons.

For skin receptors there may be elemental neurons corresponding to touch —
mechanoreceptor neurons; temperature — thermo receptor neurons; pain —
nociceptor neurons; and so forth. Motion can be represented by the various
types of motor neurons that induce movement.

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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30 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 10 neuron detects an event it passes the data to the
brain where it is processed in the braig's neural structure. Artificial
elemental neurons may also be defined. For example, if using the 5

neural strdgisRedRALQFASERE RGhsteNe Attt eSS MRl DSULINSLA8YY in

be defin%d to re reser?t {he alé)habetic characters and punctuation
el'1_ram neural s ruc’tunl' .

characters. For the Chinese language, elemental neurons could be
defined for each Chinese character, or a subset thereof. If using the

neural sthuiitiab d¢lerpeote seprote naysetehe arfitha. cfomeriabRe W asisy the

may be GrfinediQISRrRssBLibe EAGRLY 110 Amine AGLS, QLS URSERs may be
thereof. Ear speech, different motor neurons may be defined to produce
deflrneB?) ETI g Z\ %8%

different muscu R e s abehe ¢ RS, PBY BLRBHe S Harrgiers- For
correspdhBiREESpuIRAISs Clemesl foRHROTE| Avishbs vrfinrshiorceavibBhinese
initiating ciachatss aciatadset therst D LisRY NS bewsal Knassecia iRg&L Piotbin

2. StructgsghdHREsons "SRFRSRANGIIR MR A liiHiGo THFREN e wenty
structure_as illustrated i Flg%erg%%ogalsts of neg ns that reﬁresent the
e p 3

St Siher htvon et RS RIS ARV G e

association of other neurons, w
neurons 38NGthir RGeHae Ciiferat svECHat e tRaARY rrsultiostpbeupEsiugion
grow, repfesentimgmaspending imphenefmsnaibso Stthictural neurons can
also be used to form associations between structural neurons

representng quﬁg sets fbglgrzmg. I rons. For example, an 25
associag%)n r?)a be%rmea etweerﬁﬁé@ﬁ%ﬁ%%ﬁgrdn Ba [gr%%trgg%rmtege a
by an as¥5CEH0N BFEPhabetic elemental neurons, with the shape "ball"

represented by an association of visual elemental neurons. In this
manner &is possitdeital heuldrize wpresein kmyvhishrallewisheaassasiaion
of informgtieR8cseshuditiRre Y eRAIRXeS QnaStoSt KRIRIAS I8lresent the

networks, Another assqciation
association of other neurons, whether they are sensor neurons, motor

neurons, or other structural neurons. In this manner neural structures can
grow, representing more and more information.

Structural neurons can also be used fo 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 cortexes 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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30 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 "bale". 11 Structural neurons are
associated with each other on the basis of characteristics including
temporal, spatial, intensity, magnitude and relative position. If
representing speech with the neural structure, the associations would be
of a temporal nature, representing the sequence of phonemes, 5 words,

phrases, Slatses, ancee faih, usedilaxpassagispench. dikengseals of
proceSS'r&ﬂéﬁé{eﬂ&r&amaedﬁ]&q%ﬁ%l%%ﬁﬁ'E}g Lwdmg@%ﬁa&@%%%r&ve

would be of a temporal nature build I%t e wor hrases, clauses,

and so BRI J"r?éiﬁ%ﬁ%‘ﬁnsﬂ?é%‘ra iR e e SRS < heraiRPgRtions
topographitidibes ot e dsrtinorsd fetuyisigapiesening, toushaywaice aheplnemes,

forth. As 6rau) pRriisss PEIasaRe AAdaRNEitHCIREURhHateliepbaY. remeesants
spatial C{S&%E@Q&ﬁ{ l%? (F%Qamgngl%n&f%nmgc@sgﬂa@} %waus? charasters

represen a visual scene, néurons representing edges Ines o

curves oM GHILBECbA IBEREHISHID B S0ARIEN RS A RetHacap st so
that assdeliites elMaahtapurnsrons epromimtiang phiesls rgoniiveds epatialiyeor

based o n@@@ﬁﬂw_@gﬂcﬂ:ﬁm&@tﬁywmcfﬂﬁﬁbiﬁ@t&owhhi&hw oljeetsiwvith As
low objectge s idinge ﬁbrs&sﬁuaﬁm%maﬁlsmm&fsthﬁawg%m%a jal

The same neural struc é ure can hbe ysed to represent information in an

the four HANRARISAE 1 ERRSEARP fpé%ef%{ﬁﬂ‘ﬂn?en%%s“é%% HrRESHE
"ball" - refisediesRerehyeHIepaiaPicaentingrIsas o Fnes/ eremgsgmampmwr
the spokenatarasthibalié represestactdy adarapoiaineunal Sowie eiméntal

structura, BGHARNVéPrasRRRASIpLBE %Hf%bét&aéhﬁﬂéso @a%wsr%mm.ﬁ,f Bar
|n|t|at|ng euron ?aan associa ecll_' %ur(gs 'J’]T maton %f ;?Iemen}]al

neurons a e I’O eve aDSrSO n Wlt GCtSE)J S!tlI’UC g%ﬁOwge

for the cr@ﬁﬁ&ﬁ‘%%ﬁt@ﬁﬁﬁ%ﬁ%ﬂ@ﬁ’?& represent particular

The same neural structure can be used to represent information in any of the
four dimensions defined by space and time.

As above, the shape “ball” — represented by a spatial neural structure - may be
associated with the spoken word “ball” represented by a temporal neural
structure.

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 disiributed in the brain to different areas. In sensory systems,
different areas of the brain can  process  different  aspecis
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30 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 differeqt aspects 12
(spatial/temporal/intensity/magnitude/relative position) of the same input

St'YQthanFé%&F&W&éﬁ&ﬁﬁ%ﬂh&ﬁ@«%ﬁﬂ%@ﬂ%ﬁ»ﬁﬁH%@ Q5 Iir?pe r%(!{nuli. The

Ul s
associations in order to represent coherent co cepts/perce S an

bePSORSEr. BRLBerTHONIE SHRW8oMhHBRRithin s caveacktighsuia @ps to
coftRIGSEHT tRelPERSS GensapdrHIRMFsad trbdyingpreBeeatitves intesasiagby
compiex informatiprspidaeayinw . NeLteosBay haQigmlsetyeiassiiedine

or REREA ARG R S L HATLORR SARIRSIRIBIcS, fovels,nature, and

so forth. Neurons may also be defined for a partlcu‘fg%imension. That
dimension may be time, distance, space, length, height, 10 pitch,
arfishtaER, BRakp oranigedin aliesiheractansiicl \Witoidiits particaltafunctions,
dintensiprisiey kves)aiutorRs arayseerstficraningng w&?agﬁdﬁ%ﬁﬁq for a
re laled.nc t r nitude. Thijs relative
poﬁjg%%‘%%,ﬁ éeprﬁéﬁggkﬂbﬁgjﬁﬁiégﬁé o RS et i
conStuETRG S aUPLY RERT SHTBRR A R5PERPHio active neurons A related
to B by relative position there exists a third neuron C that has connections
vidvhimejus psrioutothimensionsafyamd Belkshichay nRudmadAREEd aXistillien
it momleet%,cr@@tedsuea@a?.ee,r%m,ﬂ%&?@%?CM%%%-JJ@G{%E relative
ni)%rs%rgnZO _zraessrgsmﬁ%eeds neyons A and B together mainhtaining _thelr
relative pogsﬁlo SR and B may be, but do not have to be, contiguous or
consecutive within their relative positions. Therefore neuron C can

asKschasicamgeriying earangt#k ﬁunctcaatm&mhga_pfasenﬁawen@s waetbesrivo
e\Rhie ALareRYAUEIABE B ENBP LM GUIRBAUENME R SORHIUAYSHORat has

CULRRELIDYE b WRLARD'RONER TAIRaR0K Q1T APRRGRL LR 26030 F
twg active neurons A and B that are
then it Is possible to create such a neuron and its connections. Therefore neuron G
associates neurons A and B together maintaining their relative positions. A and B may
be, but do not have to be, contiguous or consecutive within their relative positions.
Therefore neuron C can associate any two neurons A and B which represent events
whether the events are concurrent, contiguous, consecutive, non-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.



10

15

20

30

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 30 neural event followed by the second
neural event. This new neuron C can subsequently participate in
combining with other neurons (thus chgating new associations), and so
forth. 13 The basic rule for creating new neurons is that if neuron A is

acw@@g,@ r{ifeGor %g%w%@aéoiéowgﬂ M&ﬁﬂﬁ% = %%{ﬁ&@&%\f%%

or fired neuran C_can be constructed and possibly activated
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as%‘éfbfé&ﬁ?ﬂé‘r‘%@%ﬁoﬁ?'ﬁfﬁ@%’%‘ﬁﬁd&f'rﬁﬁemﬁs@f‘wlﬂéacﬂﬁwg’t@n of
dussbooaspiiane R (fitcortiss sestatitiontbe eveaty &B Gneandike whsedpelr @euron C

actyaigreand %{fedmaa" WPGJLL0 PALicinalSIRrUbSS ALe Bt Sa?ﬂﬁﬂ%%’é SV

it to. form new assomaﬂons This allows for

actlvatlo |

o RGN R T A RN SHERRSHL PR gt oivssons
asbetbialvEgdI & ieTamsmsripeciations-dvschllawsdpr dserrnsyutiiomakivural
flowetbauricredtting enheiredsumabristivesodmissrevandsor kgodshipEhis

preferred example shows the processing steps and application of the

f | fel tal ts. In Fi S5,
e ST R R L1 ot B RE e e asoour

15"!98’%?51%@&%59&%@@}6 [ShOreAh RIRSRFSHIG SRS randi srriARE ghthe
mapdxe forglekessig dcineplaisyolesriexdf visenipitebereslour, edge, sound,
volume, taste, olfactory sensing, colour cones, rods, pain, contrast,

MYYE ?Q& ER&'?.%H Snrn%}%"ﬁ!*&? QenP e”?pepn%%;olr ﬁgt\l\%r%rig ntn“uf;zed at

te %ﬁ
mecﬁg]norece tors, temperature, 31 ermo- rec or, nociceptor, mo

laRBuitr! e B%t%’r%a*?élﬁéfgf ﬁ?&%%erﬁﬁﬁ%@%fﬂﬂ in gefifRd crshieat ap related
nelarnexarepthded efdinadiiwbgeionnestlin potrat, SeLTectepie stiantisythansing,
askasli- donssthedieparnicdmestonERREY axistaits MoranerchHRian els,

va&u&&%&? JEPE&%FP‘:%Q:;Mn‘S%QQp‘EB%‘ n@%wmé defined gleme (;:?Amce for,

neuron elemental neurons must be created, and are attac as a list
of LORSl B0gHA0S, & ara%erﬁéepc%? H’@[ﬁ%ﬁ”§§%‘é%ot neuron being
represented by node zero in the array representing the neural

The elemental neurons are then defined/programmed/input at 52. The question is then

asked: does the elemental neuron already exist? (53). For each unique value to be
represenied for each defined type of defined elemental neuron, 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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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. 30 The first, or next initiating, neuron is then found (56).
This is designated neuron A. The subgequent neuron (neuron B) is then
found (57). If an association of neuron A and neuron B already exists
(58)eithie &%@.ﬁe%\tg%%&a&'gé%%%nm 0L DS WR G 1{, i §ater9c%§ s the
represen e association or combination of neuron neuron B
(5875P4 ?ﬁjgri‘?‘i‘g“ﬁrocess reverts back to 56. Neuron C can be referred to
in this process as the associating neuron. Figure 8 is a flow chart
prevgaiag meraisieteihalHionms GrtrS8eafirigutsps. dd%esg%ﬂ?@[@é 5 Here

Drﬂ&&%ﬂﬂ%@s% nip Qégrﬂ HENSXP elie QQSer?&reesernt?ed s % %gf:]aet oha ISe:m or

q?] ence of elemental neuron events. in step 81, the even et
to TSR Bi&IRIRRLF QMM A¥R¥Sevent pattern or sequence. A matching

neuron is found in step 82. The matching neuron is a neuron 10
(Memangtirnibenet Rinet ey thaarécbRMEIRICALIGAME LS PURBLS or
" 0BRCTR LRGSR ENERIRPaIDoEb o 1 them%ve”t&?gﬁgﬁramumn

matchin ron is defined as the |n|t|at|n neuron (neuron

pomeer )tPi’ UPHLE W%B&WSWt%WQH‘%ﬁ@?BF MR the Pattern
netVBRRURTGSoRTt SYeIie peiRtedvienby Tihaviterir pristehinghiee maichisghvenron is

fodefthént stepH3 inBiy WisroeynemémoNIoTy:IsiRnt eiRvER @heVaplatiy
thecREEREOIHRASUMRBS RRE RS AL GBS SYSRE RN g%nJh'S

another matching neuron is defined as the associated neuron (neuron B).
The event pointer is then updated according to the defined rules for the

netNAPFRASANGS Bt WotiiRe At iBvetae. 34- tiiganaliisenasean teerooiatingor
nétgonvsirasseriatinnbarstdratwaps enestad, swhiegidini@nyorulemto gt
C%&Fﬁéb’ ﬁwaugrtmtwaeu%ﬁgmﬁateatm Qﬁ%%@%&%ﬁﬁuiﬁn B).
0 i e aying ¢ e

proﬁggﬁbﬁﬁ%ﬁqﬁ%ﬁiﬁ gﬁggégﬁw?e%d%‘ tgn o???v%ee nt s}tla l%’ Gr’f{aa' Tsawork

priSddLdg Qaaﬁrﬁ%’ SBifg MR IRt BRECREtR) RUERRBH & Rsiions are

always created, subject to any rules to the contrary. Generally the neuron C could not
have previously existed, otherwise it would have been matched at step 82.

Having completed the processing of a single pass, the same data or event sequence
may be processed again if so desired, extending the neural network structure
accordingly.

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.
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25 accordingly. 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 30 being processed. Figure 9
provides more detail of the process steps 82 and 83 of Figure 8 -- the
finding of a matching neuron. 15 In step 91 the matching neuron pointer
is set to zero by pointing to the root neuron. For each successor neuron

of ﬁha&pfmm@%@dww ASIRRM Qdihidr @%@ktbsz%%@y E&ﬁﬁt.ﬁa ﬂqr%rpamgumﬁ

cogplete expression of the successor neuron s the subsequent
ev{:é%rﬁ orqéve%%%s%?rsneeaﬁ ce mthe PaREm"sP i%&’bgﬁcé Bheslidn oG to

preeEssing fiths rompiae m@’%@é% HrososeesetapusWiakhesbesoivresuen
theveratehinghzauramisrsetinh@piticlo tieaRaes S0V BBIHE PrdBedsaE S

thﬁ BYRNIHRAGE B O RASRNES, 13 \AClioR, ﬁt&%@%@%@ﬁﬁﬂ?&&gn is set

u%%ei\% I;{o %omt to the remalnde‘ﬁ| r of the pattern or secklfjence of events

that, RN & e S T IR R oSS r B 8L T e s AU 9 1
APt 8vertineiples iepPatadiustersieneaing Hobsnamabd, dhtseapn®m or
theeti0ematohivgnieihenrapointrais netwaechpeinEngTiethedast matchbiags to
n%ﬁ@e%@ Haﬁmm&ceﬁ%sn%mﬁ@p%% E'%E%t LOUWSHAES IR DY 84 the

eta F“e process Of e creation of a assomatm

neuron g s?umri(r))f' e |n|f’: mﬁnecl%t’ r'thntgo%\g (S 8L TAHES BEHSR: |§%%tme
15°1erR%E %U‘tﬁt‘iﬁgﬁmtlatmg neuron, and in step 102 the associated
neuron pointer of the associating neuron is set to the associated neuron.
ASRRFNGIHIRG ReHSRLBRS t%%%@feﬁ%rﬂrﬁgm@é'”%Q%?ééﬂdﬁtof a
acégé%ﬁﬁqm% %&%F\edpn gt% S"l'&? %ﬁs nxp atin uron ﬁoelrncg? {hes assesE);[:? ﬁer% ] 15 is set
ext neuron pointet oFthe as elron s neh SeTY BéE
oIS B BB AR SR AR %é%i%ﬁtﬁ?@%@tﬁ‘éﬁemw*% o
intbegsa@ititigenswonds ser ip tintegsotitiedinitimtin gAsdbecssscseintpneoint tas

theo assasissingiersORaing Hedh jhe AssRitinocnRMeN Resuaas dhadiish
ew@ %La edish AhSYGEE989) PRI AL IR RS, 0 ﬁ& Hialng {A%Lg&%céggm.!s@mn is

ment? n%auron re resentlng a common characteristic ma
en s e equal 1o the successor neuron pointer of the initiating neuron Finally,

organise
in step 105, the successor pointer of the initiating neuron is set to point to the
associating neuron and thus the associating neuron becomes the first entry in the list

of successor neurons 1o the initiating neuron.

A group of elemental neurons representing a common characteristic may be organised
into a cortex. Thus, it is possible 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 interlinked and related to form an .
infegrated ‘brain’ which can provide not only an integrated learning environment, but
also the potential for intelligent behaviour.
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25 into a cortex. Thus, it is possible 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 distingt patterns or events, can be
elemental neurons 30 in another neural network. Multiple cortexes,
po r t u aI netwarks (and the neurons within
th e%r?]gy%ln({'% iéﬁ%e?%ﬁé#] Jﬂ?@ Jy cﬁ?re]%%mllntegrate%?ﬁlﬂ’%h%‘ﬁ” a
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sedﬂéﬁ!@é@ﬁ&&ﬂehﬁ@tﬂ&ﬁ%&ds tibathic aiemstiuctioniabanyReIdE0s RABrACo be
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se esente single neuron, and
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new@],nbelgg%QMQ complete experience or memory (sequence of
events) to be expressed, recalling the experience. 15 The expression

ablllty is implemented by way of the initiating pointer and the associated
15 pofhersrdressian rmbiliy nisn itriemanied stumayeo s osiiaing phistratatinhe
Figasecktedpbiskerdapsadsrennamradgeeracyrtheniesireheck in step 111 is to
determine if the initiating pointer of the neuron to be expressed is equal
20 PAIOM sy e an taI neurgon and the process reverts
é?p T14 W (ﬁets?‘éét%{;&lress s ilctlva?rc') SRR SRR ede e dirsAlpek in

sté?%%l Wtﬁé"ag%*smmsd heintatRg RemissehihmBesIemisrhaletaened Stheual

20 vale@gendt vesidt B e 2riskmetsel. neuste priilifd pexprassianiotdhtep 114
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Newnere paiRiesoioibYdRtbiiatithg BRHEN BRI Aithestored in the associated

neuron to represent the elemental neuron. If the value is not zero, step 112 is started.
In step 112 is expression of the neuron pointed to by the initiating neuron pointer of the
neuron to be expressed. In step 113 is expression of the neuron pointed to by the
associated neuron pointer of the neuron to be expressed. This continues until all
elemental neurons representing the memory have been expressed.

Each neuron in the neiwork has an address to identify ifs location within an
addressable array of nodes where each node represents a single neuron. All neuron
pointers refer fo an eddress of a node representing a single neuron in the array of
neurons. The bit size of the address or pointer will fnﬂuence 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 2° or 4,294,967,296 neurons.



neuron to be expressed. In step 113 is expression of the neuron pointed
to by the 25 associated neuron pointer of the neuron to be expressed.
This continues until all elemental neurons representing the memory have
been expressed. Each neuron in the network has an address to identify its
location within an addressable array of nodes where each node
represents a single neuron. All neurony 30 pointers refer to an address of
a node representing a single neuron in the array of neurons. The bit size

of thenaddrasss eemeiisiaeavil IRTRRCARGRAKIMIED lﬂ%ﬁ(lé?ﬁufr‘ﬁ“éﬁ@? or
po&ﬂ&h‘?et%*%% RGRIS &%@‘r%%#@nsﬁ(ﬁ Fhay bs Blct g”t'”ﬁ ihe nehal ”ee%“é%ent on
For example: using a pointer a dress sizé of 32t swﬁ?’é"ﬂowt &
cAhe el PPEPRe GIAPYRe AYBIREC dRISEHh ff/on épnado Ak podis pointer
neaskivess. @ehitgtilfach neuron is represented by a single fixed length node
in a convgntional Ry Ty Rin@ir ek JRRBHIMESHPENSYIANSRAL™AY Rfs.
stored in an arra WI|| 2 dﬁpendent on the total memory storage
available mterna Ra/or externaﬁ ahd on the pointer address

architectf¥e: 5 Pa?% EE%‘P&N@W&%&%%&%’&R]MW HRIWATMepress.

. 216 neurons. Tiis is €400 3eeomsns; (b) a 32 bit pointer address
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architectyge W'|Eaib)\3ﬁf96|%rt@d%!%%@8iém@§turgmﬁl igitvl 5 LGP Al Sons.
(c) a 48 bit poi s @grﬁﬁésgh,{&%ur%a/vnl allow for up to 24 neurons. 10

This is 2.7 x 1014 nayrons; and 84 bit pointer address architecture
will allowFor up§48% H‘@Utredrﬁddrﬁﬁﬂ%hﬁegt&“i@i’éw@m&ﬁé‘%g theneurons.
human brain ha?%!&ppﬁo&ﬂﬁ@fel}etllonsz neurons, it may be possible match
the 15 capacity of a hundred human brains using a 48 bit. pointer address

afﬁi@‘%ﬁ‘&%ﬁa’?%@ﬁ h38 Qﬁﬁrl%%&&? Wh%'iﬁoﬁ@t |§ g)%glgle maich he

addressm it ma?/ bpossmle to have the cap aC| resent neura

stFuEﬁj%g FSPER BT IPSIY AAR %‘Eﬁ%iﬁf‘éﬁf’grfés BctPAifoRased

hhEe @Fﬁhmé@ﬁawwm %%ﬁ@@éwt\mé mereg neseikekiodaedie

withpastgigt peesaininuunl cifetir@oioisiging of 10 neurons, the equivalent size
of 10 million human brains wired together.

To represent the neural network, a node will consist of a minimum of four pointers.
Each pointer contains an address to another neuron. As explained above, using an
address size of 32 bits will aliow the construction of neural networks consisting of up to
2% or 4 billion, neurons.

As shown in Figure 6, each neuron may be represented by four pointers/links (P;, P,
Ps and P,), in the most basic implementation. Each pointer is a link o the address or
location of another neuron. Typically, a neuron will have four pointers, the minimum
needed to create an intelligent neural network with expression capabilities. However,
a neuron may have more than four pointers, to provide additional functionality. For
example in creating neuron C 1o represent the association of an initiating neuron A and
an associated neuron B, the following pointers are required for neuron C:

P1 — a pointer 1o the ihitiating neuron, i.e. neuron A,

P2 — a pointer to the other neuron ’ghat participates in forming the association,

i.e. neuron B;
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Each pointer contains an address to another neuron. As explained above,
using an address size of 32 bits will allow the construction of neural
networks consisting of up to 232, or 4 billion, neurons. 25 As shown in
Figure 6, each neuron may be represented by four pointers/links (P1, P2,
P3 and P4), in the most basic implementation. Each pointer is a link to the
address or location of another neurong Typically, a neuron will have four
pointers, the minimum needed to create an intelligent neural network with

expressigs capabilities; Haw, @f’o@@%ﬁpﬁlﬁ\a eg:]r%\rﬁg tﬂ%ﬁﬂ%sﬂ%%ﬂrgﬁngas an

pointers, tq provide additional functionality. For 30 example in crea

neuron CHSFE]SHEEYRD RS LERHIRRINIY AR RHIRRIAY #%lron A and an
associatdtf neupoints, i ibefotdwingppdimicisbnes eeurred feritdiioing nfiton

- a pointea tAdRSuBiat it BIRIErasY HewrHlENON A; P2 - a pointer to the other
neuron that participates in forming the association, i.e. neuron B; 18 P3 -

a pointer to a list (LsC) of deeper level neurons that has neuron C as an
inif dEE AL BASE SRRcB5QPHIRIBPFOI e HRYFEE) CalldeorssapoilfePigyide
thénfeenetinsno thelprgcdsaersdsthe arsrciated nsinitidingkaepikon  (a 'next
successarspainieiiar B auRLAY) 6 dsiditionatneinists wanalsehesefined,
for neuro&&é{a@&pgaﬁawégr%?yégeg An]ftgpsngrgié)n on the precessors to the

T P5 - )i

associated neuron, For example a pointer to a list (LpC) of deeper
g 15

level neuf8ris thEPAEE et A% 28WAN fesp dishdbBhdlfohag skee
pointer); assgciged Gewppdintexitoreprsarrkpeisigrdn in a list (LB) that has
neuron B as its associated neuron (a "next precessor' pointer). Deeper

leyglpeions W&%OW%P?&&H'%&%%Q&&&R&%V NS/l CEISAC acn

stré{ctéjhﬁallneuron as a%tlleats onemltlatln'§ neuron, and one associate

netron-a 15 SngienBursR Qe A E$asHraR 808 RS SSRAGERE BRYP
218ngle nevanctt iRl SRyTeRresRIhatsaavenes s Npderiiitin R4 elemental
neavetts tEmondynessoaigteondtivmiatonrsiohsbarsaadensite with neurons of

the same level.

Thus, in storing new sequences of events it is only necessary to identify those existing
neurons which represent existing event sequences in the event stream and associate
these together by constructing new neurons, e.g. if we have two event sequences 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 o form the letter
combination “TH” represented by the associating neuron 711 in level 1.
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Thus, in storing new sequences of events it is only necessary to identify
those existing 20 neurons which represent existing event sequences in
the event stream and associate these together by constructing new
neurons, e.g. if we have two event sequences 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. 25 This is illustrated in Figure 7. Figure 7 is an illustration

ofg oss/i@ée euraﬁn twork derived fromProcessing text and learning,
for M IRerlieriie BUY SaerHcoiae™ 27 roanB s ieieaiss e e
colRHBR HAMBEIRNBRKCAT MitRANIHIPiBAIIbA SHRdea " asIbeiativg aswcine dombther

cirdlgchfindrdinbiiesia cBMeptineheinsessia-aRgarae 730 mertenante
(NS ASRRLIAUNORCH A TR A), J06 030 IRl BRHIBNQ4 4L

the secontd elegental neturon 702 in_level zero recognise or represent the
letEVSSPIEA % H1° ZRRPURLETSHEYD %Bim the letter combination "TH"

represented by the associating neuron 711 in level 1. 19 Figure 7(b)
shiewiyihe 7tjo) | doe ka1 ) | #lenmesiany OR freeg Risirgdeidoticrers —ansh 1R 706

fourtpglemenial A onising-the, space, - these t
AR M s RN S UG W
in

com SPEOTRE WHRM A R&YRAs 711 and 712 in

assomé'ﬁrt\'anneuré?f)?fﬁ”

level 1 associate to form the distinct word "THE™ represented by the

asswcthtingiesuloh afl!"m Figune 7q),panrdeyithacnrx tra alemeatil
n%&egﬂnﬁlﬁyalga@rﬂ1@@&%%&%§eﬁﬁﬁl‘g¢%m§%&!;s&;lﬁ{ﬁ%@."%:{;CQAJBHS"HZ; and
T T T

represente associatin evel

GRS 07 dss Sertas (Rt Newists 784 sedcresenaihas siserainig to give a
neesolh #1 thénasspelaling presemtiisg tineleorhBimatiom" T iNeis eo MEHEL AGHTH”
71Bighrr A@s@rialg)Jo create a associating neuron 722 in level 2 thus
forming the 15 distinct word "CAT™ (Figure 7(e)). Neurons 721 and 722

carn }g_('an asggciqlg to give a reSlfJ:I_t at the associating;neuror] 731 in Ieve! i
3 SRS hrhse® :‘%—@”‘@W RIS PR E0F dgRoanises the letter *S
and associates with neuron 706 to give a result at associating neuron 715 in level 1 for

the letter combination “SA". Neuron 715 associates with neuron 714 in level 1 (“T*") to
give a result at associating neuron 723 in level 2 for the distinct word “SAT"”;

In Figures 7(i) and 7(j), neurons 708 and 709 recognise the letters "O” and “N”
respectively and associate o 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 () 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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For the word "SAT", as is shown in Figures 7(h), neuron 707 recognises
the letter "S" 20 and associates with neuron 706 to give a result at
associating neuron 715 in level 1 for the letter combination "SA". Neuron
715 associates with neuron 714 in level 1 ("T™) to give a result at
associating neuron 723 in level 2 for the distinct word "SAT™. In Figures
7(i) and 70), neurons 708 and 709 recognise the letters "O" and "N" 25
respectively and associate to form théletter combination (and word) "ON"
represented by associating neuron 716 in level 1. Neuron 716 associates
%Fr%’iﬁ*%wmﬁ Wiive NeHsQnif 2 96EatMNGMBRIGR 722 (T8 B fave a
thesglif b ocewmrd30di Ale preaeTAE3NTIEVel 2 associates with neuron
724 to give a result at associating neuron 732 in level 3 for the clause

'S @74'?'%%%% 731 ang l7 2 |n Ieveallir% u?éassomate to give a_30
resuﬂ neuron Vel g tor A0S HERER T S FABR Afor the
FigHireacy (iAHm&AH" %Et%’%% MﬁT"?o 1ib iederyrifh §arie demesiaing aedron
adsscihtingt auithnitiating melf6ntargivecaasstitiat nawoan Abdwdndeveltdey can

thes\atanisReRinaion 5%}9%%%9HM@SﬁQ.C@mYM&%H@Pn%&%W"
to.give a rseu%télt at neuron 725 for 2 the.rﬂgsgﬁ é r

associates with neunr%gur§°7§5 PIE E}] B give faf’ ?Péﬁ?sﬂt'?%3? r(—fﬁ@
plEEE™ALEEWRR TR6 e hizsh r?&mﬁaw%aﬂnas'ge@%&etwg%’m@suﬂ!\"

at(fgdiand N (ri Tevel 5 for the S sentence
"THE"CAT"SAT"ON"THE"MAT". It is clear that each associating neuron

haf% %&%lh%%%%&%@é'ﬂﬂ tr%lfleg Qnaedu%n agW%CIatg_‘d neuron Olf Wrgvig\rfel 0

neurons can have mu tl € SuUcCessor an rocessor neurons

eXEFRgs R dstey Heu%‘ﬁ"‘f’@17011*"%§agcaﬁ§c‘é'§éaﬁweﬁr%ms‘f?eqjvemh@at
"Treuren 7Y Qied thesasainating """ (NeatirorEieéeesacktes iwitin 2060 &sgive a
thieeiniesasso 7 REIFARS dERBRREBHNIN' CRelth IR0 S ockiet/ i ﬁaﬂon 719
"N Pesh @&m&t%%m@%ﬂma{{&teMAF'agf;%z(g%vgss%@a with

neuron 7 1 in | nises the letter IT. Neuron 7 assoclates

er?]uneu r6R t?0 MR il ‘fi gﬂﬁué?" HEGr&H PRSP RSP MTHEMATTHND™
NBBYES G81a88d dateBavithpastopistedadiyr e dessiresuieatonetde o 2pe
forabiretimbinaporsciitiec pheare MAZOCASTISATEIBNWHENSATORNIFY to give
a result at neuron 726 for the combination "AND™'. Neuron 733 associates
Vﬁﬁg%&%ﬂﬁ% gtr%s I gltg eelérc : eAr'nzef arl tngu(r:gnmlpelgr%tslgrrl]cs only 1

letter/character. Each neuron in level 1 represents an association of 2

letters/characters; in level 2 each neuron may represénts an association of up to 4
letters/characters; in level 3 up fo 8 letters characters; up to 16 letters/characters in
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 of up to 1,024 letiers/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 caseg;
3 the 10 numbers;
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Neurons 741 and 742 may the associate to give a result at neuron 752 for
the combination to represent the phrase
"THE"CAT"SAT"ON"THE"MArAND"" 20 In Figure 7(n) it shows that in
level O each elemental neuron represents only 1 letter/character. Each
neuron in level 1 represents an association of 2 letters/characters; in level
2 each neuron may represents an association of up to 4
letters/characters; in level 3 up to 8 |étters characters; up to 16
letters/characters in 25 level 4; up to 32 letters/characters in level 5; and

sd*forth iRSMAtRHESTAIER idesElah SIARIRIIe0B] e Ehrndere prpsariasEc

associatiegbohndp to 1,024 letters/characters; and each neuron in level 20

cayld reprgsanbingassosiatinmRf ;é%tofr%r{mé?ﬁealemﬁ@nem?tﬁﬁ%e
n

As can brgqggen, for text recognition the number of elemental neurons
required’is qlﬁ?é limited. One elemental neuron would be required for
each of: 1. the 26 letters of the alphabet upper case; 2. the 26 letters of
théhalphabet ddwendase nddiréhe bGuirambetstha Indnibe G24vdiRCi atiotured
anepHIAGRAT AEIe ANt NBRRA IR iGeHeY RO 2 ARY the
OISR GRESLAGISIC IO (5. G eek AIRRRNEY At IAY oe
requireg.% The number of Struaiura neuronsgreqU|re a % AUPRBEPBES

leGRIIEEs o8y thendhe OhEg drREneg GHH ©arrarewEr: dbndse b ierovragsis dfe
thdoperagrets netwioed unindyrilime  [Easititeg probess ot singithepaxassplelafises,
ltes@rﬂ_emnismagmﬂ Uénbaér@{I QQ&&mﬁfﬁFss&Q&Qﬁr_ﬂﬁﬂirﬁBchiﬁ-% A%t the
In, cum .
SRR O e ) SRR RS Vi
SETRUTERE WG ESREICEH IS 1E° PERIESt ANErdiotdRiainerAgRiEtheterbe
offitbieplai s mecprsigrahess\wetkdsbal et gesaBynwraken fobetmeple| ibaltdie “N1”.
playsroind/iliasndShakesne aseoneds wienTdrsl Using HemrerarsinveBtisk
inr’&%&ﬁ??&ﬂzﬂg@%ﬂf&eﬁ&pﬁe the simple arithmetic sum of those required for the
independent processing of each of the plays. Only the exira neurons required to
process the second play above and beyond those created for the first play would be
added to N1 to give the enlarged total N2. Neurons for any previously existing letters,
words, phrases, clauses, sentences (and so forth) would not be added, but their new
associations would be added. Upon the third play being recorded, the extra neurons

required would be added in the same way 1o give N3.

By the time the final play was entered, the increase in the number of neurons required
would not be great. The main increase would be at deeper levels in the neuron
structure where new associations would be added. The deepest level could be a
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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first play was recorded there would be a certain number of structural
neurons "NI". 15 When the second play was recorded, within the same
neural network, the total neurons required would not be the simple
arithmetic sum of those required for the independent processing of each
of the plays. Only the extra neurons required to process the second play
above and beyond those created for the first play would be added to N1
to give the enlarged total N2. Neurong%or any previously existing letters,
20 words, phrases, clauses, sentences (and so forth) would not be added,
bt e FRERICeratieRRitig o ter D aradtitaieny penbinetiem dhelagpb Singsed to
re pnddljrih esenttral meuw@N 35 TETHECOAVOBAT tnadtHedathe FameaRydoin
iV A3 BMbe e IR RN PRI Lothgecrease in the

number eyrons reguired.. 25 would not be great. The main increase
would bﬁi%dé%ﬁep Qv’le*lls inséh ﬁgh’rfilﬂ d Mcture where new associations

wlingrreraRieRilpnT Ree gewsiust fkoyekeswld:be a single neuron having all
associatitms, refired (eorepreBe mm thri evttiraiy alidhe plays. 30 As
each neuron in each level can associate with any other neuron in any
|e¥ﬁ] t esugrﬁt a third neuron, the number of potential
permuta ons and iRaHERY BNgRaB [ePSYRIS, Aorginationg ig Jeyel 2. By
coisRinhtite riiRfmtdor desiechpbiertier dor eainabilivaniong feweriayobeduce
usectiiminate vigkebiingioes uitisbnguran BS énhbhkedCAT ' SAT"'ON"THE"MAT".
For example, in level 1 as IIIustrated the following combinations are
regor ed H -EN."C Other combinations
o} 25 b heuron s cohpiland L caban@  rehaspriog. Sl i
W&%ﬁ%eﬁw B eIRIPTE CPRrRsespp e DI Tl BR GIeiIErS
Ievet@ﬂByeimmmgmﬁwbrﬁeaﬂmammmdmwwecﬁwme the
neural network, to reduce 10 or eliminate combinations, efficiency may be
SHANCHY: 'iiét,isxse'rigyn%grgitciﬁe% PSESiEL" ISAANaP IR OLieP RN,
a sequence of u ementary events Re first element can be
ef’b‘F’Z %Sé‘a“birfaiiawm@'ﬂ?@fdsiwf‘évgnﬁﬂ% tHe ElemRIRANGHTRSE: fEveptTiRre!
allWe s refat e BXRIsEeRI) @ @RResHIRG. by a single level 1 neuron. Two level 1

neurons may be expressed or associated by a level 2 neuron and so forth. If a
sequence of 1,024 elemental events is activated and learnt/expressed by the network
then the following number of neurons at each level may be processed:

1,024 level 0
512 level 1
256 level 2
128 level 3
84 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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15 Elemental neurons may be frequently activated both for learning and
during expression. In a pure binary implementation two elemental

neurons or root level neurons can be expressed or associated by a single
level 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 elemental events is
activated and learnt/expressed by the network then the following number
of neurons at each level may be proc@%sed 1,024 level 0 512 level 1 25
256 level 2 128 level 3 64 level 4 32 level 5 16 level 6 30 8 level 7 4
level 8 2 level 9 1 level 10 representing the entire sequence of
eldhtienbasic dveriisvan iidirersaBiogime hetiieerbne HanRs Han@was 4éve1 10

Milisese MduRtdNG L0RkIEYeh RdeRkd %\,Qr?ui@é); \%ﬂhﬂgcg%g ar ﬁ@éeg eond.

flr on&: eve% 1024 mIJ|IS%_(}30n sa?r once a secon us If the arra

ror R T BT U R SR 5 RESEEIST Ao Bnaton of

urat s
dlﬁﬂ%é‘ﬁw bseke/iraas dgerpieldes/enprsansneoutsllbebstetedie dhirslower

sl sivergstoeane/ arenvatyat eapsding te PPREHEECE RAFRIMBRAES®Ession.

learning and expression. In the preferred neural network structure,
elgn} ntal neurons have a }(helr initiatin euron the root neuron for the
e s

nedra e sieiet ne Mt gUPh MBS Jheir initiating

s’tr
tWOI’ structure IS a Ws aﬁ

elé‘ﬁ‘r%?ﬂa"l"ﬁe’ﬂ%rﬁ@‘t@’b@bﬁéatéﬂufﬁﬁ fHREWRK rEthetrh afhisaglioycap reolifivtee
elomeradinenents) Adteonativoly/ cretasiantahaty rapscmarbraieoater deiine

PrereiaEl RaHome VIR RENRICHRRRINE RSN SEHGIHS 2B 845 hined

eI%@g&t&&%g}'gQr&%l é}%%nmbt%e structure, and each elemental neuron can then be
directly addressed (e.g. for ASCIl text characters 8 bits), 256 elemental neuron
addresses can be pre-allocated (0 1o 255) and the address of the first structural neuron
will be at address 256. o

In the preferred mode, new elemental neurons can be added at anytime, anywhere in
the neural structure, providing for complete flexibility. When using a predefined area for
the elemental neurons, processing may be faster as there is no need to search a list of
successors attached to the root neuron.

Elemental neurons may be represented with their initiating neuron pointer set to 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 fraces are readily expressed.
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directly addressed (e.g. for ASCII text characters 8 bits), 256 elemental
neuron addresses can be pre-allocated (0 to 255) and the address of the
first structural neuron 15 will be at address 256. In the preferred mode,
new elemental neurons can be added at anytime, anywhere in the neural
structure, providing for complete flexibility. When using a predefined area
for the elemental neurons, processing may be faster as there is no need
to search a list of 20 successors attaéfied to the root neuron. Elemental
neurons may be represented with their initiating neuron pointer set to zero
- pointing to the root neuron (whether it exists or not), and their associated
nedsaRv@pIRIRILS_ipidibenealvaiRbih calementakaveniiecbssse prereried he

byﬁé@&@ﬁmﬁwh&% %’s‘f@&’cué %%@W!%‘ﬁrﬂgn%%ptﬁé%@& oses m order

determined or jdentified easily as its initiating neuron value_is alw

zeld PINSR AP HEH Waire 48 My rﬂﬁﬁ'fahgeﬁvgléigyd‘ﬂf% etBPfn ﬁi‘é’(}ﬁ’f'e ew
weshRgiEtiRg ORenEn ol batabdedionthe cadsef tie ilitiatinghedistorpuld be

valhiiriaised on PamnEngitortie, rﬂﬁﬁé@ﬂ@@ﬂoﬂ&@@ﬁi@@ ethodkdnway, bRurons
USGRR o %S%}E'&l &%5@9&9(&%«3"%9\9&&{5@8%%8 R ESSR0G8OL P ne

neural n lfre ented, In the E{eferred mode, new successor

neli?3ng t&hgn“ﬁ]i’ltl ﬁl]'gtH%tufB?{%rreQ%‘? MnPElaEd WmeRYiRd TS ks more
THrerersielethBysaplsaigene thetrelday memasidniaistiigreeand rof [tnethigs avdyess
rediesy wexpanyriraegsrasgoreadily expressed. 24 However, various
options are available to maintain lists of successor neurons. The neural
struc ure allows this dﬂeatu)‘r to 'S§ useg n any manner the user chooses in

ARSI RInERoRAIRD to% HEFelf APRERRS SRR TIYR SEaPte

or er o provide a
exEfppals e Retvatian [yin §friBe Ireesst Ao az] e antitirieg feyfameitkaut
or Hiaénigs coel elpbtsaiatessat inerstrangticst syreptic alpinabitiieakiaiessicad
so forth. Likewise, neurons which are frequently accessed could be

e e R S
more recen

expressing the
ctlva e emorles are aways more agcessbBle r'Fﬁls also

ST APRIER e ofie REIER AEUEFTH S Ref' e e epinRERetdhe
exprvINceresgited Sivinelastociaied maerotheobikele riththivitisting pdiden sedni it
repressiiEne exlativethyna@tiental 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 learnt. For

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

itis possible io create neurons that represent the following phrases or memories:
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strengths or activation levels of the successor neurons to an initiating
neuron without having to use weights to represent the strength of
synaptic connections, if so desired. 15 The memory represented 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 elefental value of the elemental
neuron. Otherwise, the 20 process can be repeated for the initiating
pointer -W&%s initiating neuron pointer and its associated neuron
pointer, ad&igeNB¥th. Thus, any neuron can be tufty expressed by
expressipgriSapAs in order. It is possible to create neural network
structure%%e}%ggmin.g knowledge learnt For 25 example, if the following
sentences of text are inputs:- LUCY"IS"CRYING"UNDER"THE"TABLE".
JOHN"ISAPEANGEGA | N"THE"PARKA. PETER"ISAREAD INGAI
NATHE"GHAIRINGMARYA ISAS LEEPING"UNDER"THE"TREE". 30
JOHN AIS"RUNNING"INATHE"RACEA. PETER"IS"PLAYING"O N
"TME‘{SSCXSVSI%Q%‘.H I\é{é\liszl}((:'{':ggﬁLKrlNg"ONATH E"PHONEA, it is possible
to Create neurons thar represenp?ﬁeo?ollowing phrases or memories: 25 IS
CRYING IS RUNNING IS READING IS SLEEPING 5 IS PLAYING IS

T AirkiMGitlis Hoissiblsie [Eahidths Bllosinpggsssrsneumensrid® Similarly it is
possible gpsegaiqithedellewing phrases or memories: UNDER THE

TABLE UNDER THE TREE
IN THE PARK
IN THE CHAIR
IN THE RACE
ON THE SWING
ON THE PHONE

Thus LUCY is associated with IS CRYING, but IS is associated with six different
actions. By changing the expression of alternative successor neurons for 1S, it is
possible to express up to six different phrases/clauses:

LUCY IS CRYING

LUCY IS RUNNING

LUCY 1S READING

LUCY IS SLEEPING

LUCY IS PLAYING

LUCY 1S TALKING

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

Effectively it is possible to generaie new expressions based on the structure ** IS and
IS **.That is:



10

15

20

30

UNDER THE TREE IN THE PARK IN THE CHAIR 15 IN THE RACE ON
THE SWING ON THE PHONE Thus LUCY is associated with 1S
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/clauses: LUCY IS CRYING LUCY IS
RUNNING LUCY IS READING 25 LUCY IS SLEEPING LUCY IS
PLAYING LUCY IS TALKING Althou%_fh only the first phrase was ever
learnt, or input to the neural network, it is 30 possible to do the same for
Jépﬁ‘ﬂl\,' ETER and MARY. I'—_‘ﬁgﬁx)é‘l? it is possible to generate new
exjfradns based on the stiGdieNING and IS ".Thatis: 26 LUCY IS IS
CiRXiNGs JOHN IS IS RUNNENSEAMARY IS IS READING LUCY IS IS

S
possible to create or express
syrita

rases/clauses that are all
Eﬁc@lly correct, and are'aRRe mantically correct Similarly: 10 ON

IEEE@IQIG 5PETERIS IS Pl%%{(%g’l\} TALKING Therefore, it is
X6

THE THE TABLE IN THE THE RARMG

Therefore, it is possible 1o create or express 30 (5x6) phrases/clauses that are all
syntactically correct, and are also all semantically correct. Similarly:
ON THE THE TABLE
IN THE THE PARK
UNDER THE THE CHAIR
THE TREE
THE RACE
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:

{318 {3 () 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 learning and building a neural sfructure of memories, and also allows the
combining of those neurons or memories into new expressions or behaviour, according
1o 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:

= s able to leam;
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UNDER THE THE CHAIR THE TREE THE RACE 15 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. 20 Combining the two sets together gives
the structure: {*} IS f (*) THE {*}. This provides for the expression of {5} IS
{6} * {3} THE {7}, or 5x6x3x7 = 630 possible 25 expressions, having learnt
only seven input sentences. Thus the4leural model allows the learning
and building a neural structure of memories, and also allows the

combfifih §eregreaecaraliiiesor memories into new expressions or
behasouss aceoigiogs taniseimefined processes. The brain can explore

new coRCaRIROLAYAGSSHAN AL ASRINIALGAILASIDIG Wilh what has

rewousg/ been learnt, With millions of 30 neurons; it is possible to
expreSEEMEREBPLY SEE8ally correct sentences. That is, the neural
network structure provides an ideal method for creative expression. By

USEhOé B petiarkebamekolesesiashaee witiRRasleota v iRy SI8Much
thatnds aolg &éqg%ﬁxg %&L%@él%ﬁ 'OﬁrC@g%f't'??aéﬁan&Ofes redicting

associations rather than data; has an ef cient usage o compater emory

andPSORIGE SpAEeRRRy 'IE%B%EHB&??B% SRTEH. ‘?P'T'Hi’}grtﬁ’é“ﬁeﬂﬁfﬁ'ﬂk“?gf
abheresee Bbspreehpaiteiad. Withiep ttepaschf ark tofatitagarim siettrtitrmdata
becahpieasioryang g fsrhiustries such as, for example, monitoring and
predicting stock price movements, Internet surveillance, security,

oﬁ%)uter \flr%&dq}ectlon hgases in é)gech baréd 'E)ext clauses in speech
Bl ASIRChSt e, 0?.' giogesses described above may be implemented in

software or hardware. If in hardware 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 learn the next
eilement 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 slorage
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. i desired, neurons may also maintain other information such as, for example,
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10 compression, and so forth. The neural network structure and
processes described above may be implemented in software or
hardware. If in hardware, they may be part of a chip, all of a dedicated
chip, oran array of chips, all being elemental and or structural neurons.
Elemental and 15 structural neurons may be in part of the chip, or may be
in a memory array of dedicated neurgns. As all neurons exist, upon the
first pass of data the first elemental rfSuron will learn the first element of
the data. For example, the upper case letter "F" in the example used in
Figi§rEeaueiIty it SR SO RIS RS TOSF PYRECHRK MR Hieg TRk
dattprégavrusingiheuak aoniptd,db Bigisierogisilavedcase letein'the 2(ks for
AnrgbsthititBoAiths alemeRiakagirons 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
SPEBHETRI MEEEIS e FREFATRPRANINISUTRRE Nt OH ¥R TeVEIaswAfb Beadengetbpr
le achfeciveivthnd indetheliafovithcatdohdd dnpto Hedidessto kegenanittisDieeices
processor speeds. 25 Therefore, there is provided a neural network based
o {c SACRRLsA! DSUTans. Jacliding seRsr and molr neyons, and, o
synaptic connections. Each neuron in the "brain can be represented by a
siRBTeSHEG ASEASAISRF o MIRERRSAP IRt 'SIRTIRY Rigwiinerthaveryahsiypire and
fixexrdesingthiheodewrah eomeectigner nTbmowiwEacleaynapti ceating Gissocizdions
30hRdaPHRERAL Y Y RLKEHIOVBBIBAMEAES YithiB RRGILAGHS RiRLSL,
”%ﬂﬁse%;ﬁ?%qo%”@fyrm%}ﬁ& 0&%&%&%‘%%@9 g%w?&?eﬁgggslyo?figoégts%rc% lon%Eh\Aenrth
neurons In the data array. However, motor or sensor neurons contain a
ST GHIBRS SRR ST PRI T GFPIRES P Y RY A SR BRI MRaTRFEA et
E&dhemensirfetrad rsthoexmsetiinsof@otwenneurons. If desired, neurons
may also maintain other information such as, for example, 28 the

ff%&%%%ﬁcﬂymrguémﬂéﬁé’sf%%@@mgo?"éi&&%ﬁ%é%%w Nearon

the nL{smbe of Processor_ ne.L%r.ons, and so forth, to assist processing an
(= ar(;i{creiﬁ |} é)

tohe Use G SIS P RN X RIS IS CRITT BT R QY PARRSY agd by

E RS ERERRAOPRIWEBIRREBIding to sensory or motor neurons can be
defined for interfacing to and interacting with external input devices or

eXHRIRRIR AL RAGASy 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 10 execute one or more functions to perform the methods
described above.



The neural network can be represented and built/constructed based on

the neurons and synaptic associations, with appropriate rules for creating
the neural structure and 10 traversing the neural connections. The
network learns by creating associations between neurons. For any

neuron, its representation can be recalled and expressed, and exploration
of multiple associations and permutatigns of its associations, with other
neurons can be recalled or expresseo‘?gNeurons can represent memories,
where a memory is defined as the expression of a neuron. 15 Interfacing
witff Wﬁﬁgﬁfﬁiﬁﬁs#ﬁ?&éé%?ﬁ@ I8 e YEreRedSTeaRIar AP EERE G 1EtRERS of
evibaty egdicneeaniing, ihwiih beiosdefsiepdtbthestaridied is feprebanimy that many
NeVHRiiDRSH ModiiRMiGRNE aeting slrMeE RdMewieS: abpataitrcing \Withhade

Ie%%g{gt 85 graerp[;]?3 Ontl{}% ?rrés%%]m%nq{og?(ternal motor neuron events and
creating memories of oufput 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 25 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 30 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. 29 Whilst there has been described in the foregoing
description preferred embodiments of the present invention, it will be
understood by those skilled in the technology that many variations or
modifications is details of design, construction or operation may be made
without departing from the present invention. 5 gy LLOYD WISE
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30 The Claims 1. An artificial neural network comprising: (a) a plurality of
neurons, (b) each of the plurality of neurons being a processor with
memory and being in 5 an array; (c) the plurality of neurons comprising a [ oyp wisg
plurality of elemental neurons and a plurality of structural neurons; (d) all
elemental and structural neurons beingaonfigured to be associated with
others of the elemental and structural neurons via active connections; 10
(e) each elemental neuron being configured to: (i) represent a unique
Ut ae into the artificial neural network, the unique value being at
least one selected from the group consisting of: a stimulus, an event,
tventdnagiigabneeshneiparteenmerisiaguence of events, an elemental
stimulus, a defined elemental 15 pattern, a defined elemental data
elemgéi‘, a ba3iR SHRSYIGES: and an output stimulus of information

being&B}'oceS%@h%@gﬂQiFiﬁﬁﬁ'@% 5@6&%’%‘9% Vglé're K& &llf%pr%rwgr?f%nd being in
activated by a structural neuron; (f) each structural neuron being

configured to:adGifphyeceive input from a pair of neurons of the plurality of
neurons and with which it is an associating neuron; and (ii) express that

input &8 an odfsurleERtivaplRaH shaagroRkstose ity gaineftaheanoms and a
for expression, 2. An a%rtificial neural network as claimed in claim 1,

wherein any DSBS %Tﬂ?&f@ 0f"H8 eurons is able to associate with a

neurogyjn the p|wightyref AN e AGHY %eﬁ\%%ﬂﬁagt%% 18 B0 ated with
neuron in the plurality of neurons, the further neuron being one of the
plurality of strottenabitbaraaseht£Daa W istura heurons via active connections:
(e) each elemental neuron being configured to:
i represent a unique input value into the artificial neural network, 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 when activated by a
structural neuron;
) 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
(ii) 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 piurality of neurons, the further neuron being

one of the plurality of structural neurons.
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3. An artificial neural network as claimed in claim 1 or claim 2, wherein
each structural neuron represents the combined information of patterns

by the pair of neurons with which it associates, the structural neuron LLOYD WISE

receiving input from the pair of neurons. 4. An artificial neural network as
claimed in any one of claims i to 3, whegein the 5 plurality of elemental
neurons is in a root level of the neural network. 5. An artificial neural

network as claimed in any one of claims i to 4, wherein the pair of

BEUroAs saifRiisesral leagiene saleces bam thegiawp Lanssing & huctural
elemental neuron and an elemental neuron, an elemental neuron and a
structfifarefeiaRIAsets thecearabined rviaranad ot lEtiemaby éveronir ahdeairons with
structural neuron and a structural 10 neuron. 6, An artificial neural

netwolll'SS ERSRIEATT ARG SHEHIBRWEN B %Y A% KiRih KR g Paffef neurons.
Rluraliky, giReti oRarls ALG O MOLRARIBGHEH oM IREIALR COBSHINGOfe
initiating neuron, associated neuron, and associating neuron; an initiating
neuroplleiitgofassoeiate davidnas #sa06taleteNELI N NYa - GTRIARSHONS to
the associating neuron. 15 7. An artificial neural network as claimed in
elaim 87 FHEFEI avei I akRTl Pretipbnedhe any sveiafedritesiion Andrgrein the pair of
assoc%%tirrl% neuron Sarsea?t()?nn?cted bfased gn ?Qroximal characteristics, the
proximal charatteristied peivy AFERS A B8R {BRBSHR SSPRFANY plénrgmental
magnitugie ARstriadive asitiRaeh AR MRHEASING RRCESFEGtBcff neuron, a
artificial neural network as claimed in claim 6 or claim 7, wherein each
initiatistgu @@ at@eroonisrabie eassoai ataiwitheadplusalitwbiassesioted a structural
neurons to form a plurality of pairs of neurons. 9. An artificial neural
netwok'#8"claimed in any one of claims 6 to 8, wherein each associated

euron is able to asspciate with a plurality of initiating neurons to form a
Dy S A Ao Rt Pl i g
In anyNE RARPAITROrADiWRE §IMYBRB Ae NHRE R RFHIBRRSEINE D initiating
input and an associated neuron receives input, the inputs are transmitted
to all assoxiatsrprieteromsuairthenihitiatiigtingureur@nartheitasisgaiatesch being
LLOYD WISE 32 neuron, the associating neuron of both the initiating
neuroﬁsaﬂ(aattﬁg \gggaeigféacxated 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 piurality 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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neuron then being activated and being able to produce output. 11. An

artificial neural network as claimed in claim 10, wherein the associated LLOYD WISE

neuron is activated and able to produce output in a manner selected from
the group consisting 5 of: at the same time as the initiating neuron, and
after the initiating neuron. 12. An artific@ neural network as claimed in
claim 10 or claim 11, wherein the activation or production of output of the
initiating neuron and the associated neuron is also based on proximal
charagtgiisiiase B3svadrbficial mesmsdnehvarkiamslained elpinddaiated
wherein the proximal activation of 10 or production of output from the
initiatingp resuiem apddrretyasatate daraurdle tapsedia@t damst.one selected
from the group consisting of; the creation of a new associating neuron if

nbne ERISIE TBYRUPEMAAESIRTBEH IR S BEMBene ThitiARRPRataReuron is
and e REWASRACANNG K18Ua0 A PRIRRIILE A350ciafed ReLRN A0 cisiing

the new associating neuron, the strengthening of existing conne
betwesinditadrifiatingnd 2o @iy PRiang MRS asRERE ML ARNHaeen
the associated neuron and the associating neuron, and strengthening of
e adsoeritivigl Reurmeluork assrifiord incdmiah étworkaias dlaMmediirtisantivation
13, wherein the st‘r??n theninn?) IS b‘éé_maintaining a frequency count of how

o]

often & SSEGLPL IS HRUFShTE LRAUS IS R SHRCHRS ARatiAlhBEHER dndise
the assoQigicd RN A9 dReAqartificial neural network as claimed in

any one of claims 6 to 14, wherein the associating neuron represents the

$am ohmdnatidarepresented ki sheaintainganeumvaadithaasstririedtivation of
neuron. 16. An artificial neural network as claimed in any one of claims 6

to 15, WREIEIRIOACE enepuh§sptiasiiitiabugoe velsreserins assesidtednevesutauses

need not be created in another 25 neuron. LLOYD WISE 33 17, An o
ot B RS SRR Lo e P ST D G P10 AR asociating

the phualdy iphsiRmRBialRRMONGHS RN HIHREEIS B&ﬂXSQ%HéWRHéﬁRgIlREuron

artificial neural network, and provide all output from the artificial neura

netwoskd 118 Aewaatifioiating uralroetwdrkeaseelaime dssvaineonewedclaiond d new

to 17, wherein all
associating neuron, the strengthening of existing connections between the initiating
neuron and the associating neuron and between the associated neuron and the
aésociating neuron, and strengthening of the associating neuron.

14.  An artificial neural network as claimed in claim 13, 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.

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 claiméd 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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5 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. 19. An
artificial neural network as claimed in aBg one of claims 1 to 18, wherein a
level of 10 the neural network is a deeper level within the neural network
structure if, during expression, more steps are required to express the
efementak RN thaldiveapEesaiisedth Ay BHHGIAlNALFRINEAWRRE @ the
claimed in claim 17, wherein associating a pair of neurons is learning,

and exigraiginbetepaintaineemonts isoefkipuessionrebsidl allnpattifictad aeiticed! neural
network as claimed in claim 19, wherein the artificial neural network is

bi-dirEEHER% ARhPEEAG Al PRt & ayaithg RAFISIALN e A5¥Pdfse mode

PeINg AXRIRSSIPR 241 AR Rificial r work laimed in_any one of
claims 1 to 21, Wﬁerein the a%ficﬁ%?%ﬁ?a e%ﬁfﬁ?{??éfﬁ%s@@%%ﬁg” al
and nesurgist idptesantateRiasei s 2R patieraenaidh R RAHSBEH Ofnd processing is
associations. 23. An artificial neural network as claimed in any one of
claim8tiegsboneierennairitly nauipRteXpressng bsphntbaeiiomstivigndugh a

consis%i(n of: a sensor neuron and a motor neuron. 24. An artificial neural

networle S8 @RIREETRSRGiFe SPAISIRIS Y %e Yals P aragipper pattern

StructlaaeANF DRSS R RIsality of elemental neurons. 25. An
artificial neural network as claimed in any one of claims 1 to 24, wherein

tach ah thifiphinadityaofieteurions itaminel 10 He expressaithd YR, WASEIn3dievel of
26. An artificial neural network as claimed in any one of claims 1 to 25,

wheréltf fHRUAURNEG e cierrfaeHRINERE Hirdnewrtnatiateatortireduthetng

for th%p%ms%x i%oggt%mig?d b thedrgature of the ingut to be processed.

27. AR SIHiIal nedrar Network ae LNt iesRy Sriagealimg s Jhat i

whereipthgsrsmemory is to store a frequency of received inputs.

LLOYD WISE

20.  An artificial neural network as claimed in claim 17, wherein associating a pair of
neurons is learning, and expressing a pair of neurons is expression.

21.  An artificial neural network as claimed in claim 19, wherein the artificial neural
network is bi-directional with a forward mode being learning, and a reverse mode
being expression.

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 artificial 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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28. An artificial neural network as claimed 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 claimed in claim 28, wherein the plurality of LLOYD WISE
pointers comprises two pointers for providing expression and further
pointers to represent 10 associations. 3. An artificial neural network as
claimed in claim 28 or claim 29, wherein each pointer in each node
contains at least one selected from the group consisting of: an address of
@B0th@NetRen; uelemaaiRl arhnion ANAIEMEALRRY 9o 880 \therein the
frequency count. 15 31. An artificial neural network as claimed in any one
of claim#n2griof 3@Mehiateieutes rothitercbfrplointers depeines fontadunraetion is
being performed by the artificial neural network, the number of pointers

for eafREUPSH BLIRG "awEasf Hiringst IR RifesaPAdural network as

2megiBANEPns. Al SRR Baitedienng, Lagion PLeaeRYRIR e
to a neuron is selected from the group consisting of: 20 Ini |a?|ng:
associabngpl4acessera nextisHeLesaYeNkliagnifiating neuron, precessor,

and next precessor of the associating neuron. 33. An artificial neural
rEtwo K 2stEmaTeY T’ rely ohaotlelgiatkingam3R wiherieinaah pasomise node in

pointe{ for an elementglfguron represents elemental values. 34. An
artificial A4 FRAWSHEL L W ARMR BN 8RR BF Elaims 28 to 33, wherein

@'é.25M?Hﬁ%%ﬁ{é‘u%F%&%ﬂ(‘g&%ﬂ%ﬁ%ﬁ%@ﬁ\ d%l’l@r@?ﬁ { Egﬁjﬁ(,%ﬁgréeﬁ] ointers

artificial neural network as claimed in any one of claims 1 to

the artdioialsestiwal prtiwarkoisousedifgreapleasiroasiseledesoifss RS epresent
group consisting of: LLOYD WISE 35 monitoring and predicting stock

price ARRRSIAINS, Internet surveillance, Internet security, computer virus
tection, computer spam detection, phrases in speech and text, clauses
% Spe&haéﬁﬁaﬁe%?@arbﬁg\br?srgnaaecém%%f%‘f&'ﬂf&%?ét‘f&”%owherem each pointer
recogiinSRINARIR AN s TR SEBLAIPRR! §1318,01pQU8 t%%%m?&o U6Siddress
and data 5 compression. 36. An artificial neural network comprising:
of another neuron, an elemental value for an elemental neuron, and a frequency

count.

31.  An artificial neural network as claimed in any one of claims 28 to 30, wherein the
number 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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(a) a plurality of neurons, (b) each of the plurality of neurons being a
processor with memory and being in an array; 10 (c) the plurality of
neurons comprising a plurality of elemental neurons and a plurality of
structural neurons; (d) all elemental and structural neurons being
configured to be associated with others®f the elemental and structural
neurons via active connections; (e) each elemental neuron being
configured to: 15 (i) represent a unique value able to be input into the
artificrabnieaia) aedvseskicayigtertitbacsnavenvahise Peigosgiighce, Internet
stimulus, an event, events, a sequence in a pattern or sequence of
event8S@HtY (FPeRpiesy timdeinrive, valueuss apeoutmiecton fHreseshin speech and
structyrxe%l agusrosn.bein% c}é:l)nfi lt,ll’ed tP receive input from a pair of neurons
20 with WNIeh 1t1e a880¢ ﬁ\%‘g ok ParyiLirs YRR Rioreaties frdsiPthe
GrouDoEaRRIRINah AL L FlRTBRNIBL ARSI AT SR eyOle. one

a al'n

‘s, and data
structural and one elemental neuron, and one element Uron and one
structewalpreesivon. 37. An artificial neural network as claimed in claim 36,
wherein the plurality of elemental 25 neurons are in a root level of the
euraf el nevirbaehverk sremRaRRguron represents a unique value,
the urag?ue va\He eing at least one selected from the group consisting of:

u

a stim us,%ﬁ é@%%t%%‘ﬁ%% sequence in a pattern, a LLOYD WISE 36

sequgpre QK iRe MLAARBNRLAIMWS, 3 HRfRed SIMERLA AURELdhg in
defined elemental data element, a basic input stimulus, and an output
stimulus ofanfamaation being processed. 38. An artificial neural network

as claimed in claim 36 or claim 37, wherein each 5 elemental neuron is
select8l frdhs Wiy b RUHERSIFR i engehRiyFaibUsH Al emanal mrsttns and a
neuron. 39p®%ﬂyi£ifc@]u%ﬁ%§lnggrtgygk as claimed in any one of claims 36

to 38, wherein al

(d) all elemental and structural neurons being configured to be associated with

LLOYD WISE

others of the elemental and structural neurons via active connections;

(e)  each elemental neuron being configured to:

(i) represent a unique value able to be input into the artificial neural network
system, the unique value being one of: a stimulus, an event, events, a
sequence in a pattern or sequence of events; and

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

)] 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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neurons represent at least one of: value, information and pattern; and

processing is at least one of: associating neurons, expressing the pair of || yyvp wise

neurons with which a 10 structural neuron associates, and expressing the
value information or pattern represented by elemental neurons. 40. An
artificial neural network as claimed in ag§ one of claims 36 to 39, wherein
neuron associations are represented in a plurality of deeper neural levels;
the number of levels in the plurality of deeper levels being determined by

the extenicotths padtesndo clovataresesaed OHENUE KR MAIBER @, a defined

structural neuron represents a plurality of elemental neurons. 41. An
artificRipRenielldatnenres adriednipHtrimUs, witbaeinuipetrstimides of information
elemebntal neurons and structural neurons required for the memory is
determined’ BO)? ?ﬁ%eﬁjature of the input to be processed. 20 42. An artificial

seurahnehwrik as Faimerbin a0y ane Sfclrimsa6 I dh %Wﬁ%ﬁ%c re

of the plurality of neurons is able to associate with a neuron in the plurality

of neelpmtdbrheact\wleorbecionstgraufusthergiayemndrdheopPheaiy £d a
neurons, the further neuron being one of the plurality of structural
neurdR8i4BeAR rtificial neural network as claimed in any one of claims

sg to 'g‘f%,a\r/%/iﬁe'r ipeme' nze W%rr‘(ificia‘ neu&al network is]c bli-directional with a_
Grward Mode Demy Iearning, and a feverl RIS BaiAg &8 lretsigherein al
LLOYR WhFreprédéh: AN aadificialonsuiad Naveikian Slimadin any 98bing is
claims 36 to 43, wherein the artificial neural network stores associations

and nat lagstibclatd: ansonipirseaispatierrs it inppaiesnadfrons with which a
associations. 45. An artificial neural network as claimed in any one of

claimSBE A ACWRB RIFPERS GG K pEiRgith oraleaivingnationiertpaiern

exprefséz)gggf}@é y%rl il;‘i%ra‘fapﬁ%g%n%gtwork comprising: (@) a plurglity of

neuron each-of the plurality or neurons belng a processor with

noemaoty aastRe iR IR claimed in any one of claims 36 to 39, wherein neuron
associations are represented in a plurality of deeper neural levels; the number of
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 piurality 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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10 (c) the plurality of neurons comprising a plurality of elemental neurons
and a plurality of structural neurons: (d) all elemental and structural
neurons being configured to be associated with others of the elemental
and structural neurons via active connections; (e) each elemental neuron
being configured to: 15 (i) represent a wyque value able to be input into
the artificial neural network system, the unique value being at least one
selected from the group consisting of: a stimulus, an event, events, a
$2AUENCEHida PRI ARFRHS BRI LU oAB &eFRIES ST INRefhin the
defined elemental pattern, a defined elemental data element, a basic

input 20ittiahokhisalardvankcitprst sttocilieef infdrodEtion betngroragessests
and (ii) express that unique value as an output; f) all of the plurality of
structBPHFASUMIAE Balisnankatstsértiaptessed in terms of the elemental

urops from.which they were derived or represent. 47. An artificial neural
o o D FUTh 5 et oo o
bi-diresg@nakuyjteradoryard BRI beiBgieataing. and a reverse mode
being expression. LLOYD WISE 38 48, An artificial neural network as
tfaiméd irrtdleimhreerel netinrkigomyhieiegn the artificial neural network
stores associations and not input data and recognizes patterns within
patterif of ARLYAILYIGheC UM AN artificial neural network as claimed in any
one Ofkﬁlalné%é"@Oph%%WQﬁ{} Pntglﬁ'o%ggglr | n%trvc\)/gerkslcic’r \pvii-ﬁ“reeCtignaal.r\\Igii hein i
all elemental neurons being able to expres their eemen}am/aqqué%, an gn
all structuradsmerisgns being able to express a pair of neurons with which
they associate. 50. An artificial neural network comprising: (a) a plurality
of nedfons, e plyyaliicel oftienperalitistioeplonkibeintpaaratessonwihd a

memory and bei node in an array;
y piuramgo structural neurons;y

LLOYD WISE

(d)  all elemental and structural neurons being configured to be associated with
others of the elemental and structural neurons via active connections;
(e)  each elemental neuron being configured to:
(i) represent a unique value able to be input into the artificial neural
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.



(c) the plurality of neurons comprising a plurality of elemental neurons and

a plurality of structural neurons; (d) all elemental and structural neurons

being configured to be associated with 15 others of the elemental and  LLOYD wisk
structural neurons via connections; (e) the artificial neural network being
bi-directional and being able to operate3a 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
elemeialriRisons 2o tilsAl DRWIBIheBVR A% SRIMed M 9RiTHificial
50, wherein the forward mode is learning, and the reverse direction is
expressionl B2wvahk sintifisiat sveiatdnsetndnictdspelaiatediid alatnbopatiains within
52, wherein the neural network stores associations and not input data.

53. ARSI ARARIRBvork as claimed in any one of claims 50 to 52,
ugrerein e 2a E‘&H&?h%}%%ﬂsr&Biﬁ%&?’iﬁsa@‘gﬂregé)gf%‘i'%%s4 ?étﬁ%“%i\"ﬁhi'r?the
patterns of associations. 54. A neuronal as em%lyo an artificial heura
networkythie seiRnabaGEaMEHY CaRRIITRthandNHEHRS BRWPALRM. express their
associated neuron, and an associating neuron LLOYD WISE 39
operafigsieiahrduas crodthltBsueiitratingurensrbeiranabtb toassoesate gair of neurons
neuron; the associating neuron representing the sum of what is
repres\'gmg&'?ﬁbtﬁ?é( ﬁﬁﬁg‘flﬂtﬁ' neuron and the associated neuron, and once

Hie aseQaiafing RERERRIRSEMD AsifgSUIL, the result need not be created

in another neuron. 5 55. A neuronal assembly as claimed in claim 54,

wherefa) theagstifigia) sfeig@bnaetwork is as claimed in any one of claims 1

to 53. 56. A neuronal assembly as claimed in claim 54 or claim 55,

wherei®) wherch g aliig e navierehaingia precasaca it swrimecnd being a
neuron receiggg .ingutai the inputs are transmitted to all associating

neurons of e |rmia%ngar¥euron and the associated 10 neuron, the
associgfindne paaiRf BARBIRAINGAIRG AL ANTINEATSAGIAE ons and a
neuron then being activated and being able to produce output. 57. A

neuronal aggeraljyohstelaimachéurckadm 56, wherein the associated neuron

is able

(d)  all elemental and structural neurons being configured 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

comptising an initiating neuron, an associated neuron, and an associating neuron
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to produce output in a manner selected from the group consisting of: at
the same time as the initiating neuron, and after the initiating neuron. 15
58. A neuronal assembly as claimed in claim 56 or claim 57, wherein thetLOYD WISE

. . . e . o b w2
activation of or producing of output from of the initiating neuron and the
associated neuron is based on proxim&Scharacteristics. 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
causegpataftieastantgelanted framiten grasppansistisgpobteneteatiane
of a new associating neuron if none exists together with new connections
betwessehiatingingigMERFepeing the sehohwsatiafieryerenion kirfe initiating
between the as %%iated neuron and the new rf#lfsociatigﬁnneuron the

n

strendtRESIG 8 BRigtey Bl ISR B NSE 't &StiRting REoFPRIRgents @
the asgQgiating B ABNbPSIWRERINR assAciategsipuron and the 25

associating neuron, and strengthening of the associating neuron. 60. A
Atethotl feuroredtinge amblpssadatod iofodurdh vimeagindttifiaréficieiraliral network is
network having a plurality of neurons, one of the plurality of neurons

being ZClAiR&AHD HYLRBR of EBYDMASE 40 another of the plurality of

urons being an asspciated neuran gperatjvely conpected with the . .
itatihg FGHBH T 2 HFH ek RECHBIT B e ATy of REGTORS Belhgrapietng

assocmﬂg]m@wﬁ;gsqa&wgw@%%ea%&i N&E%W@é@i?@éiﬂ%ﬁ?ﬂ'\r&m Slare
the associated neuron; the method comprising: 5 activating or producing

an outputsnittadiredih HEsbog ieurewrdoputtetiatatihe ressoc@ihipe essotiated
and activatin%or producing an output from the associated neuron to

potenfigHEAnt eSS 9 BUESLARAY MsLEVR NG NELBR AR aaperated
then being agivale and, ARLS ta.prodkics.an ouigyl: s agsociating

neuron representing the sum o represen gc%f/"f ie initiating

BEUrOA A&dtdha assqeinjes BRUFRRD.iRBEIAEE IR raaIAEIZNEIBRIIRS o is able
represents a result, the result need not be created in another neuron. 61.

A methquasictainiied in zlaanmeo selbdedifithehesgociniingsidingoer:ist the same

eXpregﬁq%dagst/he initiating neuron, and after the initiating neuron.

58. A neuronal assembly as claimed in claim 56 or claim 57, wherein the activation of or
producing of output from of the initiating neuron 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 cutput 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, one of the plurality of neurons being an initiating neuron,
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the associating neuron expressing the initiating neuron and the associated
neuron. 15 62. A method as claimed in claim 60 or claim 61, wherein the
associated neuron is activated or produces an output in a manner
selected from the group consisting of: at the same time as the initiating
neuron, and after the initiating neuron. €3. A method as claimed in any
one of claims 60 to 62, wherein the activation of or producing an output
by the initiating neuron and the activation of or producing an 20 output by
the aasotiatedtneproalis basecait PemdnaleBatREtR KGN CpeATNEINAnected
as claimed in claim 63, wherein the proximal activation of or producing

outpU¥ e tRdistinmting ere@ohedndherenassocidtod piertin dassesnabeing an

least one selected from the group consisting of: the creation of a new
asso&atmg neUrHR" r?gﬁéa@ﬁ&é) ?B@%‘Eﬁgrvﬁﬂm‘?ew@é'ﬁHé‘@ﬁ‘b‘?ﬂs"‘lﬂgtW%en

the iniiatingeHEARANEANRBRY S ReSpgating neuron and between the

associated neuron and the new associating neuron, the strengthening of
existingicatimgesntipns lutiwee o dipetintiating inewiog Aawdd O ¥EWikaEnd 1
the associating neuron and between the associated neuron and the
assoGERRFIRE BN CARNStrengthening of the associating neuron. 65. A
methgg,(iz\;gﬁﬁlalmed(|E1|EIJ any one Pf ({Iﬂlms 60 to 64, wherein the associating

neuron reprasents the Suf SHRHALL LG AP RS RIS RHERNIOPRstHaH 27d

e moF

the agspgpi ek 8388 PRe Aomathod a3aitgRAIBFIALR By S BIRY and

once the new associating neuron is created to represent a result, the
resuliehiegd protibescre ateput) thn atiserintnyoruror .réprasthnshaseciaimsichingt is
any one of claims 60 to 66, wherein once the associating neuron
repre’EHESaiReL O thRHIRIND Reuh B Hihe asaedais Anewrer aedse the

68. A f constructing an artificjal neural petwork comprising a
pluraﬁ%/g%g,%% Pc%r?é?%ﬂwg %Fu%’ﬂ|tsyaorlgﬁlé,grtgﬁéegggﬂﬁ%%ﬁoébﬁl ﬁ%%?ﬁ?}%‘? another
elem@stadmeurons and a plurality of structural neurons, the method
comprising: defining unique events the elemental neurons will represent;
Ereatihnatired assthimer e clefine Bimentatineir aissdcintihg tetabniselpreefed by

unique 15 values to be represented for all defined events; the unique
valu eﬂbeeﬁaogtqgrégspawgn expressing the initiating neuron and the associated neuron.

62. A method as claimed in claim 60 or claim 61, wherein the associated neuron is
activated or produces an output in a manner selected from the group consisting of: at
the same time as the initiating neuron, and after the initiating neuron.

63. A method as claimed in any one of claims 60 to 62, 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

LLOYD wisE
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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 [ LOYD WISE

input stimulus, and an output stimulus of information being processed; 20
the plurality of elemental neurons recei¢ihg 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 Bfethesstiatingraéwouramststing ndreatesbbiptherassaciation ©haspaiiting
of the plurality of neurons; each of the plurality of structural neurons being

confidlifd8 o B R ERTRAGHT RS detiRahBH®Y the pair of neurons,

pajr, - s Initi tlin ran & d an associated
ggeeu rc?;g nﬁéﬁ%@ﬁf%ﬁ@&ﬁ{ %Fégg%s%(ﬁé%oﬂgo%ﬁe%p%u rality 'Bf%% BrsREgBmgeuron

basedeapnepeaxintal shasaiersiosaranebaash ofitheng HEANK 9f SHHCIA) sieq
neurons being configured to express the pair of neurons. 5 69. A method

as cldiftédnin claim 68, wherein any one of the plurality of neurons is able

1o asspciate with %neuro,n in the %Iurality, of neurons via active
connéc |§ns°\fl}(;a§ PR RESIRENGh tHReHRI QRGP P h B R RRS AFiting thrstron is

neurm@s@aq&%@ggm@aoéggantyheoie%w%ggeq'n% yrons, 70 A mefhod as

: : . ! @ urgR.
claimed in claim 68 or claim 69 wherein al ementa[r heurons are aple'

67 expresstiiheiaeitimenia waluese andahsEUESLEE! DRLKINS RISRYIS R iating
express the pair of neurons with which they associate. 71. A method as

claim8UIPEIERRERON R ASPEILLHE fRr bhaed ron dés select @dafrothetiresuron.
géoupAconﬁgggnog of: an elementalljj{feuron with an elemental neuron, an

elemental heuronowith & SgGaar Cf?é@r%ﬁ?‘d‘gfmﬁgméﬁif&ﬁﬁﬁﬁ%iﬁv of
elemeiiabRs U bidrahfy SHHGHHEAL B&%W%g'\\@? ﬁtﬁ’vgvlﬁygt&r .gllepneeu W3l t%%r'o'r?\s and a

method as claimed in any one of claims erein each o
pluralitpefitnetisonsiisabneuesnz)are seiecieddiprsihg group consisting of:

initiating neuron,
defining unique events the elemental neurons will represent;
creating a required number of elemental neurons for the total number of unique
values to be represented for all defined events: 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 stimuius of
information being processed:;
the plurality of eilemental 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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associating neuron, and associating neuron; an initiating neuron being
associated with an associated neuron via connections to the associating
neuron. 20 73. A method as claimed in claim 72, wherein the initiating LLOYD wisE
neuron, the associated neuron and the associating neuron are connected
based on proximal characteristics seleated 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,
wheretie24ey¥ekabithe meliata@) sratarskdvaitteepaidlevel vl haracteristics;
artificial neural network if, during recollection, more steps are required to
expreg8the elemental neurons. LLOYD VJISE_ 43 75. A method as

claimed ip claim 72, wherein when an initiating neuron receives input and

o o SBET AR BL S Y BRI (P FET SIS S QARG a3 e Par of
assocjatipghdeurons of the initiating neuron and the associated neuron
respectively, the associating neuron of both the initiating neuron and the
associateetmeluonitesd i beingesciinateth angd being @bleldoaprosiueirons is able
output. 76. A method as claimed in claim 75, wherein the associated

neurol? RSELHFRID 2 AU BLIS M [RIBHAN G HPARYE 3@ oA TRSHPRO a

group CRFSiStin of: af the same time as't e(i{nit' ting neuron, and af .
the BTG RALFON 07 ARt SR SR SPGB plualty

wherejp dhg-astVatigaRf or producing 10 an output from the initiating
neuron and the activation of or producing an output from the associated
AeuroA rsdiasdsoriapreximalaingidotarlistic§9 Mefeimetlmehas Elaneednnare able

claim 77, wherein the proximal activation of or#)roducing an output from
the inf@atimieae it epItRE yeksaatad AbtiferwalrugonsgEsppigdo express the

selected fr9m the royp consisting Sosf(:) gg«; creation of a new associating

neuroR 15 in¢ lﬂr&%g new synap?c ConRections between the initiating

AQUIOR AHath LB RWInASSACERIINGy DeWReRRNADSAWBERIEna3Sa6IERM from the
neuron and the new associating neuron, the strengthening of existing

synapgic o poresitignisdistvelemen&imigiaingvitheair efe aiedtdh ecassociatigmental
neuron and between the associated neuron and the associating neuron,

and t@@@%&h@ﬁﬁ@%ﬁge&g%aﬁwm%HgH_ron with an elemental neuron, a

structural neuron with a structural neuron.

72. A method as claimed in any one of claims 68 to 71, wherein each of the plurality of
neurons is one or more 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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20 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 ¥presented by the initiating neuron
and the 25 associated neuron. LLOYD WISE 44 81. A method as claimed
in claim 80, wherein a memory represents a plurality of elemental stimuli,
#hd eacheglemanialistioulugis repieseried AlresHNIL A slRMAMRLIves input
neuron. 82. A method as claimed in any one of claims 68 to 81, wherein

the n@vfhap asssieiatethiaudmeageives roguirtt tomapresdritrthreitiedruoy associating

determined by the nature of the input being processed. 83, A method as
claimgaﬁf?%shé e b |agne wen s R Rerefptest heHE  GerRectively, the

represeaiediy ﬂ@ﬁ&ﬂ&?ﬁéﬂﬁﬁeﬂRﬂﬁtiﬁ‘g%%%ﬁ%@ a%%ggien?giﬁ&?o%gen

plurality of pointers. 10 84. A method as claimed In any one of claims

to 83 bathgraitivthedplndaliy gkelemestaluaeaipns is in a root level of the

neural network. 85. A method as claimed in any one of claims 68 to 84,
{fnerdirimedtad ipstriding hsLreims Sambasindke eizaecisies agluralinacivated or an
assoc(%a%e&lt neurons to form a pIuraIit}y o;ggirs of neurons. 15 86. A '
methSd Be SRS A ORE STRSSTRTS B8 I BEruRSPaRistgerp: at the same time

ass0cigtee PRIR 8RS ARPSRASILS L3 Rlrafity of initiating neurons

to form a plurality of pairs of neurons. 87. A method as claimed in any

Ohe ohctwitnziG tnBsdvhersin D5ioe daeraBsaaialisly teHEavaRPrese M faucing
result, the result need not be created in another neuron. 20 88. A method

as claifhedRHtNndhe btiglnercer e d therratbmtigneopriratigusing an output from

elemqﬁéal peurons IS confi%)ured to: receive a}LI input to the artificial neural
rK,

network, and provids sl SURSSE fromPiRE RR RERPRE PP Pretwork.

78. A method as claimed in claim 77, wherein the proximal activation of or producing an
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
including new synaptic connections between the initiating neuron and the new
associating neuron and between the associated neuron and the new associating
neuron, the strengthening of existing synaptic connections between the initiating
neuron and the associating neuron and between the associated neuron and the
associating neuron, and the strengthening of the associating 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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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: 25 associating neurons, expressing the paif yp WISH
of neurons with which a structural neuron associates, and expressing the
value information or pattern representeddby elemental neurons. LLOYD
WISE 45 90. A method as claimed in any one of claims 68 to 89, wherein
associating a pair of neurons is learning, and expressing a pair of
BEUTrORSTISIRPEE $HANe 9 AaiRetoodRsamalmRe IR MBI NG
artificial neural network is bi-directional with a forward mode being
learnistgrantbbstevdise thedd beimgreximigssionissg2e femethivdais by an
claimed in any one of claims 68 to 91, wherein the artificial neural
netwoﬂ?%}@i%%iations and not input data and represents patterns

‘é’é?hi”AQﬁ‘é{ﬁéﬂ%QE%ﬁﬁgéiiﬁH“ o] eigo&lg?rg\tshgéj tg %f: l%\}m?g irghaefn%r%ﬁgé%g elemental

claims 68 to 92, wherein each elemental neuron’ 15 selected from

groupreensistiBguR b RIS eAHeE IR IO Pnand i BIGERS OBy 1 Yt of the input
method as claimed in any one of claims 68 to 93, wherein each structural

neurobeirgpteseptsd plurality of elemental neurons. 95. A method as

laimed in any one of claims 68 to 94, wherein each of the plurality of
B LroRdTE A #5¢ BIES R O HEIRE ol 5 CHAFFRD FRIATRYES S

wherelguHas.Rlleal R LARIOLSLR BHBRIRER Wiy 8RR AIRIS QIR IR of
expression and further pointers to represent associations. 97/. méthod

as clapuietdig claim 96, wherein each pointer in each node contains at

least one selected from the group consisting of: an address of another

Réurof, Betheterp siiaerhinatyran dleiaated iredfonharsihdheaiurelizypf elemental

count.nggr. ﬁsn;ethod a{s,lclalmfe'g in claim 96 or claim 97, wherein the
numbér of Pointars 98 R S oA RINERE A being performed by the

@Et.iﬁCiﬂlrﬂ@cH!Sﬁle[@éW%EdqﬂeaW Hﬁ%@{f QfaiRRiBkIS dor \ﬁﬁ&%iﬂ%‘d&ﬂ%ﬂ%@ Aburon is

least two. 99. A method as claimed in any one of claims 96 to 98, wherein
a functive tofassctiaeoirter idaigurioasis selected foastdiergraphurality of pairs of

consisting of: initiating, associating,
neurons.

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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successor, next successor of the initiating neuron, precessor, and next
precessor of 25 the associating neuron. 100. A method as claimed in any
one of claims 96 to 99. wherein at least one pointer for an elemental LOYD WISE
neuron represents elemental values. 46 LLOYD ,NM 101. A method ag e
claimed in any one of claims 96 to 100,4gherein all neurons are a fixed

length addressable node in the array. 102. A method as claimed in any

one of claims 68 to 101, wherein the artificial neural network is used for at

bzast enadriaciedifiaBdhie-ayuH ePBRISINEAL BYYNRMNY AdcRting a pair of

predicting stock price movements, Internet surveillance, Interr_1et security,
COMp ORI NIAS @@tebmand@nmemeingpamidﬁteetimnspﬁmﬁmspeech
and text, clauses in speech and text, plagiarism detection, bioinformatics,

Vision'tEBRREHCSERTAE ARV Fespiéa ADM o waladhrlpigiesdirectiona
rObOti%haar\“grg@% ey B%ﬁé?éqgargi%?e éng%mgyé[ %r?grrsfilgel%re? r? diy n}ession.

: [S):4
comprismg a computer program co conrigure cause one or more

PPOCEBSAETHANHOLIENRBORY 40y FRCSIEIANE 65 YL HREHANRISRRIEPH ral
the method claimed in any one of claims 60 to 102. 104. A computer

usableghediure @srapsistiaanconsiuten prbdataaco dep cosefiuetktos cdige
one or more processors and/or memaory to execute one or more functions

to pePBIRTHY ARERRIY'R%imed in claim 68.

93. A method as claimed in any one of claims 68 to 92, wherein each elemental neuron
is selected from the group consisting of: a sensor neuron and a motor neuron.

94. A method as claimed in any one of claims 68 to 93, wherein each structural neuron
represents a plurality of elemental neurons.

85. A method as claimed in any one of claims 68 to 94, wherein each of the plurality of
neurons is able to be expressed.

96. A method as claimed in claim 95, wherein the plurality of pointers comprises two
pointers for providing expression and further pointers to represent associations.

97. A method as claimed in claim 96, wherein each pointer in each node contains at
least one selected from the group consisting of: an address 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 neural 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, next 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.
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A method as claimed in any one of claims 96 to 100, wherein all neurons are a fixed
length addressable node in the array.

A method as claimed in any one of claims 68 to 101, wherein the artificial neural
network is used for at least one selected from the group consisting of: monitoring and
predicting stock price movements, Internet surveillance, Internet security, computer
virus detection, computer spam detection, phrases in speech and text, clauses in
speech and text, plagiarism detection, bioinformatics, vision recognition, semantic
analysis, representation of data ontologies, robotics, and data compression.

A computer usable medium comprising a computer program 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.

A computer usable medium comprising a computer program code configured to
cause one or more processors and/or memory to execute one or more functions to

perform the method claimed in claim 68.



