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WO 2004/ 114145 PCT/ 1 B2004/ 002119 1 NEURAL NETWORKS
W W Q LEARNI NG AND EXPRESSI ON CAPABILITY Field of
QU 5 This invention relates to neural PEEARANL002119
and particularly, though not exclusively, to neural
net wor ks based on one or nore characteristics
i ncluding tenporal, spatial, intensity, magnitude,
and .relative position; andimay be used for one or
nore of | earning, know edge acquisition, discovery,
data mi ning and expression. 10 Background to the
I nvention Existing neural networks are typically based
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or weights in the hidden layer. That is, training is
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of confidence. Thus ~ll~l~ ~~I~ VIII VIII VIII VIII
I Tl nb!:r’lyl all*é(@ﬁ;gG@ural networks are based on the concept of three layers: an

25  input neuron layer, a hidden neuron layer, and an output neuron layer. Figure 1 and
Figure 2 are illustrations of existing neural networks.

Training of such neural networks is accomplished, in its most basic form, by applying a
specific input state to all the input neurons, selecting a specific output neuron to
30 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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g3 on of an input event depends on howRGTgE0WE2119
original training states match the current input

state. Such neural networks typically require
extensive, repetitive training wwth hundreds or 5

t housands of different inpug states, depending on the
nunber of desired output neurons and the accuracy of
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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;

4, they are computationally restricted to represent only a relatively small number
of neurons; '
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a relatively small nunber of neurons; T/1B2004/002119

2004/ 114145 PCT/ 1 B2004/ 002119 3 6. they need
retraining if they are to recognise different objects;
7. they cannot express or recall an input object by
applying a stinmulus to the 3output neurons; 8. they

are based on concurrent stinuli of all input neurons;
509. t - | rg&ﬁ- express or
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copcurrently. Summary of the Inyention. 15 |n. .
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net wor Rynepticpityi lnit dey nat digtingwistl oneyfraf theeathen os therpregiog heuron
any ONgrdyfadghe plurality of neurons is able to

agsoci ate ar. ssociate with itself qr any other

n&lir oneadh Bifen IR FePRY B THEltEo AR Mool nut neurons
connectoromwsently a further neuron in the plurality of
neurons. This process is referred to 20 as | earning.

- I'n accordance with a second aspect there is provided a

neural network conprising a plurality of el enental
nSumorary ofthelinwentionr al ity of structural neurons for
representing associations between any pair of

neurons, the pair of neurons being selected fromthe
oI BERBneoNY] 819 ARPest RGY 1P BICUHEh A-FoUFRL IR SHTRTEnG 2
s Pty 9f beurgne i wiieh anyame 9f the eluralityl of nayrensoip @blete assaeiate or
NgsHobitte WilH] itEFCore bR TBtHeA InetitBl! 19 thel IMLrafe of hewehd kil active
neuro%i E‘F)Ch b HEY urﬁfrjlli:hnelur no?ﬁgurgn%p*ﬁsepg stsl?sereferredto
c SABPARES o7 BPRL PR By e RN repre'senf&? %y a pair
ofs leamingns. The process of recalling the pair of
neurons that 30 were conbined to forma structural

n nua;c%cralrdiaﬁc’ce rw?t& %rsregcgndt aospgé th(:?‘:':)r(eD irS %‘?’osv%a%g ‘a nEe%PaII1 n&&tﬁ&céo#\rpyﬁéing 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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each el enmental neuron may represent at |east one of:
an WD 2004/ 114145 PCT/ 1 B2004/ 002119 4 el enenta
stinmulus, a defined elenental pattern, and a defined
el emental data elenment. Eaah el emental neuron may
represent one or both of: basic input stinmuli and
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em&&%&:%uroﬁhﬂaeqmﬁﬁéﬂoh Yerdseed b RERMAChal bd BembEY and
bgﬁ resentegﬁ%p q@? urality of deeper neural 10
orogessing May QR{FEMINGIO PRIETE™ i n the plurality of
deeper |l evels nmay be determ ned by the extent of the
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N ol e e e
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d RlpRis s gq:llpﬁhﬂ Qfeelé}ﬁérlﬁlqmeu@f'ns e r{TﬁﬂS@f i élé’m%l neurons and
procea? 151 n accord ev\_}{c)ﬁthhat gl g&’ ere o
Petzers Jequie 1o FoRERaTG IR MEBIRBT TRy BT E\e yhe t'g?
obfﬂmmemwstdbemtmsé@l associ ations, all associations of
neurons in a level of the neural network that is the

same or e ab eto be xpressed. 20 A fourth
o B roes i T Redtt ers B SPUSEOR GPve) g comSiding a
pblurality jof geursins finked bk assasiations, lkasseniatibes eideurepy BAYab gf the

bYewial WBIWE M EhaR BARESEHr Qedfefl Beihd bR to bk leftessed.f | f t h
aspect provides a neural network conmprising a

‘plurality of neurons, each neuron being represented

i A fourth aspectrrsewdedya neusal etworl gereprising Plifalityyof negrops, each

S hetlrbh EeHRAESredetted b @UhidLie AfkesBitie SEUBTH arbarfg. A

plurality of nodes in an array, each node in the

array conprising pointers. Each pointer is a data

e Adifth aspectfpravidies A ogwrak network eampriaing A Piirality gh Pepiensa BReD @gyron

Obeiflg fePRSériddGn ROSHRirdty by H18inglé Aidie.in &P&rfayaddr ess
representing a neuron of a plurality of neurons. Each

pOI nt er repr esents a synaptl c connection.
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 providing expression and
for ieamning of memories.

| evel of the neural network struct Jfet/IBEAY/002119



10

20

30

30 A seventh aspect there is provided a neural network
g a plurality of neurons in an arra
(ﬁgl:aﬂgﬁyhg%gﬂnters in each node of the array for %%T&WW%M

expression and for |earning of nenories. WO
2004/ 114145 PCT/ 1 B2004/ 002119 5 A penultimate aspect
provi des a neural network conprising a plurality of

. neurons, each neuron beingsrepresented by a node in

an array, each node having a plurality of pointers,

eq %Qmmmla% %Ee&%{o%ﬁ \A%;a QRS ngﬁvx}k%gmanstfg &CAdrhiy &'?Qur‘dﬁée Ghch

ct1on ol nter rep resent t
vawﬂ!‘ bging, FepEasamieth Py @ rme B0 SRy, {35 '@ﬂ%ﬁé\fwgaﬁ Riyfraligy of
Bﬁﬁteﬂseé’@h pbmrwsacheraﬁb haahmh&bemrﬂl wqua MuridéH. e Bscept

ot her neuron

383 e B ept PR i Rl LTS o o
nemt lavel newgengo edch ppipter gorring il aqdasmfr noper ﬂwqﬁ nigre number

Slaﬁd'ﬂt&g rédlite® ity Efep étQﬂorﬁ W'ﬁlh&ﬁﬁs bElh@ peﬂdyfﬁﬁﬁl rbthﬁe neural
polnters. needed  w devY ﬂ'@) j‘ e ssnon func%ons the
nRFIE- 2212 ARA SIEMOR PHEPTPING eaﬁ"?'l’ )r(f’eﬁr ONs ey be
r eynkes efipointerbyeededwitl be aigéast four. sane SI ze in the array
array representing the plurality of neurons each node

f fixed t
PO el B R U)o By e ey ' e
adidihei el sickatim thel Brrayl eapesensing tthe iplurdiim ofppéuriensy $ach node
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frequency of each neuron's activation, the strength
oNodeis sin s anayavsed ris , represknt oedronst may Bise pripigignadditional data
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caBentS e g opfiee W repiaset S Pty o e ion d, Aetpr the
fstrwgﬂioh@assommlpmsnamweﬂmet hods descri bed above. In a
final aspect there is provided a neural netmork
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acampiiter programugode eanfigyrecitosduseropa Pt MprgtProcessars; iy exgcute one or
r %r%rfér%néhsrt@s&foﬂﬂ théhhedtifbdl BRdetbddabey. | ved from nodes.

. The forward direction is |learning and the reverse

direction is expression. The neural network may be
ulnealfiriab pspedicthere isprpddesia nevrl inptorkivhesginl thernediak petwgrk is bi-

S Bl%konap&ddQ§eﬁHB\é6 i 6Pefate inl’HfSM%ﬁi du%btl’oYlWHe}ea’be@s ark TdErWeﬂ or
Uter Vi r.us..and
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The neural network may be used for one or more of: monitoring and predicting stock
price movements, Internet surveillance, Intemét 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.



10

15

30

and text, plagiarismdetection, bioinformatics, vision
zreqﬁ@?lg 45| on, semantic analysis and representation of
§ and robotics. WD 2004/ 114145 PCTAB2004/002119
PCT/ 1B2004/ 002119 6 Brief Descri ption of the
Drawi ngs In order that the invention may be readily
under st-ood and put into practical effect there shall
now be described by way of gon-limtative exanple only
preferred enbodinents 5 of the present invention, the
ﬁlérdegé*pqﬂnl&ﬂhgq)rm{‘gsreference to the acconpanying
drawm ngs~in which: Figure 1 is an
illustration of an existing neural network structure;
Fih @Fdop thdt the mﬂerftlbﬁ mag be idabﬂ:ﬁtnﬂét&tbﬁdhnﬂf pudintoepractital etiect there

| t t
cial o 7 SR ech Y o nB e Seatmlebor rbtohaf bl
16F tBe megsend ;invientipny é\emesglpmn pe¢ing with saferencegtp the, @ccompanying

.ﬁ&ﬁg{.@m,,@smmn t hree neurons according to the
present | ow, chart of the

I n
pF'%Eéés ! %‘W’?}P"t"f]@ ?ﬁ%g%%etm}' H%ﬁr SO qure 6 is an
i Figure @iiscd fudiver diusttaltion of@h zxistingieirpl netrorestniciveasr ons and

pﬁ Gt & &/ &d Mbsrationl ot Eh BuiEhg relaforRip! Behwith! bl irodé afd a

uence of events to illustrate association; Figure
85 8PSE | ow chart for the |earning process; Figure 9
| Bigwre f4l ipan dlostration of the helativashith betgequr thige Mwurof$ gepordingQo jthe

ap,g;éawnm,{ for creating neurons during the |earning
process: and re 11 is BLl ow chart of the process
§°W2

f 69”’%?& lay W@‘" ?‘Hﬁ BOPES HEEW BYSYA ™ of Preferred
Bribwdl 16 meant itustiatioo oftiha geldtionshiprebfeen mewtorssand ppintersdinks;

pﬁiﬁr@zt}s A nRRhdoRds REQNbALE Dt BRrisA) inerhitQksriatignd a

met hod f or constructl such neural networks via
nggys A isR lgyeghartios the learpiag PracessSinased 25 on
chigura otisex flawt ¢hes far fiwtmatehirigurdecess; | east one of tenporal,

Sﬁ@l‘irb 36 s d fidlwenan foY creﬁﬁig Rblrdaleduringithe Icdlrd préteB9ahd | on,

th t of
o A1 oo Pl oY PP OR PUBOR R by
el enental neurons) or output actions (represented by

ehEERplioh of Fefeped EmbBdinen®d ural manner. 30 It al so
provi des for either or both of nmenory recollection and

menory expression of
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 outpuf 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
éreativity. Input stimuli may include one or more of: audio, visual, tactile, and so forth.
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| network allows for the potential eRGFEEE4H2119

new actions or ideas other than what it has | earnt
and in such a manner may exhibit creativity. Input
stimuli may include one or nore of audio, visual,
tactile, and so forth. WO 2G04/ 114145
PCT/ 1B2004/ 002119 7 Q.It put stinmuli may incl ude one or
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aRferdiiRns YGRS SynapicCnAddlshsy TThd i9 NBstARRER Figdfe 3 Were (t)here

present invention, stinulating or activating two
né’[ﬁ'&’ﬂ§etﬁ?'§§l"8§m’a§¥"ﬁ%s§00| ation between themvia

anot her third neuron; the associating neuron. This is
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associ at ed together based oxl mal characteristics
i RAUPHRIRTSEbY o equabek thiz s%‘“&é’ﬂ%of"&\‘m"%ﬁhtﬁzaﬂ"d 43 may be
| absmoisiet! \togetteg rhasertl on aekimal| aharacterigiios,i intloding ke Uash ore3 of
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than bot neur ons 42. Neurons 41, Né
t FEeren |exel wiig the eﬁww%e than Jethvod peyens; ‘QV 495 Noprops, 41,42
newy & insthe sema evel, Phmay te it diffesent |leyels| of dfe reurat sinature.n Toe

n @Hftﬁl lor 12041\WP alﬁetﬁioh Weh Lhresran ﬁet\b&ii %ﬁlu&m? télﬂs‘aseal BReke tﬁiihmt;er of
S re 0 ex I €SS ntal neurons a
i Fteg%rﬁﬂl@%g ig gPrespihg "H’gﬁlr %ﬂumé’f *"’ﬁge'ﬁf"@smpr i ses

neur ons, where each neuron represents a nenory of
dghé nefd @Blicture othSHsbs netﬁ&H@Cﬁlﬁgré e&th r@ﬁkh Qéptesent3t M6y of

AR IR N B FEHa, T Ao S i o
(1eeghr patant ¢angvans eandos depefhdent enpthereleteantah megronsnigeprpsenting
f &%bmudm hdi& mwnaénmaﬁ)tm Khic tﬁ@naira %wodk #Oconstructed.

El t I t
CFEAEReLrie iy AP e oot i s oo
eiﬁ@ely ofeemen! newralvoetivorkt stouctute: eDeePere pe rsulreqiganb dexpll anetirons
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associ.ati on of other neurons. and do not in
emselves store sensor, motor or elemental stimuius values.

Each neuron in the neural structure may represent the association of only two neurons,
one an initiating neuron and the other an associated neuron, although each neuron
may participate as an initiating neuron and/or as an associated neuron in an unlimited
number of associations, via associating neurons. An initiating neuron 41 can have any
number of successor neurons such as neuron 43, where a successor neuron to neuron
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t he associati on of only two neur onsPCT@B904602119

initiating neuron and the other an associ ated neuron,
al t hough each neuron may participate as an initiating
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O‘ﬁ'htat B&inki¥® of ﬁoﬁﬁﬂw Slnﬁl‘éxﬂgl SXG4R or Arikdy WM 1031 e bethe rules of

events agnd so fort a as lating neuron IS
3 Gen @F‘é’ﬁ't 'é‘?i“’?ﬂB rpéfff"B'é)’eafp A TR MPReRFTORE b feyelo and
edueRsslevelf eande may edryneemordingoto ¢heetype aieaementdl ridron being

r %Fe@éﬂt&ﬁ NelroRS Qltdéﬁﬁer MSAIE Wrhin THeehedf@f ﬁéNw&rk 9rd I(%fs hk%y to be in
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DpoRe Aol & Tl bafivmi reces. (6AR FerrRsaTA AR ol PR
Pevsris Pt ipay BeAdd' Shorteag zeay; ynilisecarsls oasdcends, pr akdng 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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5 1. BDiéerentttyrles nbeleroerdal nedrbmsmayre defipededspanding antbetype of
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a el enmen
or roofePiFEsifiah ?r%ﬂft‘?ﬂ‘ni‘ﬁ‘e’é tﬁ‘éué%merﬁét W?{‘s goﬁs b or
const r wptesshting ditintezoamds. tEjqmesitab heugdns meaytirdorpostea @ ngmires pf

be def j; QntOky RENgH Breme.rrart n&r&rép&,cﬁfas Ef?frpeidnﬁﬂé:eon@rset for
events or information e|n

esent
B O et kg bt 5 PREY B o N B B e
neur onfor wpresehtibgthe dequengypofdeaotndag di sti nct sounds.
El emental neurons may incorporate a nunber of
different types of elenental neurons suc
exanpl & rergsentingsmel) and fasis herg PV-Rf 2 58 & M“&W°ns for
I Nt ensiasty aod ariokter sad fon difgctaoy semeing. and anot her set for
representing the frequency of the sound. 15 If
representing. snell aste there may bhe a se
Gl biron PSP way 3P se5S: SentH diife 1o sy Ssphy Be colour
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rods, edges, contrast, novenent, and so forth, as

represented by the gangllon ceIIs, or speC|f|caIIy to
r epr esEortskinreceplocst there arayt bereleneantah neuromororrefgionding to touch —

r ecept ReshahblBédptdimburidRs; abRpaalR! - rreuﬁ@ Récepof h&ﬁ&%ﬂ Pamo-
to touch - [rechanorece t%Biéqﬁ rogrr]:gl’\ be re reesre%{eg 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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activated or fires, it conmunicates to different areas
of the brain via synapses or nerve cells that a
certain formof energy froma 30 specific cell or
sensory organ at a specificgl ocati on has been
received. Al sensory neurons have simlar central
processi ng nmechani s When a Q neuron Jj.s .
Dt T v R IPIErE B gVt PRSP HIE 1P WA A8 S progessed i
cont r atbe brein'saneural stogtarei f i ¢ | ocation in the body thus
produci ng novenent. \Wen a sensory WO 2004/ 114145
PCT/ 1 B2004/ 002119 10 neuron detects an event it
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gr ]g_t el definélg WPRJU0Es différbrtt rﬁ]s&ilﬁ'rﬂoﬁﬁadl@iérrmingﬁrgtrb@roductmn
efin t no acids, or

subs etOg {)%‘ejé gég.}[egﬁ'@%ﬂ 8&%&6%(?#5&@% not or neur ons

may be defined to produce different nuscul ar

cont r e@érménts newens dant@ inifiating ang assduiatetd MBurony bt @HNNbS be a

corr es&g&%n%néup nohonemss and so forth. Elenental

neurons can be |n|t|at|ng and associ ated neurons but’

cannot be a 15 associating neuron. 2. Structural

neur ors r e[Suaser inegrobdigemesentrlg tHer bedralr sructulidl €Thee bewdl

St UCtyy, r@sas' mhtStehi ah qﬂ%ur@ aFiBLLE o n%%ﬁ% et rQJresem the

neur ons t repr esent assoclation o
neur o r@“"vﬂq@i 108 r“‘?‘?ﬁ ePUENE: ahetherr ey ¢ n%e“s%{“&’ °’§0 motor
neur oneproas, odtollesr sBldtwialt netebhs.N dl thid Sanren risliiak stRUNST can

neur aI %r‘#’gtsuﬁtﬁﬁ S andth S WinidrbRiRsent i ng nore and

nore in ion. Structural neurons can al so be used
to form associ ati ons between structural neur ons
r epr esSniciural) nélirbrisetae risoset ised to e rBsvcations digtwees strbaural

exanpl 0 y ;
XD fourcl sorfcbofi itcAbrt Qe odAnlf e Fol B Rbyhd) an
association may be formed between the Eng 1sh 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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buil d neural networks which allow the associ ati on of
infornmation across different cortexes or across

di fferent neural networks. Another association 30
betvveen the shape "ball" nayjexist with the spoken
word "ball" represented by an association of notor
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information in any of the four dinmensions defined by
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a t enpstrugluremeural 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 distributed in the brain to different areas. In sensory systems,
different areas of the brain can process different  aspects
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d neuron. The conbi nation of el enent&FT/IB2004/002119

neurons at the root |evels of association within the
neural structure allows for the creation of structural
neurons that represent particular 30 el enental
features or characteristicsymithin a cortex (neuronal
assenbl i es). The neural structure al lows for the
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d pbsitionitlg fsaepresenteaby AP.Ul ar di mensi on. That di nensi on

may be ti me, distance, space, |ength, height, 10
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b?‘%ﬂg is fgssﬂ%tokféﬁecsuﬁh Fhau nnad\d tharca refore neuron C
C eswotiates heungnsah arellB mpether maintkiningthein sdlatuf/e)posanys tAvand B may
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vilherefreipuren G CANASERFatR APOME "R“’&H%Aénd B WhiglL IePreselit gY s
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PQSivhtk® B fire, BHE of fHRFrCwill 4! S inftiafr néfHO hé thrd®FBlrdn\E. will

neurons A and B which represent events
associate the initiating neuron with the second neuron preserving their order of

activation or firing. As such, neuron C represents the combined events of the initiating
neural event followed by the second neural event. This new neuron C can
subsequently participate in combining with other neurons (thus creating new
associations), and so forth. ‘
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25 The logic of the association ¥

for any two active neurons A and B that are activated
or fire, one of themw |l be an initiating neuron. The
third neuron Cwll associate the initiating neuron
with the second neuron presgsving their order of
activation or firing. As such, neuron C represents the
c ined event f the initiating. neural _event !
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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.

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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el enental neurons nust be created, and are attached

as a |list of successor neurons to the root neuron, 25
the root neuron being represented by node zero in the
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found in step 83 Again, this neuron (nmenory) iIs for
the event or events in the pattern or sequence of
ebaiirigscoppleteddie procdsging lota singlatpassp tierdase. daEhorsevemabdience

NRhy e NSotBsEL Badis 1d8h 'daéﬁeda%xten&n@%ﬁ@ %agat ergsw SRscture

(neuron B). Thé event pointer Is then u
PE'PMQ to the defined rules for the neural net wor k
to point to the next event. In this nmanner new

AR ARHbATdURS tHE HRO RSt Hebn BSROE i2hitQURS iREp 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.



20 always created, subject to any rules to the

Cener al I y the neuron C could not have
W‘g?@\/ﬂ%&éﬁ y existed, otherwise it would have blg‘e1;4lB2004/002119

10

15

20

30

mat ched at step 82. Having conpleted the processing of

‘a single pass, the sane data or event sequence may be

processed again if so-desired, extending the neural
network structure 25 accorgingly. A further neuron
that has not been used is then found in step 84. This
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whetess bhds ipstep9®r for the matching neuron is set to
poi nt to the successor neuron that matches the event
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p assbeiating meuros.e bustepc 8010 fhe dnitiativgs pditert gf thasasgexdiating asugomistset
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t he "associ at ol nter of the associating
nB W?‘g"%‘g?"stt?)g\eﬁ'@“agg%ﬁ%ﬁp‘ﬂ’t ed neuron. As the
associ ating neuron has no successor neurons (having
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neur C)f

DBt Eirteiss it ' S R Sl ForTek SopRES g & gurons
eghigh rejate ledirstivisoalsbamctaristic Gor exanpiecx grodp efineurons for colour);

| BisbdoAl igfydp R Y6ORd vishidl @hdrioteristic (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 .
integrated ‘brain’ which can provide not only an integrated learning environment, but
also the potential for intelligent behaviour.
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first entry in the list of successor neurons to the
initiating neuron. A group of elemental neurons
representing a common characteristic may be organi sed
25 into a cortex. Thus, it ie possible to have a

vi sual cortex containing groups of neurons which
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the reverse direction. That is, given
th‘?é’al'jﬂﬂ‘ﬁﬁﬁ"pef‘?""?s not possible to derive the input. 5
The present i nvention provides for the capability for-

| g'gg re?t? abl\w S Sh¥iehafted Slﬁ'qwﬁyn‘b? o iftERiRg Sotnfsitand the |
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i ch eated, an
et ly Bbretart T lemae) deyre (30 e ' oplBm. AP AJE § Haec.
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illustrated in Figure 11. Wien expression is required,
t Rich i HeBfonCiehk hdiworktiRR 4rl ladiresd Qo dednefyNits) docifiont mthin an

| G SSabla e of s Short e 8 Borb &l SAGE REREH! Afneuron
pointers refer to an address of a node representing a single neuron in the array of
neurons. The bit size of the address or pointer will influence the maximum number of
neurons possible to be represented in the array representing the neural network. For
example: using a pointer address size of 32 bits will allow the construction of neural
networks consisting of 2% or 4,294,967,296 neurons.



20 to zero. If yes, it nust be an el enental neuron and

w(glg@“@gﬂ%%ss reverts to step 114 where expression is

n of the el ement event or val ue stor&d/FE3094Q2119
-associated neuron to represent the el enental 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 ofzthe neuron to be
expressed. In step 113 is expression of the neuron
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net wor Ec) L, 48T ‘addsid EcrteRtOe WP AIGVISF 65 S A6uréls.
32 bit al | ow t he const r‘ljJCtI on of neural

net wor ks coﬁ'ﬁﬁ%%’@’%f"ef?zsﬂf’ 4,294, 967, 296 neur ons.
35 WO 24)04/ 2164 IbitSpoider /ai@2S0artieadrevill alfowHEac hp tee2f? oeurpns.

repr esent edyh¥ i &% 1 Seufdned | ength node in a
conventional array or structure. The nunber of .

neurons that may be stored in an array wll be
deaeml burharobraintHas approsimatetynit®'ynestons.city man paj fosgible match the

ey 'Ha HAGH® hurkart tﬁ&ﬂ@iﬁng @Mlt%ﬁéﬂ ﬁdcl?@ésr&&f‘rtecture Based

ress architecture: % ?D #’\ ter Flc{ th
2 L% R PEPFE 5 AT Pt AR SRS AL BprBle ' R the
i sagaciy to réesentnaucah strucfurgs cengsting jof 1%01‘@1{'@3 e @Awvalent size

algf 4y infitfoh HiMaryrhihs Rrddagdiier. Up to 232 neurons. This
is 4.1 x 109 neurons; (c) a 48 bit pointer address

architecture w || aIIowfor up to 24B neurons. 10
Thiogeprasedt Thexnelidll detwerisr @ nede il gorsipl oha ArinipUM g3 doUf tPeinters.
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As shown in Figure 6, each neuron may be represented by four pointers/links (P1, Pz,
P, and P,), in the most basic implementation. Each pointer is a link to 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 to represent the association of an initiating neuron A and
an associated neuron B, the following pointers are required for neuron C:

P1- é pointer to the initiating neuron, i.e. neuron A;

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

i.e. neuron B;
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neurons, the equivalent size of 10 mllion human
brains wired together. 20 To represent the neural
network, a node will consist ‘of a m ninum of four

poi nters. Each pointer conigi ns an address to anot her
neuron. As explained above, using an address size of
32 bit Lo r I
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poierstme lévelr neuron A).. 5 Additional pointers can al so

be defined for neuron C if necessary to provi de

i pf ormation on the precessor t he as

ool oG9 e saaipBs BESTtS ki DRSS Rt Pepgosire
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This is illustrated in Figure 7. Figure 7 is an lllustration of a possible neural network
derived from processing text and learning, for the sentence; “The cat sat on the mat.”
An arrowed line indicates the connection between an initiating neuron and a
associating neuron, and a circled line indicates a connection between the associated
neuron and the associating neuron.

In Figure 7(a), the first elemental neuron 701 and the second elemental neuron 702 in
level zero recognise or represent the letters “T" and “H” and associate to form the letter

combination “TH" represented by the associating neuron 711 in level 1.
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may represent a sequence of up to ZﬂUWﬂBﬂm“mnlm
1,024 el enental events. It is not a necessary
condition that neurons can only associate with neurons
of the sane |level. Thus, in storing new sequences of
events it Is only necessaryjd¢d o identify those existing
20 neurons which represent existing event sequences in
the event stream and associ ate these together by
constructing new neurons, e.g. if we have two event
s Eigure Ty shows thg dljirdiel@pental\nevror 763 tecagrising, hatlefter “E” and the

r %%aea&m&ﬂémembﬁ 70@re96§§s‘nﬁ§|tﬁe Eﬁcémsﬁ'ﬁéééttw@aﬁoaﬁﬂe%gether

uron r epr, equence
C e o L Aiey s R AR Fesos g DT 3102 v d- The
e stacursl calrons Hd@nd Fadfrelgvel 11 asheciate to fatm et diglinkt, ward “THE™”
TFH Resbried By thiSdssadigtilg hburkh #41€ 7. Figure 7 is an
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n¢riguoss 7dndrdgbgni si ng the space """. These two
associ ate together to formthe conbination "E""

reresent d associ ating neuron 712_in | eve he, ..
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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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e 7(e)). Neurons 721 and 722 can t hehfT/1B2004/002119

associate to give.a result at the associating neuron
731 in level 3 to formthe phrase "THE" CAT""
(Figures 7(f) and 7(g)). For the word "SAT"", as is
shown in Figures 7(h), neuron 707 recognises the
letter "S" 20 and associ at®¥s with neuron 706 to give
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t leftere/charastass; dmlevel SuinoiRs 8 edigrseabaraciersy up toatq fpttery/charagiers in
1Rveéi 418 torg2eticMicHaratib)s in Tevebs;taht do idih i6 @ltiples of 2 until each’

i |l ustrat Fi 7 i ; .
byl o501 Bl S L a5 S8 500 R brbcrs
asmsbedcht Reyron in Heveb 2P eeuldO@presertithes agsopiatian| ¢f ¢y 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 sach of:

1. the 26 letters of the alphabet upper case;

2. the 26 letters of the alphabet lower case;

3. the 10 numbers;



neuron 719 for the conbination "D'. Neuron 706

w@%ﬁ%#at es wth neuron 709 to give a 15 result at
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#1490 for the conbination "AN'. Neuron 7BGI/IB2004/002119

associates with neuron 719 to give a result at neuron
726 for the conbination "AND*'. Neuron 733 associ ates
Wth neuron 726 to give a result at neuron 742 for

t he conbinati on "THE"MAT"AND'" Neurons 741 and 742
may the associate to give alresult at neuron 752 for
the conbination to represent the phrase ' THE

" EAT" SAd "@\blfbﬁ'&'lﬂdﬁ-rémafﬁilaﬂ Bhdractdrs @ur the Atampardt alphaowseric
that ip, 0 each el enent al neuron represents only
1 Iettgr(%ccﬁaracter Each neuron in _level 1 re esents

2B ass¥Yi dherowpesiel characters (8:g/ T thec Bieek -alphabelethal may be
each newii®ed. may represents an association of up to 4

letters/characters; in level 3 up to 8 letters
characters; up to 16 letters/characters in 25 level 4,
uphe: ounger lob Sirustuszl diewoRE fespised and ggiumber ghigvely of giruchired
| ﬁbumﬂstréc{&tr?ﬁcé?i‘ gréw l*nl:c{risecﬁ:%ﬁ& ofNRY roﬂfhel reutab Héork Oduzing i
resen he,,asspci at i

| BRTER Fherdsy ofiar B8 arnle of o FechiPisbn 8% umber of gocuments
retplm@ntthet $ize ofstbe ¢ﬁaatmgowem‘(8) qunmeﬂ, theg:sg pb language in the
e4RIRBHS| afy and Sma:&ﬂunﬁspd%alﬁlebﬂuﬁﬁé?nof fwkds! phtases, clauses

rec nltlonthen enent rons req

| SR PR R AP BroTAEaro RE0NDh BGH fophes O th
r eegulfingenkufab mewathstofure, Bi) evaX@fleéemrde sif gt tl‘!ehelawl phWiliam
Uﬁﬁﬁ(ésﬁéaﬁﬁvere fecoldb® u@@ {hﬁtﬁr&%ﬁt iffentidhEin 3bxd RetagritionOHMr the

c t he 004 / 1141 unP
PR e PO SR g fGodn B L o purons -

sWhen she sdeand olagrwasorecerded, s\t"ﬁ\rrdﬁ\edsamqohﬂﬁ%ln%ﬂiw%k the total
kﬁéﬁhﬁarrahu.réd wainy riot be Ithesamslbadmm @Grh & $hoks€ réhuiréd Rithe

mﬁ%)enc?enf pr%{:gsh%? uotrfz';l &hn g{utrhgﬁ%f ®a Oﬁl)‘f q‘%‘ é)grg r{eﬁro;w ‘la‘%nred to

oproesy esseggndaniay ahove arf beyeng 3‘ﬁ§° pregied fos dhediist Ripy avpuldpe
Cadifee e eivelthdiertargdd thiaPNZ ENéwdnsIT6r ang ipkeviodsly bxiging Retters,

| ear n| r e .

; e%rga %sg %I%ﬁ%e% self{?%g% %{F S %ﬂ%kt?;laorﬁoétgﬁ z:ééde#é aut th%r new
S?S_SEC'@[O“! WEU"I‘ kg ﬂ#ﬁ%’g Upga ﬁ'te(tb')'d pla beipg eegordedy éheu@@a @purons
| RGGHRAG U be abded in the same way to 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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books, and so forth will inpact thePCi/BB2004(002119

the resulting neural network structure. By way of
exanple, if all the plays of WIliam Shakespeare were
recorded using the present invention in text
recognition, after the first play was recorded there
woul d be a certain nunber o structural neurons "N1".
15 When the second play was recorded, within the sane
NErgad consstisrttioks of Fire 7Othere arendiftaren somisrgtiomsetbiatwieyl bet used to

taﬁgmggg@'u%t e e 2 %@rn{,&hfa

rocessi-ng o eac he plays.
e',?tl?'d aﬁé'um tlpeefqmr@d:omematm\@ereggw[% second pl ay
above qmcl geygndrtnhesﬁ wadrﬁdmi\'or the first play

\IQ@HP %f ﬁl %)l X (?ethe enl arged total N2.
bFREBIONS AP F’% ol §I %"g)m sting letters, 20 words,
phr asegH'é‘HE”u‘éﬁé’s'Cﬁ’e“mTéﬁl':"éSO(\"aFNf 20d fMAt h) woul d not
be added, but their new associations would be added.
Upon the thjrd, pla ei ng recorde t he. extra neuron

- Biicre e iplonee B Rt rpet s TEDRRG IR By
t hdpptingmelet pertifdnhinl a gasigd ohiectieniorvsing, the heurdimetvenss do teduce
t&eellﬂﬁmedbmgﬁmaﬁbﬁé”eﬂﬁﬁn ije@fhandgd. woul d not be great.
The main increase woul d be at deeper levels in the
neuron structure where new associ ations woul d be

al @advel Th eewl@eis donsidecaric it iT capable lobrepreseiting lacseneance af up to

hiituzzmte;aéma afeagl m frSSeidnRmbibdnald emegsea b foRéWind merpssauers
entire

B ot Sorrerta B paridvely i e RNV AP PR | evel
to give a result at a third neuron, the nunber of
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ery |large. 4/ 0021

R SlsrEPchaR P BPnE GRIpEerisier fup SRRl pgans, B root Vel
coetsonsatan desexpiessed m\assnsiatescly a singlgriengl deneuiea. rvwnylevel 1
aheUtéHs! Ry K& bxpréddsd o%;soaﬁﬁdcw 4 hévelVB heurohQdndescafsph €if a
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" fah the f@'Oﬁﬂb eumbﬁn ntmdamﬁ gieach jeuel et b BlogessEdr  ex anpl e:
TH "E" L, "ATT T, "ON', "N'", and

can bg IIovved by a further range of
pOSSI bl @bion‘ol naEY Aﬁs in level 2. By adopting rules
pertiné® to a dewslied objective for using the neural

net wor kgg t 0 r eduggel 2
128 level 3
64 level 4
32 level 5
16 level 6
8 level 7
4 level 8
2 level 9
1 level 10

representing the entire sequence of elementary events.
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capab
el ementary events. The first elenent can be expressed
by followng the pointers up to the elenmental  or root
level. This allows a relatively speedy expression. 15
El emental neurons may be frequently activated both for
| earning and during expres®on. In a pure binary

i npl enentation two el enental neurons or root |evel
neurons can be expressed or associated by a single

| ] babic rﬁﬁa‘ér gﬂﬁeﬂ- W@r&r?s"fﬁhgz%as f %Hﬁs%b%g ’@Xhebr‘éoﬁﬁ\m %ﬁéﬁaﬁ 0

or associ ate eve neuron_ an
20ewe it anly Fchxate@ o e ARCSteXerY d 0 ilispeonds. or ange é‘c?e‘éf?ﬁ‘ﬂ
| Frust the xpaeepesenilg theaetral m&tkre i$ Represémed 404 benbinggion of
n FOC ;
1O e loBilels, SESEr BUAE By 15uR" 57 BB i spows
6 8torage/meemary agga witbgud impactingghe papiermagcgof Iearnipng,andexprgssion.
level 8 2 level 9 1 level 10 representing the entire

ence of ele ta eyvent 2004/ 114145

o EEHHS At gy Beb gl i Seyma Bt B8 e iauns
naexrem thef fopti mryronaler henfgural Networkdstrugiure: Fbisr ajlows Iae\mhmlt%d
| Rirber weler’ﬁ&kﬁl @ABurbRib @e‘éfﬂaﬁéd%ﬁ&hé’ﬂ}l RthePthah |hé\ﬁﬁb t@ﬂﬁ&leﬂne
A2 M WL Tt NGt I ) TR A
aP PRy P d5r8%% Eg‘t e ﬁ'@B’i‘ Al %’P’P%ﬁ‘ 18 F’&E’F § HPB%“

eetaal Storagiemermonhared in3hel styuciurs; andreapbrelentsintst kepren eandhen be
d&iﬁ&ﬂf abi@usted QSHV R SASTIL ksl BRarSdidds %dbltsﬁ 2460¥RMental neuron

P B RS R0 B89 andTRE R of BF FREE B AT cron

!’ﬂ'\h@ﬁkadﬁtqsaéﬁﬁﬂre el emental neurons have as their
initiating

[®X

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 vahie of the elemental event to be represented by that elemental
neuron. A elemental neuron can always be determined or identified easily as its
initiating neuron value is always zero. Therefore, when expressing neurons it is easy
to determine when we have reached an elemental neuron because the initiating
neuron value is zero, pointing to the root neuron. Alternative methods may be used to
define elemental neurons, without impacting the essence of the neural network
presented.

In the preferred mode, new successor neurons to an initiating neuron are simply added
to the front of the list. Therefore, they are attached directly to the initiating neuron. in
this way recent memory traces are readily expressed.

representing a sequence of up to RCKBE2004/002119



neuron the root neuron for the neural network

woS{i)BH‘ﬁE#‘Ise- This allows an unlimted 10 nunber_of
el ene
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neurons to be created on the fly, rE{E2004/002119
than having to predefine el enental neurons.
Alternatively, elenmental neurons can be allocated a
predeterm ned neural storage/nenory area in the -
structure, and each el enmental neuron can then be
directly addressed (e.g. fd* ASCII text characters 8
bits), 256 elenental neuron addresses can be
pre allocated (0 to 255) and the address of the first

5\#5% %lou@ gb{roﬂp arela'ilaﬂdlé tobrﬁalﬁ'tgln aedrar %ﬁcc%%@r nbd] orﬁsh eThe

enental neurons can ded
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f t@rprmihaoédaiee filricBonaity ltd the ndlke Mmetnkiri gtruttupd. € tFef iexamtble Irsw
e el enent neus.0 |
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amgipleined it numenieal ropder, alehapetical ederard 80 farBur ldkpwisen peysans

rm&e&s %@sénw dddedsBE | lc6uld Bé trioddd ﬁ@aﬂae tHeGronP6ri thé Bst, Gredt the
[,0Nn

i nti to the r 0 t r
e'i‘?" t°§ ci'&er l cﬂ“}h g%hd"tf“ﬁ arf° 'va o e'aeﬁ%urgo%g ale\hs ere
sarcessiple; hEhis/also mears thatolder é\?ﬂﬁﬂ%ﬁ areabihe eng opthe 'lst and 'ess

I BBl S 8pbiRAcd¥pidasibn.el emental 25 neuron. A el enent al
neuron can always be determ ned or identified easily

as its initiating neuron value is always zero.

Tinghie fraanger thk erdep gbthedist pap b useshie represent dheskplatiye, synaptic

ga;eﬁm aeaetmt x Bn {é’@el{ﬂ oMifle bEREERF nélﬁ?r@ 16 R iHit@king) ReUr€rwithout
ecause the Ltiatin neur on va

PR Y 3P SRt e et o e Al 135 el

define el enental neurons, without inpacting the

eﬁ%@ﬂ&ﬁor@f’ep"é&@n@@b&‘ a:hy lﬁ&ﬁdﬁﬂfalﬁ be@p@ﬁ@&&ﬂtsﬁ‘ﬁbly bibrés@ﬁg the

f t
ﬁrré%;:oglrﬁ rrggrgsengeﬁ,p yntﬁ l%& %\%QJOH }%ﬁ n%d t? r[aﬂ'n %upwsgit'\b Lo
Thrurasfrepresented by ﬂv&raésqstate&mm @piiest if Shetlr@tlap%pomter is zero, it
| Bipobsitié ROepRIES BHR. eldrientdl NalGe \bRthe! ehshiatital WEUTON.Y Oltiehies; the

ar Sodsead éﬁ%&ﬁ%@ﬂg% ‘Wﬂo\é&’éf/&%ér\ll ;e%ﬁrégssﬂs olnltlatlnﬂ neurorel pointer
asnsl rt%\bsspc-ﬁ@d rRgkien cRainter; and saffodhy cHwss éwv ARKIPRH§8N benfully

Nepredbedtyledprosting ite phsin ofdet.s feature to be used in any
manner the user chooses in order to provide added

functionality to the neural network structure. For
el imprisaibleje weste ney@k netwpr FIHEWES FRPresSTng Krawigderelgamp For
t Bempldif Bk 1dIbRing béntenced oftd@areiinputscoul d be  mai nt ai ned

in nun&é@%ﬁcﬁymﬂu\@% Er ,\or der, and so forth.

Li kewi Se; neurons eéquently accessed coul d

be movERHNISIRLAYINGAN THERARKY. t he list, or at the
PETER*S*"READING"IN*"THE*CHAIR".

MARY*IS*SLEEPING"UNDER"THE"TREE".
JOHN"IS"RUNNING"IN"THE"RACE".
PETER™S"PLAYING"ON"THE"SWING".
MARY"IS"TALKING"ON"THE"PHONE",

it is possible to create neurons that represent the following phrases or memories:



front of the list, such that nore recently activated
ri are almays nore accessible. This also nea
W({Tﬁg{%%fﬁer nmenories are at the end of the |.sPtCTé'Ha°°4/002119
less 10 likely to experience expression. In this
manner the order of the Iist can be used to represent
the relative synaptic strengths or activation |evels
of the successor neurons to an initiating neuron
wi thout having to use weights to represent the
strength of synaptic connections, if so desired. 15
The nenanWNepresented by any neuron can be expressed
by si essing the neurons represented by the
initia neuron poi nter and then the expressing the
neuroNSﬂé#@@@nted by the associated neuron pointer.
I f theid SUEEPMG Ng pointer is zero, it 1is possible to
s expres I;ae,ﬁéenent al value of the elenmental neuron.
O her f e 20 process can be repeated for the
initi atSTin-Kﬂ‘lﬁnter - express its initiating neuron
pointer and its associ ated neuron pointer, and so

forth. Thus, any neuron can be fully expressed by
o R set ™ e SRRy * 11 1L possi bl e to
create neural network structures representing

10 KBAWhAES pbRbleth clelle theddllofirdPhtBes drfmemdRied: O | OW Nng
sent engg%ﬁ%%re I np uts: A
LUCY" | R" THE" TABLE JOHN "I S" PLAYI NG

"1 N' THENDBRRKE TREBETER" | S"READI NG "I N'THE'CHAIR ".
MARY" | {r' FieeEAIRRNG' UNDER' THE" TREE". 30

JOHN'I S "I N'THE" RACE". PETER'I S"PLAYI NG

" ON' T@w MARY" | S" TALKI NG' ON' THEAPHONE A, it
15 is posBNTHERAGEcreate neurons that represent the
fol | ovoRagHelgvanes or nenories: WO 2004/ 114145

PCT/ | B 25 |S CRYING IS RUNNING IS
READI Néﬂqﬂgq%@\{:% NG

Thus LUCY is associated with IS 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

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

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



5 1S PLAYING IS TALKING In this case | SA has six
neurons. 10 Simlarly it is possible to

successor
Wocﬁl’d@éllél‘fshe fol |l owi ng phrases or nenories: UNSHABR{§4/002119
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TABLE UNDER THE TREE IN THE PARK IN THE CHAIR 15 IN
THE RACE - ON THE SWNG ON THE PHONE Thus LUCY is
associated with IS CRYING but ISis associated with
six different 20 actions. By changing the expression
of alternative successor néfrons for IS, it is
possible to express up to six different

plucyass/ cl auses: LUCYSICRY®IRYI NG LUCY 1S RUNNI NG LUCY
I DI NG 25 LUCY | & LUCY IS PLAYI NG LUCY
I@%KI NG Al t hough i’ﬁﬁbﬁfdﬁé\ﬁ rst phrase was ever
INARYS or input to tREEABINGI network, it is 30
Nk igl e to do the sassSLEEPINGOHN, PETER and MARY.

tkvely it is possi 0 generate new expressi ons
E;a%‘%@%n t he struct uﬁépﬂ\ﬁf\l and IS ** That is: WO
2004/ 114145 PCT/ | B2002T6BENE9 26 LUCY 1S IS CRYI NG
S

I
JOHAN IS IS RUNNEING MARY IS IS READING LUCY IS |

%E%%ré\,@t 153 pF:)EIIEB tc|> %rela e tl)::LéA‘xgrle’s}'s? 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 semai'rt_ically correct.

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

This provides for the expression of {5} IS {6} * {3} THE {_7}, or 5x6x3x7 = 630 possible
expressions, having leamt only seven input sentences. Thus the neural mode!l allows
the leaming and building a neural structure of memories, and also allows the
combining of those neurons or memories into new expressions or behaviour, according
to user defined processes. The brain can explore new concepts or suggestions that
are syntactically possible with what has previously been leamnt. 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 leamn;



I S TALKING Therefore, it is possible to create or

r 30 (5x6) phrases/clauses that are all
W(gg(ﬁf’iiﬁfscal ly correct, and are also all senanfG@82044/002119
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correct. Simlarly: 10 ON THE THE TABLE IN THE THE
PARK UNDER THE THE CHAIR THE TREE THE RACE 15 THE
SW NG THE PHONE whi ch provides for the possibility of
generating 21 phrases/clauses of this nature ( 3x7)
which are all syntactically?correct, but not all
semantically correct. 20 Conmbining the two sets
t 0geadetpragsioe sapabititiest ruct ure:  {'~} IS {*} (1 THE {*}.
Thi ' B tression of {5} IS {6} * {3}
T_HE% S%%&réﬁag?(%)?étgéf :n%%, possi bl e 25 expressions,
havihagan efigient usage ¢f computsr MefpRIY ardkFieragrowace: PAdis t he
neuris'aéommﬁﬁdmam}émam, the learning and building a
neural structure of nenories, and also allows the
conbi ni ng of those neurons or nenories into new
eXips dhegiebysk is eblb tracdgpise patiers aithin mgtterps,of @sweiatius fieguch
Pk ﬁ‘ﬁ?&ts Sﬁuseﬂtﬂ garhﬁg'linﬂus@r%@ sBeHdsOToP leilﬁ’dl pl&; Wlﬁlﬁlﬁhg afd predicting
S estions at .are . syntactically.possihle wt
e L R R S
netwasendn speech ang text iclabigest in spegsh and text. plagiaismodetection, data
S¥dMpRéskioR, 3t ¥o fofth.” €Ct sentences. That is, the neural
network structure provides an ideal nethod for
creative expression. By use of a neural network
d@isrneutzd deterbiis\siructire ands procasséstyjescribed abave neaydhpdmelamented in
/Z\s?dﬂﬁal%mh rShafdWaleS af i; hama?ég Qlﬂa& W%%\aﬁﬁﬂa' dRipD et 6108 dddlcted
. as expressi capabi i es: res
~Chin, O S 35K &Y SR e Pt o st s, Flempgtatand
o$tructurah ewonsBEp by inrpartsefdheghips paey benid a memory array of
Cautiidieainb@BaY. | As MfnkiirehL8list, upon the first pass of data the first elemental
neuron will fearn 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 leam the next
element of the data. Again using the example of Figure 7.the lower case letter *h”.
And so forth. As the elemental neurons and those in the lower levels of the neural
network will be activated more frequently to create the associations in the deeper
levels, they may require faster processor speeds, for best performance. Neurons at
deeper levels will be activated less frequently and therefore could be stored in storage

with slower processor speeds.

Therefore, there is provided a neural network based on the concepts of neurons
including sensor and motor neurons, and synaptic connections. Each neuron in the
brain can be represented by a single node in an array or memory in a simple manner.
Neurons are fixed-length nodes in an array or memory. Each synaptic connection can
be represented by pointers to other neurons within each node. Neural nodes in the
array may consist solely and exclusively of pointers to other neurons in the data array.
However, motor or sensor neurons contain a sensor value or motor value for
interacting with the external environment. Each neuron contains connections to other

neurons. i desired, neurons may also maintain other information such as, for example,



5 Thus the network is able to recognise patterns

' i.0 tterns of associations. As such it may be of
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nmonitoring and predicting stock price novenents,

i nternet surveillance, security, computer virus
detection, phrases in speech and text, clauses in
speech and text, plagiarismdetection, data 10
compression, and so forth. %he neural network
structure and processes descri bed above may be
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Therefore, there is provided a neural network based on
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fi xed-1ength nodes in an array or nenory. Each

S ] J y _
YRR LB ED: AP ASORATERLAD Ryl Sl
aBpdgreating reampsies of Quipub petiogs i reRresaFtad\RY| NPWdJTRUI9RS Afdbysnew
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to express itself creatively.

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

described above.



the frequency of activation during |earning, the

ccessor neurons, the nunber of precessor
W‘E%ﬁ%kﬁyand so forth, to assist processing aRel/B0p002119

used in the rules for creating associations, and for

expression. 5 Elenental neurons, corresponding to

sensory or notor neurons can be defined for

interfacing to and interacting with external input

devi ces or external output #evices The neural network

can be represented and built/constructed based on the

nilg there kaschesty despitied iretbe fregaing alascriptiant drefenpye enphodiztests of

r *”e%?esgﬁ’trmv%r\tﬁ@t it Wi bd Pl‘fde%%b'a thisé Qﬁl‘édrlﬁth@%hnc}&qy that many

traversin neural connecfi ons he networ k earns
byjariakiengtor ﬂ@dﬁgaélereﬁ is, ftEisOf AesigNe EPNSHURIPR ASOPerRPn QY be made
N @itiicutidepiattifg fremp thepasseatiinventionan be recal | ed and
expressed, and exploration of nultiple associations
and pernutations of its associations, wth other.
neurons can be recalled or expressed. Neurons can
represent nenories, where a nenory is defined as the
expression of a neuron. 15 Interfacing with or
| earni ng or processing an experience of externa
sensory neuron events and creating nmenories of input
experiences is represented by neurons and by new
connections between neurons. 20 Interfacing with or
| earning or representing an activity of external notor
neuron events and creating nenories of output actions
is represented by new neurons and by new connections
bet ween neurons. The neural network can learn, it can
express or recall or recollect nenories, it can 25
interact or express itself wth the external '
environnment, and has the ability to think (a process
defined as exploring alternative neuron associations-.
as descri bed above) and to express itself creatively.
The present invention also extends to a conputer
usabl e nmedi um conprising a 30 conputer program code
or specially built digital processor chips custom sed.
to cause one or nobre processors to execute one or
nore functions to performthe nethods described
above. WD 2004/ 114145 PCT/1B2004/ 002119 29 Wil st
there has been described in the foregoing description
preferred enbodi nents of the present invention, it
wi |l be understood by those skilled in the technol ogy
t hat many



variations or nodifications is details of design,
construction or operation may be made w thout
departing fromthe present invention. 5 LLOYD MVSE_
The Cains: 1. A neural network conprising a plura ﬁgM”SE
of .neurons, the plurality of neurons 5 conprising a
plurality of elenental neurons and a plurality of
structural neurons; all elenmental and structura
neurons being able to be asgpciated via active
connections; all elenmental neurons being able to
expﬁ EF their elenmental values, and all structura
neufd g"ﬁélng able to express a pair of neurons Wi t h
whi ch they associate. 10 2. A neural network as
clained in claiml, wherein any one of the plurality

neu&q‘ngrall :?etv?om gon‘p?ﬁlﬁgc‘g%ﬁllrﬁfy %f(?\ utJo éﬂfhe I&rght)‘ str?euons

or anot neur rons via
Sactive ewpERg |aolPi'$'a'tt¥) °h efemeatﬁ'e Pe‘ﬁ%‘ar%ﬁ’ ? rP"tfﬂ'e/ of structural
pl ur al i hauredE; alle2dientasand tshactdral nklreds betgrable thbe agpodiatedavia

deeper Iaog Veetj:onﬂ&%hsbﬂteténientgl H&@Hﬁ?{b n@régle tJécheQ@thépQérﬁﬁﬁal

neur on neural  network alned in cl
wher ei nv3es ?'i‘@(il' BHRICFRY NRURDS BRBY PRiG el’?%'ﬁ?so%paé{Pén‘?‘ﬁﬁ°"§w'th
| evel swhigttheyaskocate. t he group consisting of the sane,
1oand different. 20 4 A neural network as clainmed in
ané one ,of ¢
r

on' Aeul v gy S Samelo oy IR Re oA of
an el errpenress is aplgl to @ssogigte Br linjs witle itgelf jor ?@t’\ﬁm%m&s&“ ’&'P Biursiity
in any efNgeuddns C\}laahéfﬁe Jeohriectibns Wh e fittRereQfon i tthel @lutalitd| of

neuron ¢ %P%%S(E” ﬁher ngurgn T'EQL\@ fch &eg;gegrl{l@ {?lrbo%rmgﬁ%mrnyand

represen? urons uctura
15neur on F'@@E‘Pt\ﬁfﬁg‘"?Mput fromthe pair of neurons; and
each el enental neuron represents at |east one selected -

fram the 3005k Esoélﬁﬂnﬁé lnrlﬁbm'a’fz wI?Jﬂenﬁ'th%‘Tﬁ%ﬁ‘Land the another
stimul uséurg}l grefln aefevel se‘]eenFegtfrom tﬁe group cbnSIstmg of. the same, and
different.

20

4. A neural network as claimed in any one of claims 1 to 3, wherein each
elemental neuron is able to be used for both input and output of an elemental
value.

25

5. A neural network as claimed in any one of claims 1 to 4, wherein each
structural neuron represents the combined information or memory represented
by a pair of neurons, the structural neuron receiving input from the pair of
neurons; and each elemental neuron represents at least one selected from the

30 group consisting of: an elemental stimulus, a defined elemental pattern, a
‘defined elemental data element, a basic input stimulus, and an output stimuli
of information being processed.
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defined el emental data el enment, a basic input

stinmulus, and an output stimuli of infornmation being
processed. Amended Sheet |PEA/AU LLOYD WSE 31 6. ALLO
neural network as clained in any one of clains 1 to 5, YD Wisg
wherei n associations are at |east one selected from

the group consisting of. an elenental neuron wth an

el enrental neuron, an elenental neuron with-.a

structural neuron, a structBural neuron with an

el enental neuron, a structural neuron with a 5

Stguct u Kaaleuraﬁ'léfvﬂ:ﬂe as7ela|n‘9ed‘1r$ HiyPdne RELIYIME 4 t@§ \Aﬁ\tal%in'?sgoclaﬁons
any one ein each o

|
o1 e o'+ 2 iRt srecrs fi dheciroingoBigin ot ab Hemensal rater
group cWitpR elemgntaff neuronnan plamemigl neanen ovith asisidioiabitadon, a

neur on, staiflirah SROGh alithNen RRMEABH ndiford: a Atrik@ltk adeuRRt W K
5as cl ai l%mhpP%haln17 wherei n an |n|t|at|ng neuron i s

associ a an associ ated neuron via active
connections to the associating neuron. 15 9. A neural

networ k Aagural ridtwiiidas dlairfibciin BhBone i RIaRis foBEwhdibih badhidRthe
neuron, glyegﬁt% gﬁﬁ%@{i&s@& eoqe op %lreo Qele%?e% ftrorr]rre th%sgsrgu%l c%tnsrsr,{%g of:

neuron are.
char act @F'?w"esf?"'eﬁ@mﬁieeﬂrw a F%Fﬁ“@qnas‘@cs bei ng at
10| east one of. tenporal, spatial, intensity, nmagnitude

ang, r el at 4a(fa ReRofk Qg‘cla%@d IR cld%n n)el\'Jh@mn% Wrahngaﬁeuron is

claimed in

St £ uct USRS 0BHP e SFR SEERERp the associating
i nf or map¢wen. and nenory; and processing is at |east
one of : creating structural neurons and expressing

par ,ch a .neuro

assocr a e"s?uraggawirn R c\ngéﬁ?da\" TP B M ergg' g Ry ?‘?ﬂ’mé‘n)t}‘e
one of @$safiaRd [neyrgn pOd thih @pssciating heupas| arsf Connmdnwmlon
net wor k piosimal chaegprefistit\td prokitnal Ehatdaristies! baihg BEledardpe of:

St ruct Ugggnpbial, spﬂ&ﬂht@&rt@ﬁgﬁiﬁﬁe QrQ:' refdepoSiticnPS are

required to express the el’enmental neurons that it
represents. 30 12. A neural network as clained in.any
200nd0of &lmgumnaknetwarlo ad claimed lireany dnieef olaignsof tothavherein structural

neurons represent at least one of information and memory; and processing is
at least one of: creating structural neurons, and expressing the pair of neurons
with which a structural neuron associates.

25 11. A neural network as claimed in any one of claims 1 to 10, wherein a level of
the neural network is a deeper level within the neural network structure if,

during expression, more steps are required to express the elemental neurons
that it represents.

30 12, A neural network as claimed in any one of claims 1 to 6, wherein the one of the
plurality of neurons is an initiating neuron, the another of the plurality of
neurons is an associated neuron, and the further neuron is a associating
neuron; the structure being such that when the initiating neuron is activated or
fired, the associating neuron is potentiated; and when the associated neuron is
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plurality of neurons is an initiating neuron, the

anot her of the plurality of neurons is an associ ated

neuron, and the further neuron i's a associ ating LLOYD WISE
neuron; the structure being such that when the '
initiating neuron is activated or fired; the

associ ating neuron is potentiated; and when the

associ ated neuron is Anended Sheet |PEA/ AU LLOYD W SE

32 activated or fired, thesassociating neuron is

further potentiated and thus activated and is able to

\f,\llh(rereel %gtle/ﬂéi gggbeg‘ neg \é\@crlgfin %e&k@'égﬁqhér%o@én 83 344 thus

neur nis ctlvate or fired
at theasta#edandnea%tofﬁe initiating neuron. 14. A
neural network as clainmed in claim12, wherein the

r?§OCI L& rheurap géjtwgnﬂ a's %Ia n%%tlh \é@ﬁrﬁ% Q\,rhelfeinrtﬁgi aﬁo&@t@d hBfon is

res%Ot he associ ati ng
5 neur on adweteqyf"ﬂ%@&s%ﬂ‘e%? P?('"'él%t'"%f‘% "ed in any one
of claims 12 to 14, wherein the activation or firing

gf the 4 nl ﬂéﬂw&q ég n‘%ﬂl ﬁQQIm’i ?? \ﬁt‘é&ﬁ?ﬁh@ta%c@teﬂl nedton &
aS | StIC

net wor I@C*ﬂ’ége I°é|ﬁf?€ daﬂP’ t"‘é I"&tlafﬁ'gl%e"'% é’lﬂb 'eﬁ p?% tﬁh? ga)%go%?ng
activatdeadnor firing of the initiating neuron and the
10 associ at ed neuron causes the creation of new synaptic

connections, or the stre thenl .St

cothecth Bﬁ‘ga' sl 8% clf"ﬂ'g [ nla{“f peqofo&?@é 12 tb nlq Wﬂéptﬂl‘&
associ activatiornas diriesof shednitialiag prusen and hea§§%$‘1'ﬁ‘eé‘t '@Hmﬂ éiﬁaé?fj
and theonebmmdé}{ayd&@ngwron 20 17. A neural network as
claimed in any one of clains 12 to 16, wherein the
associ ating neuron represents the su

what i s. ’
15| etfnt A pexfelnelvorkyas Sliaipedip °'*’=1’f5d?o‘ﬁ“eé?‘m8‘? REPXIEL 8%"’%?
neur on; firk§ of thelinttiating Inewtomandaineeasseciaiest neurop [causeetie Cﬁﬁ‘@mOf
the grogy, ﬁhcpilétéoﬂ&cﬁkfns azr NPEDEYenpthay, of easthy Nyhaptio

of the exggché%;] E%weeg tﬁ%rlrglagngl Réugﬂna;ddqge g%&&l&mg %groﬁ Qﬁd

associ a‘f°é‘ a sequence
event s. between the assoclated neuron and the assomatmg neuron.

20
17. A neural network as claimed in any one of claims 12 to 16, wherein the
associating neuron represents the sum of what is learnt from the initiating
neuron and the associated neuron; the sum including one or more selected
from the group consisting of: a memory trace, a combination of the experience
25 of the initiating neuron and the associated neuron, a memory, and a sequence

of events.

18. A neural network as claimed in any one of claims 1 to 17, wherein .all
elemental neurons are represented in a root level of the neural network.
30
19. A neural network as claimed in any one of claims 12 to 18, wherein once the
associating neuron is activated to represent a desired result, the desired resuit

need not be recreated in another neuron.
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18. A neural network as clainmed in any one of clains |
to 17, wherein all elenental neurons are represented
in a root |level of the neural network. 30 19. A neuralLLOYD WISE
network as clainmed in any one of clainms 12 to 18,
wherein once the associating neuron is activated to
represent a desired result, the desired result need
not be recreated in another neuron. Anended Sheet

| PEA/ AU LLOYD WSE 33 20. 4A neural network as cl ai ned
in claim210, wherein creating a structural neuron is
| ear ni ng, ressin

exdl o5 e severh e B m B gl SRR Slfiral nauror
pl ur al iig lgaroihg, @hdexpressing theaa"cﬂﬁgeur%rﬁ@ %P'ﬁﬁﬂ"al ity of 5
structural neurons for representing associations

b e#‘] neélé Eg\mﬁ ggm;{ﬁ%l% L Plﬁrall Bﬂa@en&"ﬁ{ar ne‘ﬁton%‘ %Hgggﬁrallty of

oup’ consi stin

5 el enentsahcturﬂlelsldfemfm sseqeﬁanﬂm& FReeqAtigNS h%&ft?ﬁa [BY Pl ff neurons,
St ruct Ufdbairdnfeubsne bahgemtea from éhergboup corssistingaieboth elemental
el enent al r 4Gt ratNtl ' dAB - elehfén®Pneufd
neur al netmbqﬁ&qm%aﬁg E«H@ a|nfa1 mheFE|nn 2? "
pl ur al iang oBg elRMeYARL ARUSI" a"H@Eﬁ%W&"“'EH?”P@pr esented in a
root |evel of the neural network, and each el enental

10 NC3 ON L GAlr 93% York Q'J cthifi@® in G 2qf whétéin ﬂee;ﬂ@ralttyabf elemental

:|t Ig%!qtj ﬂseugigﬁ Y regnaémt %g% ?%lleaygldga\re ne*ral net\gﬁ %nd each
I epr eseelérmentpl a¢urérorgpresentsaat ippst ope piagn elemmﬁ] istirgulysq defined

and an ;%ﬁkrﬂuﬁnosydgﬂll\éd Qéta é&n%ﬂfﬁﬁmmmab%MS being for
processed

[ [
or cl ai WP'fﬁenﬁ%Alrlgﬁi 8% & @ %Elﬁrﬂ% lﬂe%'?gar? @é&k Sl ok
15 sel ect etdfofmatinn being R§PceERsd-consi sting of : a sensor neuron
and a notor neuron. 20 24. A. neural network as

cl 95 mEdA oBurk! :@M&@a’s cléﬁ‘ﬁ&f lﬁ leBint f‘fsor' JHrP QWHe% &Glh agmental

rocessed
|pn any v Bﬂ’é‘;"zf s?f?daqdrfﬁ’mztﬂe 9’8”"2‘29"5‘%}‘\‘8 PE ar?e'i‘ﬁ‘?é "e"ﬁqé‘ b Tibtor

processhagoen.s at | east one of. |earning and
20EXPr essi on.

24. A neural network as claimed in claim 22, wherein the information being

processed is memory.

25. A neural network as claimed in any one of claims 22 to 24, wherein the
25 processing is at least one of: leaming and expression.
26. A neural network as claimed in any one of claims 21 to 25, wherein the

piurality of neuron associations are represented in a plurality of deeper neural
levels.
30
27. A neural network as claimed in claim 26, wherein the number of levels in the
plurality of deeper levels is determined by the extent of the memory or pattern
to be processed or expressed, where memory represents a plurality of

elemental neurons.
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26. A neural network as clainmed in any one of clains
21 to 25, wherein the plurality of neuron
associations are represented in a plurality of deeper
neural levels. 30 27. A neural network as clai med i nLLOYD WISE
claim 26, wherein the nunber of levels in the
plurality of deeper levels is determ ned by the extent
of the nenory or pattern to be processed or
expressed, where nenory repgesents a plurality of

el enental neurons. Amended Sheet | PEA/ AU LLOYD W SE
34 28. A neural network as clainmed in claim 27,
wherei n the nunber of elemental neurons and

st2BUCt W reslurah eetwerk @is rolsimedrie gl 27 effiersietie npmeer Al sismentpls
det er MyB&ehsP¥nd Shadtutaie n&frortsh feqUiRID ko) répdedest [theO oresw®ydis

> 29. ?gtggnurglbég%gt\ﬂ\%r lfthé?ne @It{rﬁéjprb{éu@ay one of clains

21 to PRTERY One ot rality of
5 structural neurons is able to associate w th anot her
StdgUCt L iRbural ReBAGTIOSS didimédie afy aneak tlains @f tor8uwizansin aniyeene of

active CO t
the pl 7% ur?ﬁy ofoé?rﬁ%tfrxrglc ’%ﬁ%ﬁ% E%rtgnagé&la{éf ¥t arb aﬂactuﬂal

net wor kegrgn i tbﬁ‘ pherality of neHrqPsyi® 9°“VW%°t‘P'i‘Fet°FJWhﬁ' #"’gt‘"al
St r uct etiron Mmaky gutalitysof struttuzal deeger | evel than both the
10structural neuron and the anot her structural neur on.

15 31. A neural net rk.c in
nedf ond® NeURRL BRIWER a8 € E'B‘E? Qt"’%ﬁ gg wggﬁe%&hqeﬁ%}c?ﬁﬁa?g uron e
of neuriorsdebpsr ayeltharebaty theestrustwrloreyeon 4nd “P%?’I?ﬁ‘ebﬁmﬁi”’a'
| east opGron€l emental neuron from which they were
derived or represent. 32. A neural network as clained
in claim3l, wherein the plurality of neurons .

15 CoBbr i skaeus! neWork SPTRIFING A puraliahASHIoT, MP%%asa?ﬁ!?“%{‘s all of
pl ural i &y pRfaliytof HelroHsaeing abileao b¢ ex@bdsed inctamrst ¢flat least one

neur OnS Bl 0 Pk ok NG e i o oprBieal val ues.
u u

and al | ra neurons being able to express a
pair of neurons with which they
32. A neural network as claimed in claim 31, wherein the plurality of neurons
20 ° comprises a plurality of elemental neurons and a plurality of structural neurons;

all elemental neurons being able to express their elemental values, and all
structural neurons being able to express a pair of neurons with which they

-associate.

25 33 A neural network comprising plurality of neurons, each of the plurality of
neurons being represented by a unique addressable node in an array, each of
the plurality of neurons being linked by associations, and all of the plurality of

neurons are able to be expressed.

30 34 A neural network as claimed in claim 33, wherein the piurality of neurons
comprises a plurality of elemental neurons and a plurality of structural neurons;
all elemental néurons being able to express their elemental values, and all
structural neurons are able to express a pair of neurons with which they
associate.
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associate. 25 33. A neural network conprising
plurality of neurons, each of the plurality of
neurons being represented by a uni que addressabl e node
in an array, each of the plurality of neurons being
i nked by associations, and all of the plurality of
neurons are able to be expressed. 30 34. A neura
network as clainmed in claim33, wherein the plurality
of neurons conprises a plujality of elenental neurons
and a plurality of structural neurons; all el enental
neurons being able to express their elenental val ues,
and all -structural neurons are able to express a pair
of 3501e urAo neurakinetivorktes chainigddy clains 8bef daire 34,ieFRI8Fh WER is
| PEAJ Ao drbdaliied Wé&tw&ﬁbﬁésmgib fb@slnate ahay.wor k as cl ai med
in claim33 or claim34, where each neuron is
represented in its entirety by a single node in the

5 ar3ey. A.ng@al nrtworicempiising @t RleRIY ebmﬂ%F 4t Af AN FERINPYey
of nod ec%n’x'pﬁsu%rht léé§t e pdirilét eabipplinter®BiINP 4 dath Bigmarit of thaisdde;

one pol nt |2: ﬁata a?emen r%hE%e[%Enigbg LA eaaqqggéoieé @5@5& nQée ih ke

node epresent Ing a unl que addr es
of a sp%@b',f and eseh edqrwStrﬁéeseatﬁ [aRpUros 9 aé’&'a‘ffva‘lﬁ Jpyens: an
I €pr eSedch ofthe uurlity dfnedron s isetitby asdociatians,oalisneurnsl being

10each of &J}gbggﬁﬁggay of neurons is |inked by

associ at1ons neurons being 10 able to be
expressed. 37. A neural network as clainmed in claim
3637.Wheh aietral ttwgrk @as &laimed infclaive 36,0vherein the|plngality of neurons

plurali Mu&g aedl,ﬁ.gg,rgf lemBRAMeiSns 4 Pplrblity & lstriicturdlfneurons;

U e Paitins s e Briihals fHERNGRSaG, 20k S

15st r uct ustaicturab peusens Hsiap regledp |eé°r9%§ aekfyr %fs@wa"w“r whieh they
neur onsasdbdikle Whi ch they associate. 38. A neura
network as clained in claim36 or claim37, wherein

each of the plurality of neuro is re ented b n

o dPes SAIeEEh BRMOTE 35 Siime i Claim 85 963aim 5, WREEn 2Pt S B8

conpri sploglitp ofrieuncsd is represéntevchyran addressatidnade maﬂrﬁf@b ing
20stor-ed

LLOYD WISE

39. A neural network comprising a plurality of neurons, each neuron being stored
as a unique node of an addressable array, and each address of each node in

the array uniguely represents that neuron.

25 40. A neural network comprising a plurality of neurons represented by an array,
every neuron in the array having pointers for providing expression, each
neuron being represented by a node in the array, each node having a plurality

of pointers.

30 M. A neural network as claimed in claim 40, wherein each pointer in each node
contains at least one of: an address of another neuron, and an elemental value

for an elemental neuron.

Amended Sheet
IPEA/AU



as a uni que node of an addressable array, and each
address of each node in the array uniquely represents
that neuron. 25 40. A neural network conprising a

. LLOYD WISE
plurality of neurons represented by an array, every
neuron in the array having pointers for providing
expression, each neuron being represented by a node
in the array, each node having a plurality of
pointers. 30 41. A neural nggwork as clainmed in claim
40, wherein each pointer in each node contains at

le th OR %et%l n@t@oﬁ’(%g Bgﬁ‘?‘edg{ cé%@ (r%tb gf&a.ﬁ%‘ r\%rem’iéﬁég ﬁﬂnter has

el enent al ] neur on
Sheet  # FeAf wdum\muw'g@"dgepra%ntsa SHeARHRFONRRARNor k as
claimed in claim40 or claim4l, wherein each pointer

hag, a ﬁm@ﬁblfﬂe&lom MR g ¢ r%m"i‘ﬁﬂwﬁ&pép?a@r?o@& ?o éialm

synaptlc connection. 43, A neural netwo 9 ?
573" oh i 1. OG5 BARI 3 RIS T BERTRRMBBY f Soriinis eprons
wher ei naridhe phralityadfi styctofal newensnsll ielemientalessugponp |beging | abteyto
of el emggiral HGu aeméntan afhed Mduaualsirdahr@fneﬁﬁohy GhiHg @ble to
neurons; all el enental uro ble to express
their ePSERe8AT ‘5}3?‘{]‘8’? w'§|’f'(5"°ﬁﬁ'\eysaf?°g@ °ural neurons
being able to express a pair of neurons w th which

10t hay as aGfeurat ﬁetwé'rﬁ) ad Hainfdd We biaid 43) thhh@rnkexaé‘pt hare R pdinter
claim 4§é re % Eﬁ{a r\]/?l%(gfeéﬁtﬁlems[aﬁstmﬁs %oﬁgh@:ne él%ﬁr@ﬁﬁe%é\

the valu Tement
neur ons P°'Etatq9"ta'|569 AR afdress AtAPHPEURA addr ess of
another neuron. 45. A neural network as clained in any

Of | h
0| r51t erg‘ @ég@é}n%@ Onasac?lﬂ%@ﬁgﬂ A& claims %‘r{p% @Iﬁereln the

elngwper orne %
1Sneural  PHERARGH BO8G, SORERRS AP HNEHohaLISBerETRd fythe peiral
any onenetivorsl ai ns 40 to 45, wherein the nunber of
poi nters for each neuron is at |east twd. 20 47. A

ne%al Q\egevl\fparl I§1th\%l%rkCalis‘r’lcler:IlF}\g? in a@m{neogfe%lgl’rt\s qlb Eﬂ) % d’lper&ﬁ’ the

46, Wwherein to a neuron is
sel ect e@“PP%ﬁfRW"@ﬁ"bﬁ’ﬁh&%@ '§f"i'??§“UP initiating,
20

47. A neural network as claimed in any one of claims 40 to 46, 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.

25
48, A neural network as claimed in claims 43, wherein each pointer for an
elemental neuron represents elemental values.
49, A neural network as claimed in any one of claims 1 to 48, wherein all neurons
30 are of a fixed length.
50. A neuronal assembly for use in a neural network, the neuronal assembly

comprising an initiating neuron, an associated neuron, and a associating
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associ ating, successor, next successor of the

initiating neuron, precessor, and next precessor of

t he associating neuron. 25 48. A neural network as

clainmed in clainms 43, wherein each pointer for an LLOYD WISE
el emental neuron represents el enental val ues. 49.

neural network as clainmed in any one of clains 1 to

10

15

20

25

30

48, wherein all neurons 30 are of a fixed |ength. 50.
A neuronal assenbly for use7in a neural network, the
neuronal assenbly conprising an initiating neuron, an

associ 3&@% Y%H’WQIE RRkcRd 38 3L infthiindIneuhiFEA defe g%@&iated

| PEA/ A 37 neuron operatively connected to
t he i ni"®{"8i ng neuron and the associated neuron. 51.
A neural assenbly as clainmed in claimb50, wherein when

the i nig ik Qélenﬂﬁ&’ E©Blaimed inlaf® 50, \bel%ﬁ'i vﬂfen tHerimghting Reiron

associ ati n pot ent i at e
associ & éﬁ%ﬁ%‘ﬁ 0] ﬁ'efj sé'gca[sfﬂ? gbr@d"eéjrrd"f Tre Ec,e a?%etang when the
associ assacigted maurom isj astiyeted on fifeat they assgpieting @evrom iscgteatinted

abl e t Qnfi hétiQatedPzhd Plehefite.al assenbly as clained in
claimb51, wherein the associated neuron is 10 fired

at the sane tinme as the initiating neuron. 53. A

nei al Anresassembly ag cigimeddn F'ﬁ'mcﬁ1ar'vh?'5'!l the, gesqciated nemign is
assocCi grayht the gamétihsas the inigdtinghéwesn. t he i nitiating
neuron. 15 54. A neural assenbly as cI ai med in any one
of clainms 50 to 53, wherein the i on orﬁ{

Of 53 he A niies 2b9emBlAs TeBRR ot . S5 it SedRies B &
based fioeu gftetie iniibtingInewrerct eri stics. 55. A neural
assenmbly as clained in claimb54, wher ei n the proxinal

activatjon or firi,n f the ini,.t ngur

t h ass’%EF‘é{?'eﬁfs"ﬁ'gﬂYr %h °'3'g'u§ &y a"fyhoe"ecorf ea O%Hgg’f 53! wﬂQreﬁ'lﬂe
synapt | stivtiemerdringpefhe ipitiating geusen @?‘i’gtt'méﬁ?P‘?ﬂje%ﬂ'eu@m ‘%‘quﬂ%
synapt i ¢n pré&x@ndl Eidrdctgtics.bet ween the initiating neuron

and the associ ati ng neuron and between t he associ at ed

neuron and t he associ ati ng neuro
55. A neural assembly as claimedin claim 54 wherein the proximal activation or

firing of the initiating neuron and the associated neuron causes the creation of
new synaptic connections, or the strengthening of existing synaptic
connections, between the initiating neuron and the associating neuron and
between the associated neuron and the associating neuron.

56. A neural assembly as claimed in any one of claims 50 to 55, wherein the
associating neuron represents the sum of what is learnt from the initiating

neuron and the associated neuron.

57. A neural assembly as claimed in claim 56, wherein the sum includes one or

' more selected from the group consisting of: a memory trace, a combination of
the experience of the initiating neuron and the associated neuron, a memory,
and a sequence of events.
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25 56. A neural assenbly as clained in any one of
clainms 50 to 55, wherein the associating neuron
represents the sumof what is learnt fromthe
initiating neuron and the associated neuron. 57. A LLOYDWISE
neural assenbly as claimed in claimb56, wherein the
sum includes one or 30 nore selected fromthe group
consisting of: a nmenory trace, a conbination of the
experience of the initiating neyron and the associ ated
neuron, a nmenory, and a sequerice of events. Anended
Sheet IP AU LLO\r(rg WSE .38 58. A neural assenbly as
cl ai nid i n 47N GRRETBYY 35IcEimAY imanyage Shclaifm &9 16157, Wieein once the
t he assoc#sardialiny newmnos adtisated toi reppésedt 4 desikere QMR dedired result
desired r esdhhot bk Rrdfdiif Sfhteiditdn. Need not be
recreated in another neuron. 5 59. A nethod for
rg{)resentl ng an associ ation of neurons in a neural

work, thaethpd far s¢presentinorak dssoeiatiy @l nplrodsdih ol iyeufd network, the

neutr onf Oféa'aD‘feM&IehaOin?lE@qu opﬂeuﬁﬁé”oﬁ@&tlpe |lﬂ$lty o@qeumm being
ltnitra ln%nniﬁl-i'étlﬂ engl?rgrq Jk%{he ft"l%l pgpﬁ o?wgy rllfem,lrgharbpssomated '

bei ng an associ a uron,
the pl ural®¥9n G e (HBesNeyEN R the Blysiéc ptodumys beiay rosssociating
t he met hodewomrei resthg cofrispg) activating the

| i tiati nga)neuragﬁlaﬁr% tOhifdthd @%#%nﬁyﬁtﬁﬁgtg f %%slgﬁgtgﬂ neygon; and

neur on; a k%t ;{atl n%’ e assocl a
pot ent i at and l:vta he @RRciated spauroat F°ng’°‘ﬁ@l9feor$ﬂdtmvate the
associ ati ng ne@pwsiatingeneutoni the assneatiof nacdn et Bahg B Gt activated

created if no asseehtad ifig aBRUEIRG n@uroﬁ BfatEat\(/Qih Gired
exists in the petyork. 15 60. A nmethod as c%allrrrg);gﬁsqym the
claim 59, wherein the associ ated neuron is activated

oP fired at the sane tine as the initiating neuron.
61. Aonet Rodetasd & AdiliBd in dikirk 581 ‘me@n th%ggogﬂafgd tn?tﬁnn is %cbvated
associ at e@rmswa%gagnfwﬁam{eﬁghéa ey, T1 760 alLer

initiating neuron almed in any one
of claims 59 to 61, wherein the activation or firing
of t8& i niAtmethadnas aimedin cuiml 58 (hedsirt ihe abicaite@Medrbd istivated

ab. the asspbdi@fthe initiating neuron.

62. A method as c!aumed in any one of claims 59 to 61, wherein the achvatxon or

firing of the initiating neuron and the activation or ﬁnng of the associated
neuron is based on proximal characteristics.

25
63. A method as claimed in claim 62, wherem the proximal activation or firing of
the initiating neuron and the associated neuron causes the creation of new
synaptic connections, or the strengthening of existing synaptic connections,
between the initiating neuron and the associating neuron and between the
30 'assoc:ated neuron and the associating neuron.

64. A method as claimed in any one of claims 59 to 63, wherein the associating

neuron represents-the sum of what is leamt from the initiating neuron and the
asscciated neuron. '



neuron i s based on proximal characteristics. 25 63. A

nmet hod as clainmed in claim®62, wherein the proxinal
activation or firing of the.initiating neuron and the
associ at ed neuron causes the creation of new synaptléLOYDVWSE
connections, or the strengthening of existing synaptic
connections, between the initiating neuron and the
.associ ating neuron and between the 30 associ ated

neuron and the associ ating neu&p 64. A nethod as
claimed in any one of clainms 59 to 63, wherein the
associating neuron represents the sumof what is

‘learnt fromthe initiating neuron and the associated
neur &§: LIAOVEIheY SF claR@dG6 . clain 81 wheleiathe Ela'h rfeflidéslone or more

cl ai m 64, s&@&é&fuﬂn Héegr&J;brethQJnH des rﬂ&ﬁo r.[g') a ooumatlon of the

sel ected f, r"%n 2 ﬂ' Qup .Cons| sti gg?

a conbi nat on. 0 { SXTENUER A ‘isﬁ%""‘l“?ﬁ 'teiuz?m Figemory, and

néur on and SERHENGEsH Greintst ed neuron, a menory, and 5 a

sequence of events. 66. A met hod as clainmed in any one
associ ati ng

f cl 5
of cClggi M A5Q ety g? (flatYmeear & 0hyO5 Gt Q]algglf? L0 65 s‘mefe'" phrs the -

neuron is act] vat o repr sen

desired r é%slS’F’f’"“grﬁ‘é@!E" ﬁ@Fﬁ%@dﬁ%@P@a@@a desireg| mestult étre desired result -
‘neur on. 1Q@edifot te matitatinahothgeeabi.ng a neural network
hgving a plurality of neurons including a plurality

of ePenenAalethodof qresatiadal néhriﬂnbtwatlklhb\‘dngoé l§rtaft}131tr+éﬁl%hs lncludlng a
neur ons, Blbr%ht&"éﬁ Qg‘genté?g 5dsS4nd % pltgr’éal}y str e%éﬁs the method

the el emental neurons and structural Aeur W@'

repr esent ?onfgs"(go) creating el enental neurons for the
total nuntier ofefining cryenty adheeemeatal eeursrs pariS etlcith fridlrons  wil
al | defined inppiesent;and (c) creating a set of rules

3 t f based
at | cast Bhe. opetts kel b o s sumbriar dammoetps o be

characteri sti c@preﬁﬁ‘teé@’ alhdefigedipRYtsaadndc| ai ned in cl ai m
67, wherelch anyeainga edt of fles fot asseditibiy ofdfie i m&w&eu@s based on

abl e to associ aﬂ‘ie%stVMnE Br: 9&95! Qﬂracﬂeﬁé{rcg Bnd tgméotpaef cfparac enstlcs Ly
of neurons via active .

20 68 A method as claimed in claim 67, wherein any one of the plurality of neurons is

able to associate with another neuron in the plurality of neurons via active
connections to a further neuron in the plurality of neurons.

69. A method as claimed in claim 68, where the further neuron is in a deeper level
25. ~ than both the neuron and the another neuron. =~

- 70. A method as claimed in claim 68 or claim 69, wherein the neuron and the
another neuron are in the same level

30 71, A method as claimed in claim 68 or claim 69, wherein the neuron and the
another neuron are on different levels.



connections to a further neuron in the plurality of
neurons. 69. A nethod as clained in claim®68, where
the further neuron is in a deeper level .25 than both
t he neuron and the anot her neuron. 70. A nethod as LLOYD WISE
claimed in claim68 or claim®69, wherein the neuron
and the another neuron are in the sane-tevel. 30 .71.
A nmethod as clained in claim®68 or claim®69, wherein
t he neuron and the anot her 4neuron are on different
Ievels LLOYD WSE 40 72. A method as clained in any
22 of S\l aéﬂ%% a% Iénﬂe ﬂ; an&’%ﬁ% gf‘ aalﬁ’ils I67 % %TP\lﬂ'Feﬂalm ?JPQ%%
‘abl € 10 express val ues
st r uct uPSHrons @ eﬂ*?s,to em%%éﬁ*f@'%ﬂ*@%ﬁlﬂ@%@ﬂ% ‘b%rr“Ft”Ef neurons
Neur ons akiable todxprebs 4 panof ase@s with whictBthei3assokiateet hod as
clained in claim 72, wherein associ ati ons are one or
nore selected fromthe rou consi stin

5e| dRent A Mmethed &% claimeR '%lﬁ whergin aﬁgﬂ%@ﬁs algnone or more
el enent adledteilffopnthe\igtohp aorsnstmgcof @n @lemagtamenron avith an elemental

S: r UC: u'hé\%rorn an Elgmeﬂiél:nguroﬁnlttrﬁé ﬁftﬁaﬂﬁeﬂ{eufbﬂ% &chti%l r}eAlf.lron X\Wth
structural neuron w structu
Lt hod 28 SEPETHERrPh 2 Hrb e e o 2 ik e
wherein each of the plurality of neurons is one or
100178 selaepbieh &4 Qbimelith BriyosHe & ARfsSET fb973?fwhere|n each of the
initiati . ron. associ at
neur on. f’[?]‘%l'_'gﬁlf‘ rPS?rH%d%aog'gc? nl,J,Jg R %(7]'91 gkugb
an i ni t iinitiatinggeren, raé?PCIa§"9d§§’86|a§F aspociatig fpuren- an
associated neuron via active connections to the

assfci aty ch%lﬁ:%r 8£im?d ?16cla|r€‘7mﬂ'é% Qﬁuﬁﬁétﬁ\b Wethoh B f5diaBd

75, “Wwher e| eur on, e aSsocj at ed
15neur on af#Rap ﬂ§§°%i§§%’tq“5?f‘ |"ﬁ °W8 GPRCtignso e Reecaling NEUR

on proximal characteristics. 20 77. A method as
cl ajghed A fetddPdsBairfed IH\Gﬁhﬁsnde?&\ iﬁé ﬁﬂhbﬁfﬁ' neuron, the associated

char acterl Sti c§ @ e al . east one G ¢ f";e [ggogaég an Brox'mal

spati al ,"®l"RE i 1§ 2SRRI J§e™hn I ve posit
78. A nﬁ#ﬁé@ﬂﬁgﬁclalned in any one of clains 69 to 77,
20herein a level of the 25 neural network is a deeper

leval witpi tﬂo& la?clﬁﬁ% ﬁl dJ}ﬁBWHéreﬁlt the/ BrtoHanl éhfaractgf‘t&lbé'we at

recol | ectl ui r ed ress
el enent alFash%!l?PB I‘Pé'“m'?é sp%a'n‘é?%t& ”'E’F’%P'i‘f’e’&'a & paﬂgf’"one
of clainms 74 to 77, further conprising:

78. A method as claimed in any one of claims 69 to 77, wherein a level of the

25 neural network is a deeper level within the neural network structure if, during
recollection, more steps are required to express the elemental neurons.

79. A method as claimed in any one of claims 74 to 77, further comprising:
(a) activating or firing the initiating neuron potentiates the associating
30 ~ neuron; and
(b) activating or firing the associated neuron potentiates and activates the

associating neuron, the associating neuron then being activated and
able to fire.
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(a) activating or firing the initiating neuron

potentiates the associating 30 neuron; and (b)

activating or firing the associ ated neuron potenti ates|LOYD WISE
and activates the associating neuron, the associating

neuron then being activated and able to fire. Amended

Sheet | PEA/AU LLOYD WSE 41 80. A nethod as cl ai ned

in claim79, wherein the associated neuron is

activated or fired at the gane time as the initiating

neuron. 81. A nethod as clained in claim?79, vvher ein

t he associ at ed neur tivat 5 or, fired .aft
L[ Pafrd e APOR S P kBl este el i s

one of afired aghe/$amedin@hs thetiniiatipgneuies. acti vati on or

fi ri ng of the initiati ng neuron and the activation or.

soclh at e r0Xi
i acr S ekl afadtes Befiin 78 el b ARk Rl @il
582, whear Sied aftes gheipitiplingyeauroAct i vation or firing of the
initiating neuron and the associ ated neuron causes the

cr gf ti o/{] me{hoé] ?Ialr%xg %patn}(| Sné:gf%%g '}S.ptgsB"l \ﬂ{erélrhﬂ?\e activation or

strengthenin t1Cc connections

bet weerfiripgef fh; ipiiafing HgurAR @F% :*hea?FaVﬂ*'ﬂ'é op 8ung 9 4P Apociated

neur on r&un%nhseﬁawjadm gréxémal dfaregtesistics.at ed neuron and t he
loassoci ating neuron. 84. A nethod as clainmed in any one

of clainms 79 to 83, V\,herelntn soci atin geuran -

r eptesehimstehas ciaredn Gpim8% W '@% pr?’?'%?ha&l)@ on or firing

i ni ti atthadnitiating weurcanphdtthee assasiated: pewrardcayeasr the) creaiipngs neyw

met hod gRagik 2bAeEtions! ¢ |tk ﬂ}eaéthe%eéf%xﬁtlﬁgr@nﬁﬁmconnectlons

e OGS L Bl e B BER Ry perge e
15exper i eprseciaiéd nekeen japd ﬂ’f—‘ a%SiOﬁg""ﬂéaLF@h and t he associ at ed
neuron, a nenory, and a sequence of events. 25
84. A method as claimed in any one of claims 79 to 83, wherein the associating
neuron represents the sum of what is leamt from the initiating neuron and the
associated neuron.
20
85. A method as claimed in claim 84, wherein the sum includes one or more
selected from the group consisting of: a memory trace, a combination of the
experience of the initiating neuron and the associated neuron, a memory, and
a sequence of events.
25
86. A method as claimed in any one of claims 69 to 85, wherein the plurality of
elemental neurons are represented in a root level of the neural network, and
each elemental neuron responds to an elemental stimulus or pattern, each
elemental stimulus being for representing one of: a basic input stimuli and an
30 output stimuli of information being processed.

87. A method as claimed in claim 86, wherein the information is memory.
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86. A nethod as clainmed in any one of clains 69 to 85,
wherein the plurality of elenental neurons are
represented in a root |evel of the neural network, and
each el enmental neuron responds to an el enent al
stinmulus or pattern, each elenmental stinulus being
for representing one of: a basic input stinmuli and an
30 output stimuli of information being processed. 87.
A method as clainmed in claip 86, wherein the

I nformat i on is menory. Amended Sheet .WEA/ AU LLOYD
WSE 4

or cl
005 1 i SRR o P By gl
nmet hod %mreeﬂmm med in any one of clains 86 to 88,
wherein the pl urality of 5 structural neurons are

5885.23 e Err}eeg-lald gs %Ia meH b t%ecolt‘ clgﬁsgg V\ﬁ LWh% elrl @% gluﬁahty of

5nunber WW'@V@P@W ?TGNE’EESB'P"%P('&P|PFS?"tY8fd38é%Eﬁélfra'I'%’9'él s is
' deterrri ned by the extent of the nenory or pattern to

a p? ur pr o& ﬂ}%ﬁsg Fé) &l?ll%é&) rn%ﬁfn? g% M@fﬁ&dﬁ%@%ﬂa&lﬁ R the ﬁlﬂrtaﬁy

el enent %ﬂ et Jaypie Jelenpiapt B bR CSEt A EPEONL G Rafem to be

el enent prbcessealLar @xpresSdd, wheneedt thansbora epekentste dlurality of elemental
1090, wheggi g Jnn %a&“ggﬁénté?fstlrﬁult%”? RdrPdsemEd LAy by Slbibh&fal

to represent he nmenory is determ ned by a nature of

t he nenB?‘V’"to 15 be processed. 92. A nethod as

claimed in any one of clainms 67 to 91, wherein each

negﬁ 0N jSmettfoB & Rifkddans clthh 84, Wh&Bih itheShurnbaY ofdelémentil Reurons
node i n an

one of Eﬁq'éfegré @gre?%‘gg'f me\W(?@'r dge"é‘z'a"éﬁbgf’ %%tﬂ}%d"fh]guraomtg
150f neur bherotessédn an array, the array having pointers
for _providing expression 94. A nethod as clainmed in

bM 93, AL RinRRAGH EWS&HS% clafns 67R5 €%, %Fe% &éh Aeureris

noelnt e arra eac lurality of
poi nt er ©EPrege§d "bgﬁ ity by Slnglggﬂ eHBg'ea ntai ni ng an

excl usi ve address of anot her neuron. 95. A nethod as

20C! @BMEd Al HetRdlYaODE8mMEd irChiyl 6 & Clain®s &7 to §f)@WhBlelh @dch of the
neur Onspunraﬁty %ff neurons is in an array, the array having pointers for providing

expression

94, A method as claimed in claim 93, wherein each neuron is represented by a
25 node in the array, each node having a plurality of pointers, each pointer in
each node containing an exclusive address of another neuron.

95. A method as claimed in any one of claims 67 to 94, wherein all neurons are of
a fixed length.
30 _
96. A computer usable medium comprising a computer program code configured

to cause one or more processors to execute one or mare functions to perform
the method claimed in claims 67 to 95.

Amended Sheet
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a fixed length. 30 96. A conputer usable nedium

conprising a conputer program code configured to

cause one or nore processors to execute one or nore

functions to perform the nethod clainmed in clains 67

to 95. Anended Sheet | PEAIAU LLOYD WSE 43 97. A

neural network as clainmed in any one of clains 1 to

49, wherein the neural network is bi-directional. 98.

A neural network wherein the ngural network is

bi -directional and is enabled to 5 operate in a

forward node where structural neurons are activated

f r om¥’nput? NeYRLRRNOr g5, gRiMRd )b F0\P8P SLCRIRY & g wheTRiR S neural

event s ar ecerisggeettierml.out puts from structural

neurons via el enmental neurons. 99. A neural network as

clainmed in claim98. wherein the forward node is

| ear mMeng, A 1YrAREPHMMCERTETE eyl netepik dh birdiretignal ardsis GRabled to
5100. A rpemtl inreefovmrk mage ehere sirgttural remrgnsoare asfivated from input

clainms 1 tQedtd an@h aQ'ZveHé nde wﬂQ@fnﬁut%verﬁJ‘aﬁe Q)E)\’Hs%d as outputs from

network St oGS adRsat AL ahs.AAd ot data. A

neural netOTK S dr ol HEd " "¢ 'm 100, wher ein the

neural network recogm ses patterns within patterns of

asso@oat i ieurallfdivoridadddinéd in Bﬁﬁﬁ\ﬂﬂh haérin &Jel&brﬁ'ﬁré ndde E leaming,

C{p,al m 100 € neura network is

uﬂsoed for gﬁ%mgk&é&g’%w@%ﬁ%&r%ng and predicting’

stock price 20 novenents, Internet surveill ance,

| nt erget . ASecnat nefwark gocizimedin any pusofdiairesctt tb @9, or 0 RASE wherein’

spam det egldl fafial ftbcASRSrel BssdRistRrdlardMe: dafiXt ; clauses in

speech and text, plagiarism detection;

bi oi nfonnati cs, V|sion recogni tion, semantic anaIyS|s

riépr d9dnt & heywnl etk @sofRimed i elaim rehowvierein then dewfalt petwork

conpr essi @dtognises patterns within pattems of associations.

LLOYD WISE

102. A_ neural network as claimed in claim 100 or claim 101, wherein the neural
network is used for one or more of: monitoring' and predicting stock price
20 movements, intemet surveillance, intermet. security, cdmbuter ﬁms detection,
computer spam detection, phrases in speech and text; clauses in speech and
teict, plagiarism détecﬁon,— bioinformatics, vision reqoghiﬁon. sémanﬁc analyéié.' -
representation of data ontologies, robotics, and data compression. |



