WD 2004/ 114145 PCT/ | B2004/ 002119 1 NEURAL NETWORKS
W TH LEARNI NG AND EXPRESSI ON CAPABI LITY Field of

woOnventiias 5 This invention relates to neural PETEBINS002119

10

15

20

25

30

and particularly, though not exclusively, to neura
net wor ks based on one or nore characteristics
i ncluding tenporal, spatial, intensity, magnitude,
and relative position; and y be used for one or nore
of : learning, know edge acgﬁisition, di scovery, data
m ni ng and expression. 10 Background to the Invention
Exi sting neural networks are typically based on a
single interpretation of Hebbian |earning. This
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Thus nearly all existing neural networks are based on the concept of three layers: an
input neuron layer, a hidden neuron layer, and an output neuron layer. Figure 1 and

Figure 2 are illustrations of existing neural networks.

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



2 recognition of an input event depends on how cl ose
the original training states match the current input
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the desired result. This results in practical networks
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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;
30 2. they can only recognise input states (objects) similar to the input states for
which they have been trained;
they are highly computational, and therefore slow;
they are computationally restricted to represent only a relatively small number

of neurons;
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of neurons; WD 2004/ 114145 PCT/1B2004/ 002119 3 6.
they need retraining if they are to recogni se

i nput object by applying a stinmulus to the output
neurons; 8. they are based on concurrent stinuli of

all input neurons; 5 9. they are not creative and they
cannot express or recollect events; they can only
identify/recogni se events for which t hey have been

trai ned; 10. they assune neurons that fire
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In accordance with a second aspect there is provided a neural network comprising a
plurality of elemental neurons, and a plurality of structural neurons for representing
associations between any pair of neurons, the pair of neurons being selected from the
group consisting of: both elemental neurons, both structural neurons, one structural

and one elemental neuron, and one elemental neuron and one structural neuron.

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

neuron may receive input from only two neurons.

The plurality of elemental neurons may be represented in the root level of the neural
network structure; and each elemental neuron may represent at least one of: an



wanaa4gaciasel ement al neuron may represent at | eR6T/IBIVE4/002119

10

15

20

30

The plurality of elenental neurons may be represented
in the root | evel of the neural net wor k structure;

of : an WD 2004/ 114145 PCT/1B2004/ 002119 4 elenenta

stimulus, a defined elenental pattern, and a defined

el emrental data elenent. Each el enental neuron may

represent one or both of: basic input stimuli and

out put stimuli of infornatidh bei ng processed. Each

el emental neuron may be an equivalent of a neuron in
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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 learning of memories.
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conprising a plurality of neurons 1in an array, there
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provi des a neural network conprising a plurality of

neurons, each neuron beingé;epresented by a node in

an array, each node having plurality of pointers,

each pointer in each node having a specific and uni que
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tﬁé?@h@"ﬁ?%’i?i"é‘é’&se?nﬁé%foéfp net work wherein the neural
network is bi- directional and is enabled to operate
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25 created from input, and in a reverse direction where input is derived from nodes. The

forward direction is learning and the reverse direction is expression.

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

representation of ontologies, and robotics.
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speech and text, clauses in speech and text,
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recognition, semantic analysis and representation of
ont ol ogi es, and robotics. WO 2004/ 114145
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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
25 on characteristics that include at least one of temporal, spatial, intensity, magnitude,
and relative position, for the formation of memories, that consist of one or both of either
input stimuli (represented by elemental neurons) or output actions (represented by

elemental neurons) in a natural manner.

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

creativity. Input stimuli may include one or more of: audio, visual, tactile, and so forth.
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el enental neurons) in a natural manner. 30 It also
provides for either or both of nenory recollection and

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 nmanner nay
exhibit creativity. Input stinul i may i nclude one or
nore of: audio, visual, tactile, and so forth. WO
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Accordingly to one aspect of the present invention,
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t he neural structure than bot n
NTAYdiesin Ane spgne Igygl, g5 mnay beiip, slﬁsfgwe!eveiwﬂ e B?U'W”ﬂ%’el e
d i cfef)ta rog dvel & \eehetirapf in tahrgeuret nedorksstnucioreus daseliben thelepber of
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bas on t steps required to express the
el enental neurons that it represents. 20 The neural
Stvhu%ma&mamprdos@&ee @elrons whwdleaaeh eauzdn reprasants a memory of
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levels of every neural network siructure. Deeper or subsequent level neurons
(structural neurons) only represent the association of other neurons and do not in

themselves store sensor, motor or elemental stimulus values.

Each neuron in the neural structure may represent the association of only two neurons,
one an initiating neuron and the other an associated neuron, although each neuron
may participate as an initiating neuron and/or as an associated neuron in an unlimited
number of associations, via associating neurons. An initiating neuron 41 can have any

number of successor neurons such as neuron 43, where a successor neuron to neuron
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25 Elenental stinuli are only represented in the
el enmental neurons mai ntained at the root |evels of

| evel neurons (structural neurons) only represent the
associ ation of other neurons and do not in thensel ves
store sensor, notor or elenental stinulus values. 30
Each neuron in the neural structure may represent the
associ ation of only two neurbns, one an initiating
neuron and the other an associ at ed neur on, al though
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assocl atl1 ng neuron 43. Neur on en, consi red
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Ve connect 1’ons, ~or the strengt heni ng of
eX|st|ng synapti c connections, between neurons 41 and

43hawdflmr&rp&>xﬁrﬁtyain®m%aal aaitvencms(sdmh@wmntga e Uy e Aes of
re s the s $9ﬁpa tkg pAt %
d
\Hg ra ogu E) ﬁasch 4 eupalliug F’rog(ﬁ'l A r} e tgﬁgssg% nﬁ)glr gn
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Ofreﬁréb%nﬁe&DNeLﬁ\orfs%ﬁl H&Jb@ﬂe\ﬁtﬂs VEhethe neudal ﬁét@/&ﬂknird lg¢ssafkely to be in
evﬁ)se proxmqy %hus itis I’kely that AP will increase. If AP represents time or temporal
events AP may be as short as zero, milliseconds or seconds, or as long as minutes,
hours, days or weeks. Events that occur simultaneously in the real world may still be
represented temporally based on differences in synaptic activation or firing times or the
length of dendritic firing paths. It may also vary according to the processing
requirements of the memories or events being represented by the neural structure. AP
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Once a associating neuron is activated or created to
represent a desired nenory or events, the desired

neuron. The definition of proximty or proxim
activation or firing will be set by the rules of 25
operation for each neural network. Proximty ("AP")
may vary across a level, and across |levels, and may
vary according to the type of el emental neuron bei ng
represented. Neurons at deeper levels within the
nemaryahsonqtrmnﬂ@pamae rellagioss beahkesnobjeds beevients apdl eanealso represent
[ GEaW Il increase. If

etogaléc%' s:pgﬂ.la{? rél&hohs?npg glé%g¥og§ hﬂg% enltns AP may be as
short as zero, n1II|seconds or seconds, or as long as
M ARHURS netWélk H&idl‘ding 16l mwréséntmemn chnsitst o twdasic eteoents:

si mul t gneou
r é‘pr es %née&fc’ab é%%r}salwﬁlcﬁ %as eégﬁ%serq dél@?en?%l ﬁ r||1u|p|%ensor or motor
synapt ineuras oy titroalementpl data gpst regwEedopr flerired.| Ehege rargfthe

dendr i tddmebal loh God?alddfons | orTahich| & heli@ar Ye@oaoO Isdcorgirtiated.

th t
bor g U7t Bt oL v bf FelEl parsRips fo pé S
2004/ 1 b4fsiibndeCa/ bBIGOA GBRMA®N @enmgayepaﬁssam eprasegmple if

spati alr%;{r@eﬁﬁ o'ﬂﬁ Qﬁ&l%ﬁ[e%or@&l %t %le%ntﬁb’%&rﬁns’i%uﬁjalﬁ)e for
al so represen he top i ca al relati,ons

of " mounBHeSTHOCHUNE . CREOPAPURE (B RoAREEP AT "
t he premernt iypesnt i ementangiesoss cficht we foasixempelt, emtsst f°f
5 1. H g&@é&hﬂ rsggﬁrg ey gomie‘ﬁgty%{hersgmﬁﬁ%e)eémih&i set

stimuli, sens neurons or such el enent al
dat a aéOTH%%ﬁeP‘é\S“i'ﬂfrqﬂlB%’PcV@H es%8de are the el enental
or root neurons fromwhich a neural network is

constryc rtegrg%enn@] %&éﬁf iy tagt e Rby %lf; QRO bAIe&I RSroRS o

be define on t ype 0 experience or
eventst@ﬁie@ﬂﬁ'fa@?th@(tsiebfﬁr%fé‘?tﬁ'@s%ﬁﬁ’lgesent ed. For exanple
i f 10 representlng the auditory cortex the el enental

neur on vnsnon qherg nﬁa be E&Q ?%%mehtgg néﬂr&{s' B%pr@%’ﬂ #% colour

El ement al"*Reur r por at e
di f f er enpest ;osesedg?s STl MRVETRDH A0 80 &E‘Ehasaf@”e?%?ed by the

exanpl ganglioR csielor bfdcificalyis RpRBért g photiteu@pgynOr
intensity of the sound (volune), and another set for
representing the frequency of the sound. 15 If

r epr esdiot sirgresentors tr@mm@ngq glempgialdeHiRps pATesPYWing 49 touch —
el enent RdchARHCOMSr hdtkons! Rfperafindl —an@mbekcepedr rlearons; pain —
ol fact onro icesp?orl]'sneur%ns and so forth. Motion can be represented by the various

types of motor neurons that induce movement.

When a sensory neuron is activated or fires, it communicates to different areas
of the brain via synapses or nerve cells that a certain form of energy from a
specific cell or sensory organ at a specific location has been received. All
sensory neurons have similar central processing mechanisms. When a motor
neuron is activated or fired in the brain it induces muscle contraction at a

specific location in the body thus producing movement. When a sensory
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In vision there may be sets of elenmental neurons to
represent the colour 20 cones, rods, edges, contrast,

ganglion cells, or specifically to represent the

phot or ecept or neurons. For skin receptors there may be

el emental neurons correspondi ng to touch -

mechanor ecept or neurons; tenperature - therno receptor

neurons; pain - 25 nocicept neurons; and so forth.

Motion can be represented by the various types of

Mot Or  Rawdrodisectshamtevem i passesthe alatand the Wedmwizers & isgapogssed in

neur ontﬁesma%;é b gtﬂ‘c%e_f ires, it comunicates to

different areas of the brain via synapses or nerve

cells that a certain formof energy froma 30
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Se n
PCT/ | BS wflsggsel H‘QF?é’[] ?fdﬁlng %ﬁuggl)gg ucguree nélpdfg‘cfégs protein
passes séduencds, the telemtehiel bewdns milnebe défined o rpirsesisiael twepty
the br gr'nfr\o%cngf ‘6F ékbsétg k&rdotll For sﬁééchfdhﬁéréﬂt nfbkd? ABUbiR may be

neur ons def | ned

5 neur S‘Pf'"gg HMP‘W% dtﬁS’eBF 'BH%??’ E‘H‘g F‘é@ﬁ?fe&{'”g 'n l{i ef 'gglfclpon
el emenbidouriseoespoming th phondmbs, medisd forti.epr esent t he

al phabetic characters and punctuati on characters. For

t he Chinese | anguage, elenental neurons cou g be

def i neBlemgptalnguoneiarh B iniiafigyand Asggciatest neyrags Putgannot be a
t her eohssotiftingskeignt he neural structure to process
protein sequences, the el enental neurons nay be
defined to represent the twenty 10 am no acids,

subset 8 t hePw¢stural qur@ﬁe@ewser&m 8% ditrahsteRiRe P% fgural
may besin@etd Bedubeatgy dARigeredd toreisentf newsans| that represent the

contr aCtslog a |on r& H'thrl 'ﬂgurl)lms t J@F QFﬂAfiF bie0 gens@i n%%ﬂgsmotor

corr espon ONemes, Ienent al
neuronaamﬂﬁ @emhﬂ1$m§¥ﬁhgmﬁW& d§§Uéﬂﬁ¥@ﬁ'W%ﬂ¥éﬂgdﬁﬁfca"

cannot g, @prege'iltu@@rﬁ&@la&ﬂ o infetata@on. 2. Struct ur al
neurons representing the neural structure.. The neura

structure as illustrated in Figure 4 consists of
neur onStrudial negione s@nglsq ha used to form associations between structural

neurons representing different sets of elemental neurons. For example, an
association may be formed between the English word “ball” represented by an
association of alphabetic elemental neurons, with the shape “ball” represented
by an association of visual elemental neurons. In this manner it is possible to
build neural networks which allow the association of information across
different 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”.

as represented by thePCT/IB2004/002119
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associ ation of other neurons, whether they are sensor
neurons, notor 20 neurons, or other structura

representing nore and nore information. Structura
neurons can al so be used to form associ ati ons between
structural neurons representing different sets of

el enental neurons. For exanple, an 25 association nay
be formed between the Engll§ﬁ word "ball"™ represented
by an associ ation of al phabetic el enental neurons,
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repre Sé;H?rfaﬁanspﬁse gb &m@% 'Bffor[gH % neura?gHuc?Ure representing a
phr as esjsual sase Neurans represkating Fedgess ed lines @Hqyrves o [9giects or

g peech ﬁaﬁérkse Wiy Be aésfomatgﬁ @rﬁ@ §$1'eﬁrﬁl §tﬁ1¥ﬁlre0thatr 5%865161?@ élemental
ook

processing o ndi v cte
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cl ausespjeatnavits dar objecis,hor highpjecte w’tbimv <Pm1ect5h§wb puildingzrthree
al so or ﬂggkﬁﬁgngggﬂhggkmoghaﬂtopographlcaIIy such as

t hose for vision earing, touch, pain, and so forth.
As 10 such it is possible to construct neura
st r uct amesambaturalepua@sentn bpasdddd reprdsantavorgalign ingoy of the

For ex%[? d%\enLIQnSf cfé’fll';@drlg sfadéSinbi filnesStructure

represen a visual "scene, neurons representing
edges or Ilnes or curves or objects or patterns nay
be assogi aab@dtrie Bhadpedbalie repkessitediot aispetial matralbrecivieatmay be

el ement gl AGULAN e §pakére Bid! '%gll”pr'eﬂ%%) tdaNbyP al t'eﬁ‘lﬁ@'rap heural

curves ‘based on proximty, near jects with
obj ect stru@yrehi gh objects with | ow objects, thus
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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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di mensi onal map of the environnent. The sanme neura
structure can be used to represent information in any

As above, the shape "ball" - represented by a spatia
neural structure - may be associated wth the spoken
word "ball" represented by a tenporal neura

structure. 25 A structural neuron is a associating
neuron. It can also be one 8¢ both of an initiating
neuron and an associ ated neuron. The conbi nati on of

el (spapateaxhpore ntensity/naetgnitude/relaive pbeitics) sf hé saws dpiiastimyh. The
fpt‘ctsbo‘gedt &ural nﬁr‘ﬂx'&t‘a} ﬁﬁdwéc*o“ MR BArb A VWoub R asbdRutiGhe & IoF&Br to

tructural neurons represent particul ar
elrepreseplasohpent ‘Eﬂné@"séﬁe“‘@ﬁ"éra&‘@tt@f“?‘%‘i”irc efPR"HPYF Al °fc38F‘i‘°é%‘<'°"
( Wﬁlo Rl newsle¥Pldues) (intrhh orfieditotiicals tassuetatiors) adllowssfof ahe
ere tatlon of f S by dynan1c
SRR oerst e eR o B bR
activity in the neocortex that is evoked by sensory

NQIARNS hay Bb V‘@Msﬁms@ﬂ Slelabdéde dr inBmbd eacbdraihg) b Otheir functions,
different "are

S. dlf eren
oAU IPvaRnIBe B Ty BRI FaL Aoy bered 5t a
2®am¢mar4cnmaasw/nha2m4mwmasg be lipe, distance, space, length, height,
(R} babluEImORpbhbNERASItARGRIE e/ Tel at | ve

e same input stinuli. The proposed

neural structure allows for intra-areal neura
asEm it pticsiar dinensle, anp twe epresenty bo Hiferentiated according to
C%‘fre%sa?{léJ of 99&5@ ROFreRED PO, - scHBERChabPUEd.S THis relative
assocl at1 on the neural structure (intra
c@Pf'ﬁ'%‘&‘Q@dPP’P%G&Fedé’é‘,égm ations) allows for the 5
representatlon of increasingly conplex information or

sgcy Lndeﬂﬁ%%@m?ﬁ%f@y@ﬁ&ﬁﬁu 8 SuralCleBank fsl Rat 16 any two

unctions, characteri st]
] @9‘@4%'9”@@& Afelatedin § by elplyePRSTIQMINFS SEsHaYIE) elop g that'has

d%ﬁhd’é@ﬁbnﬁ Qla s’#nan@&f tol soth Asurehisneasd BN.If §'Lh;a_ta Humendpiesnt exist
m?li/ is éxo'sTstl? ﬁo dp%aqg &§n asﬂé’j}{?cﬁn aAoe%g&:mn%{ﬂ@ﬁsg IEﬂlerefor:'eoneuron C

or an
c raammeé rnrewpnsCA any B mgﬂthert rgaipgaiping hefr aelatye Resiians f angdfy may
t\yg, Blﬁl&)%ﬁ hé@Yto e, éhnfmjtﬁiug Rt cariseclitiae aakiditheg relativet positions.

‘ n,jj Bﬁre O\E{Fg'ée%rmfh cgg g socf'la%g léw mcl%’urcﬂgﬁ érld% whlﬁﬁ?é ?es@ﬁt events

30

Ive OSt loning 1S represente
byvhejner the evenis are concurrent contlguous consecutlve non-contiguous, non-

consecutive or overlapping.

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

associations), and so forth.
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lication of t
E root neuron being rlgpresented by node zero in the array representing the neural

25
network. If the answer to the query is no, a new elemental neuron is created (54) and
the process returns to (52). If yes, the process continues to 55. Here, the rules to
associate neurons is defined. Alternatively, new elemental neurons may be defined as
and when they occur during the learning process.

30

The first, or next initiating, neuron is then found (56). This is designated neuron A.
The 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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nodel for processing a sinple sequence of el enental
events. In Figure 5 the neural network or array

50. At 51 the type or category of each el enenta

neuron is defined and nmay be ,related to, for

exanple, text, vision pitch, colour, edge, sound,

vol une, taste, olfactory sensing, colour cones, rods,
pai n, contrast, movenent, mi&cul ar movement, ganglion
cells, photoreceptors, touch, mechanoreceptors,

t eifp efeqiratess retdra back to 66.8yxuom, C cadiegeletred to in iistrirengss as the
I racters, letters, words, and so forth. 20
T%%ggﬁgﬁenta neurons are then
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asifgtﬁb 8 Gtoeslo\h ltBare btfawenng alordaetaiDor adpsesBotly 59xaf Fighird 5.3 )Here,
Unl ue val ue e
adPrALEReRRSoT G SRR RRo ] pf ¥ Batem or

elsemncwfewewn@h?pufqm?m%e created, and are attached
as a list of successor neurons to the r oot neuron,

root neuron bei ent
L5 556 BLahe St porer R etR T Shiheltl 345 A Qe sa&*%? or
t Getjlvace) Wk matchipg neyromisriawddh stee A2 alheneaieking peyreyig atnedron
( ?#I)emalg n tﬂeh‘%uﬁf RARSHR thaEhAERES tﬁéleécﬁ&%) everlttfor ¥esmts ih e pattern
S

roce continues to

D nareaela it Roph e et st Tt e A
nejfiedsasine Ibtiatiefl haech deuraand). Vifhenevehiepoioiec i thgar ipdgted

the Ar&@g{ DG RRQGERS for E ndlIEl rfetvfo?ﬁ to g@lht 0 etnext event.

i 51°F ng, neuron Is then found his is
desi gnated neuron A. The subsequent neuron (neuron B)
i Smnbthennéterumgjne(uﬁah)»s theh faaind mssepcddatAgain, hifs neewn gnemery)an ibr

g\nanF ]pra Lve%%dm tﬁe( bﬁﬁe?n éﬁ SdquehddCorPi/RRE $RinfeBHS N'dySthd @Gént

created as representin
{ heinigs B aoioHmBENEHAFATE AURSHE HedTOREtRs BHIONBEY BnE)
B 16:6 8yeny\6dintei04 thtid dpdbtedRCdrdiBg ©0Hd ADindd Biles Tot tarTbutaheetwork

3(()) (ﬁgrsttst?] ¥h%vn%{ctte§/egaﬁ lfhlé ?tﬁét%r nd¥ YERBiadngGR0roRE of %ts@r.,r Jtl@l‘?s are

proces assocl at1 ng neuron.
8 alveays crreat@w %'hl&?ttto ardevtea tie etV Seagtally e %Ft“é‘ﬁ‘so g 'Ct et
5%aid previglidly@xieted Hafietwise owbEid hale bperometssady siep 82.ear ni ng
is of an experience represented by a pattern or

sequence of elenmental neuron events. In step 81, the
e\Hawing goNpieted tespregsssingyoftehinglq pase, the &afam iR OB GHeht sqdHence

t RRaye W€ MHrodesdeti CadRirOk so desired, extending the neural network structure

accordingly.

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

being processed.

Figure 9 provides more detail of the process steps 82 and 83 of Figure 8 — the finding

of a matching neuron.

network is initializedcatB20885002119
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sequence. A matching neuron is found in step 82. The
mat chi ng neuron is a neuron 10 (nenory) in the neural

the pattern or sequence of events pointed to by the
event pointer. This matching neuron is defined as the
initiating neuron (neuron A). The event pointer is
then updated according to the defined rules for the
neural network to point to fhe next event. 15 Anot her
mat chi ng neuron is then found in step 83. Again, this
newl siep 9( trenmatyhing Seufar pointdrds satdmzero by @oiatingstojtihe fopigneuron.

pq:tol; ?Jcn sQ{lcﬁscs%g f(tﬁe rﬁé&%ﬁeﬁ]%%t@ﬁjg 1)0a 86k B%oﬁi(@[éﬁ to
IS anot matc |n neuron 1 s
Pttt BT e SRSt SLG ALESSo PGB g HEen
| Sevénﬁ Gﬂe\)éﬂd af Qédquaﬁvém tihe patteront shaQU aheé pihevents bbieg prfocessed af
tr]r%:r{tﬁmc%gs move t(p 8%#@3 \Rlﬁ)eré {?1% ggﬂf& foﬂﬁ%%a’tch’irﬁ rfenl’o§ |s set

gsocl atin associ atlons are 20
altwaylst ortbaseatessou ppwen thlab mawpe% e cyentPafiaa ¢ SREYeRFS . In
S)%Qg’tﬁ?d{h\é etlﬁﬁ pBifiéF MBy be EQuEISH 10 Pbint 1D AWEremaBUErQ Seypattern or

e ave
B 2N GV PPer LA RS 5388%"s@a*ne%”fﬂ§*’§3&@ i Bl o
t eeparand dartinuesr lethe rasuls efcrirprRfais then il dpesnp P o4 the
agﬁdtéﬁlﬁgfneﬁﬁngﬁﬁhérqg ret@rﬁéda thtfh? tb Hige %@Uhﬁichnﬁ@hﬁ@bﬁﬂ and the

structure accordingly urt her neuron that has
NPOBEARILESHPI%- t hen found in step 84. This is
created as the associating neuron (neuron C) in step

8 %quﬂrehﬁ) RSPSESH nfdhe S ﬁﬁﬁe &gcetsg oi%'%bpafs% ng@l’@%a-t ’(ﬂ§i cr’eﬁnoﬁ Bfa

here are no
s EGERSIFHNG RAUrRy dm plep 1@*0 tfﬁéplﬂﬁmg ngletgg gfetag aﬁoaﬁt}ng rﬁuron is set
pft@’tﬂedﬁﬁnt wahe indietir neuah, sriticin jprep 163 Shesasepriat@Pneunah BMtesfof

e MU b S s R0 e D04 M o
FTEIO PRGSO @EYTBRF @awm BRom 4t GEtvefed o SFIHY BOHIERITG P
t BRinteP RiseNiB tEstep [FIB). Thehexs vacasmdtervd thecssagfatindheeuron is
nﬁhe%hsleptg bg %HU%(P E: t{ng ES&FS%P neu?on%f?ﬁéf oi‘ the Gﬂﬁtdhb:ﬁ&ﬂ)nt 0 Fmally

determn te express]on of the succes
neu steR wgt e eSHCEgHEOrS %@%’q?fei'ﬁ‘? inifigling (negien dg SRt o ppint to the
S %@é&r&ﬁ@ mdﬂurdnhaﬁnd pradstied Assodiatihg edrne becdmee Wenfirg ebty inghe list

\?w?g%t%g?ssg%r neuroH té)rtlli l%ﬁ&ﬁnﬂ nbd}Gy Process noves to step 93

e matching neuron is set to
point to the successor neuron that matches the event

P ér@\i;fbf @lem2AELIRD NS rdpﬂaserﬁiﬂﬁ atcb@mon tigactarieitt mpohendrgamised

pd%/t? glpﬂr?%% yhus |g is poséJ &I Q hatvg at\/ﬂgal cgﬁr& &qﬁrnlr%fgrwag of neurons
which relate to a first visual characteristic (for example, a group of neurons for colour);
a second group for second visual characteristic (for example, shape); a third group for
a third visual characteristic (for example, size), and so forth. Structural neurons from
one neural network, representing distinct patterns or events, can be elemental neurons
in another neural network. Multiple cortexes, possibly represented by multiple neural
networks (and the neurons within them), may be interlinked and related to form an
integrated ‘brain’ which can provide not only an integrated learning environment, but

also the potential for intelligent behaviour.
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sequence of events that, as yet, have not been
mat ched. The process then reverts to step 92 and

match, in step 94 the 10 matchi ng neuron pointer is
returned pointing to the |ast matching neuron, and the
process ends in step 95. Figure 10 illustrates in nore
detail the process of step ﬁg in Figure 8 - the
creation of a associating uron. In step 101, the
initiating pointer of the associating neuron is set

1 5raditiohdiengocal mbtwbrks taine tipivallyi anidiregtionelur Ohis reesds jthats givgn a
102406 p85H8 %@L’F&h N5 R UdNeber, fPuEy tcﬁ}ﬁ\oﬂ%ﬂkclh ahé Rferse

nedron s set e associ ated_peur,o he
asireripat THRGSePNERe JHRUL iz nat pessibled J8 poTte J}edﬂ%” ‘(havi ng
been just activated or created), its successor neuron

pgljhgz &%segf u%vHﬁtloB Oorbiided fop iR clx?é’t)my e eﬂﬁ'&sloﬂe Wiittheby the

€ associ at1 ng is then set to beée
e@awenceaoft ¢vents ist desdw o e @praﬁtruit@nﬁf @py BureMgan be expressed.

' Whta'nﬁﬁdrﬁgcen@lé&ﬁr@smdﬂ i @k ¥t,allds & Bodpletp skGiencé beevents to be

successor. _poin of the a

p d?pﬁ?septgd tbﬁ & snrgg eeuron, | and {hﬁtesueg%%ncg %851 ?ﬁ rregapo%ﬁedsw ac§n9atmg

adis singleinegronawd, imtue @mmaslfqnh éhaf rapessert g gsspeiatioRdnatiisire
lmﬁ‘#ﬁ& BEHO amtPiE ABSoclafedt fdroh i tHedalnaGelaér susitioM o brderdin

ng\!cgglgeg%egql ?reatﬁcg %go 20 jﬁ ﬁ@t | nr%iyslt 15 rﬁossﬂe for a sm)gle neuron
Theggesenting sscoppiets dadpenanoe bramemay (segusare Ve tO be expressed,

c s of neurons which relate to a first

v?%%@rghﬁg¥%%§§%|stlc (for exanple, a group of neurons

for colour); a second group for second visua

C e agiprsssion iabilifyf ior impleamepled, bys ap & ;the iniliatingl Reindai pardothe
atsPdcra?eﬁ\ﬂo%ﬁ?lfor 85@. GloR i s héurdi ERlcnpxampl e, size), and

truct ura neurons from one neural network,
representlng di sti-nct patterns or events, can be
el BprRedied is MRstkassin Furent anwhéreexpressipals raatingdrRe first check in

'vl’lsltetrp|a1I R4 % t%%relteﬁﬁﬁes thggr?iﬁil% ﬁmﬁ’[glp(gf%% 0 Ve Bbrbdstl & equal

eurons within then%t Fi -ﬁ4
i rie &erbi ks 'Iawestrb@| 3 AYNeER! NBYRR APF the PrOSETSie¥d™s BSPn
V\mH'éFb S@res§bOisi adBvabien ofard ylementienére @r edledstbred imiha gssociated

envi ronnent Hzetdbh b DR RBlarted.
b aatoR B eBlonga? 8 sigeeh el onp %%‘8447 go soldft g1 DRRlane
Triadiep il hialexpression of He PesPIKROIEPGLobY Hledny "’#‘99 neuron pointer of the
UHedioh Q& bt @RRbssed hirBstBR als |std9<ﬁ1fessug1 dfethe aeurcre pbiatied to by the
he out put .ca e r BRA all
wc#ﬁo‘ﬁ' 4 ‘r']eémfne‘f/oe"rt%reoq tge r %@%A kb ?jﬁ_&‘g&gg TBH@}[‘“% 2
o Leiqmeenial peurgns repsesepiingshepnemeny h@@rhee'é@tpﬁee%?qaput 5 The
present invention provides for the capability for
" HRh BFcuitoanin, thehededry fddean address to identify its location within an

addressable array of nodes where each node represents a single neuron. All neuron

—

pointers refer to an address of a node representing a single neuron in the array of
neurons. The bit sizé of the address or pointer will influence the maximum number of
neurons possible to be represented in the array representing the neural network. For
example: using a pointer address size of 32 bits will allow the construction of neural
networks consisting of 22 or 4,294,967,296 neurons.
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sequence of events that |leads to the construction of
any neuron can be expressed. The inportance of

events to be represented by a single neuron, and that
sequence can be reproduced by activating that single
neuron and, in turn, the neurons that represent the
association that is the 10 hzltiating neuron and the
associ ated neuron in the same rel ative position or
order in which they were created, and so forth. In

t HHiash menovels regresesteg i $ingle fxsrl lengthi nege én AaRvsAtional array or
%%c%ﬁ'g nﬁ'ﬁu@&nﬂaepgmhﬁﬁﬁhw He@RF& iffan BRAPW bé SESHAEST on

event s be expresse exper.ien
18her fpdal RYPPUY Stofage a@fallqbgé\y ?ng?'nﬁrdlé‘}fre%%g&“ and tlhg p%%ter
| rigbresd dreiiegtoient er and the associ ated poi nter for

each ng ro” \ li!glr?o Febwill BYEW RP 8h @2 %

il ust ted |{n23 Uif? es%\h%ﬁ&g%pr elssn on i sbr equi ?‘ggns
the first cﬁé@kﬁﬁ“%téﬂ"&%l is to determine if the

i nitiat I?ng F&Q!Z"Tﬁlﬁﬁouﬁér ddars® anghitptutcowib @llex for @p $e@ 8 insurons.

equal zer é .t must be an el enment al
neuron and ?rltﬂ? ‘ﬁ)éé s*?lér\t}résr’ts to step 114 where,

expr esgé)on |as48aim’t poinderi asidress architeciureayill RHove{nE HP 12" \PayTges-
stored int hﬂlsasst’?ﬁﬁhﬂ't‘@éi:ron@&éemon to represent the

el ement al neuron 64

is starfed. 2%% b'%'foé'Berlafgresi argﬁtef tégesw'ér?ﬁ‘g’; ét&ggug’%ﬁmn&
poi nted to Wyistihes k0T nerdnsg neuron poi nter of the
neuron to be expressed. In step 113 is expreSS|on of

t he neuron pointed to b he .25 associ at
oﬁsﬁp% jhugan Bﬁx@ Q?ébﬁpawmr%ﬁab( ﬁéXB?ué@ge ma¥ebe po%g %ltgr}natch the
u rbbpéc:ty’dbﬂ a huathetdbarmarn braigs peinga A&t poidertaddigss srehitealyisr ased
(Yﬁh(?lg%?to f‘r@ﬁt@&%ﬁﬂ suﬁﬁﬁ%4%%ﬁ&@s§ld@ ft hﬁy 'BStpbﬁ&ﬁdfe Rasvéihe

entity 1ts locatio é s h ivale tSIze
atféP%E’dle@e%ﬁ"F ﬁ?"%ﬁ"%‘ﬂ%%c‘m'é?"@ tdlh "ﬁ‘ﬁa'é e STRYRR
a ¢ hmalinmemaobraind\virediegetiomn. 30 pointers refer to an
address of a node representing a single neuron in the
array of neurons. The bit size of th(}e addr ess or tors.
poiorrerreseif te newrd peieds & RadeyY SRRt Rl ATRPMBE © A8 RSie
POsish Rbiftel Borliing @PadeisRn tie dndtirer nbwomr A pxpiaprdedione.i ust)o an
th neur al 5iSfng of up to
i Bs oy o 3% B il SRRt Bl orkU Rl Bing o
néhr, Il4bll|1@1,\n9lﬁfk@ consi sting of 232 or 4,294,967, 296
neurons. 35 WO 2004/114145 PCT/|1B2004/ 002119 17 Each
neursg\g‘g?] I %%Lgr Seea%ﬁ %gurg}( my 56 M Redtbd B ol LR NAEEP], B,

arra
P; and P,), in the most baS|c |mplementat|on 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 ‘ghat participates in forming the association,

i.e. neuron B;

it allows a conpl et e sequeRC®1B1004/002119
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structure. The nunber of neurons that may be stored in
an array wll be dependent on the total nenory

the pointer address architecture: 5 (a) a 16 bit

poi nter address architecture will allow for up to 216
neurons. This is 6.4 x 103 neurons; (b) a 32 bit

poi nter address architecture will allow for up to 232
neurons. This is 4.1 x 109feurons; (c) a 48 bit

poi nter address architecture will allow for up to 248
neur on$3 — 4 Poiifiki ts ailist (2sCG) ok ddeperiieyad neusens:thaihes petyorsC @d an
bi t - poi;RtGhg @&%ne(ﬁ%&éé‘sm 6&%%%%# k);@hd ow f or up t 0

264 neur ons: neur ons,

brain P4s- apirete Wﬁﬂ@ftﬁ?e%@l@h@ﬁr'@ﬁ geurpy A g s 'Bl%'at'"g hewron
possi blg: nﬁﬁts&ﬁ:e&d%e poitter foafedntA). of a hundred human
brains using a 48 bit pointer address architecture.
Based on the l[atest conputers that support 64 bit
achiidiersil myintars camyalise bp olpingst fortreurpRve F hecessapala Pipvide
U QribifticSéithe ﬂ’@é&s@érs ﬁ)ttﬁélé‘ésbk? zﬂ&d ﬁé@lﬂﬁ!t BdrieRgngé: 1019

neurons, the e
br ai ns RRiT r%Bo'Tt%égf’ﬁétr(EPQC?f PP lﬁve JT%’AS thgmﬁgﬁ‘gﬁ Casan
net wor kassaziatedcheuran [d precgasor gointe); aadmi ni num of f our

poi Nt ey _ EaiferR91 kY ﬁéx’t GRINATIMNS IR0 () dhe s trRuRA®E BeTits
neuron. As explalneq above, us|rﬁ%ﬂn address si ze of

32 bi t SsHciAted RPN E AR RIGHSEPTRY of neural networks
consisting of up to 232, or 4 billion, neurons. 25 As

rt?e\é/Berl Bdr’ '&H&)ﬁs Qﬁt(agl E)ll%sé}f %Rﬂlewq%cése Bif @\feﬂ&t Qﬁhobyeach

f our pol nters g%
b HRURhRARUERSTIRS AL 187 O@amab@ Gt 2gh g eagpeplss Hgon. o
a@fg%&&u@h at levelattoi rody mbreae‘rmal’aequameej pum to'IB_,/Opq)rc‘aORAyeleraental
n eel\’llttz Q0 LA’( ar}l%?!?essérg UndRiBh Hafhctrorks R8n B LSS hte WRE ABEHohsbf

€ an neural network w th expression
céﬁﬁmmqu%s Fbmever a neuron may have nore than
four p0|nters to provide addi tional functionality.

gxg%llrh stolr z)(r%m?ml se e%e%%‘ E\{rlagltsqﬁg' 591? n&:e%gar; ﬁ%e@wﬁﬁ Rosk BRisting

Initra
ag@g@ngw@@ ﬁa@[yﬁ@ﬁ eBstmg@,{erft@qu%dn B@I qxﬁalglsge%w énd associate
r Qﬂéébrt@ﬂfepby Efin@indhewPdeurors, @0 iNtve hateotwblegent sequences of

t ﬁéxy 6$%£ \%H{g] n é %‘% %\}e{ﬂg eeld{ \%&éﬁls SLF gSIbl t'”b c%ﬂétpu%teé snﬁ@e new

or m ng
agwown de represent; aneevep;quﬂ@qncgof 1,536 events Thus new sequence/event

information can be economically represented in the neural network.

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

associating neuron, and a circled line indicates a connection between the associated

neuron and the associating neuron.

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

combination “TH” represented by the associating neuron 711 in level 1.

and/ or external ), PanaBIIN4/002119



wa0@En14i48i ti at i ng neuron (a successor poi nt er PEDAB2004/002119

10

15

20

30

WO 2004/114145 PCT/|1B2004/002119 18 P3 - a pointer to
a list (LsC of deeper |evel neurons that has neuron C

neuron C); and P4 - a pointer to the next neuron, (LA
that has neuron A as its initiating neuron (a " next
successor pointer for neuron A). 5 Additional pointers
can al so be defined for neuron Cif necessary to
provide information on thelprecessors to the

associ ated neuron. For exanple: P5 - a pointer to a
Ilst (LpC) of deeper |evel neurons that has neuron C

:gure 7@)8&% s HSird %Hzfn%ﬂta‘ ﬁeumne%%(%'gnngiﬂb Eﬂeel%'}[er angnhdle

ter to the next neuron in_a |Tst B? t hat
hé@lfﬁ@lﬂf@nfa@%'sonl 704 rocages e SERRGLT 3 Hexewe Fasaeiate t0gtner

pft@‘ﬁ%&ﬁf corﬁBMdﬂbrﬁfE)" rdpRpfed by dsdociaigr renonImyR in level 1. The
resen CO

guences LA
PR a B eRe O DD 1ok areoBHE ™ hrpihd PG e
andx&mewabsmemane@ﬂmsuﬂwn72h 15 singl e neuron at
IeveI 1? may represent a sequence of up to 210 or
24 el_enental, ev
o R BOE I e 9, e e i e ool i Sty 75 g 70e
of— recbgniseatie ldtiense!C” aRdUS] réspegively.i g arsosigede éweeéheo'ﬁﬁef
d:g}%ﬁaﬂoh &R B h S6nfe8 6F asREMtidgPelidR 7id h¥evbose exi sting
neurons which represent existing event sequences in
the event stream and associate these together by
Ctms&rrw ptteregThend rMeunanen 761 gssdciteaewithaneuren@od ye ereate a

SEQUS gggf’/ ﬁ?lton ﬂﬁ}ﬁ l&ve@ g?e‘é?ﬁ’trn? R mBih&tidRv-ERt Neurons 714 and

respec 0 construct a_sin
AP ThemASEPRALD tq eﬁ?tesaeﬁﬁsoaﬂ'"@mpngé’ad% el FRinup, 8‘%"9 the
e\4Rsfihét word @ATﬂqmgwe qupnNehenen21 arndiv2e camtheo asspaiptelje give a

.?.ﬁ?srb tctf?era {:Sﬁ’r{geﬁﬁl% 231I M e dqfoufo% tﬂ@ﬁ)ﬂ@@é‘ “TIH* CAT™

I gure Figure 7 1s an
|HF@®?$§®ﬁ©ﬁ7@ﬂ a possible neural network derived
fron1proce33|ng text and learning, for the sentence;

t H&' @%ﬁvtﬁé %S\Tp’n%s |h ghmtm Flguég 7ﬁ'éltn%%q 7in ﬂa%oérpée% ‘fr%tl%r “8”

I on ween neur on and
aswd esseripies Wile 0eUHMN 70§ﬁqjg|&e @ rqsglp @@sech@ng 'i‘ﬁil’ir(lf‘a%@én lovel 1 for

C QR R dr icOMbiRAHESAT. NBE0A 3 fsEsadides wiithenuI7on indlen! 1 KE™) to

assSocl a . .
g?ve a reéullt agassomatlng neuron 723 in level 2 for the distinct word “SAT™”.

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

Figures 7(k) and () 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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In Figure 7(a), the first elemental neuron 701 and the
second el enental neuron 702 in |evel zero recognise

formthe letter conbination "TH' represented by the

associ ating neuron 711 in level 1. WD 2004/ 114145

PCT/ 1 B2004/ 002119 19 Figure 7(b) shows the third

el enental neuron 703 recognising the letter "E' and

the fourth el enental neurogy 704 recogni sing the space
These two associate together to formthe

con‘blnatlon t o represented b i .

e vere VA5 RIC R Rfociles MR Q6LB) AR GRIHT B ohe%
| esselt at hearers 824 fart the plwagedTHEIMA "di st i nct word " THE""
represented by the associ ating neuron 721. In Figure

7&9 @g and , the next. two eh nt al . neur ons k the
@pns g4l gnd 73 safafﬁfw/'?}s to give 8ty ifE B°Y e %q 'Pt‘eé'Fs Ko
aeéhtenee “THB‘[);&MSA?IEDM"TI—HT?MAEESUW dea tha dagh @esdgiating:neusen
1% °3 {ibtm&ﬁbur&ﬁgﬁe&t%%ﬁﬁla@é r%§|%QCH@\RIé\féQ naEreh® Ban
7% § evel

etters r and , neagron 7
ab@eanlmp@ssquwrr?ee PEGESAOUNQUPNSr EGF eXarPle flamsm f‘?‘ﬁt}j‘

nepr g dubdeskét hﬁ&ts rbple€fiing emiri (1 1) laed cepridentitd GF”(714).

ur on L an ”
EleperB o A e dyed prhek BT ERIR GREE g EATRISR
di&6) andt MINT1d)." CAT"" (Figure 7(e)). Neurons 721 and
722 can then associ at e to gi ve a result at the

aSSOCI r?i rrlltgll%{egﬂ‘,ség ec} s Elgure ?(n})( l§e;t‘)e ‘r'%rr{&kﬂ%oﬁ h i fGel 0
&é&'drtls,es e leter Yo Weuion 791 geasesiatey \M‘}h neyE} 78 torgive a result at

F RGRSHY 1§Q§r tlliejl%ntbﬁltaﬁtﬁlr“[)ms NeEl%Qz%&%s@&&é&Wnﬂﬁr@ﬁroﬂ?b@to give a
n eur on I u ass % a

fpsplé%tépurfn %q,t%r f gorpta?qsﬂg? Ag\g %o I0 ag tes%ggurZr}% 9
7&5@\%;@&1!@1 esurgn 726 forghe combfriesion PG\NDev é‘PUfSl!“ {33rassycigtgs with

9 h&ﬁﬂ??ﬁﬁe&u#&e Qtreétlﬁtsé? Q’Je@r‘bh 42 RGUh® @orﬁlﬁﬁ’attbﬁl TEW’NA'IQANDT’
I stinc wor d

7
né'&\”ﬁ'i*?s 741080 A9 MY tP%@Bﬁ’ﬁta%etot A f F?‘“ "j°” %&) fofgthe
2 Borhighsaiet toi repeésenithel plassd THEIGATY SAT GINTT lﬁ“éMTeﬁN'é g

conbi nation (and word) " (J\r' represent ed by

associ ating neuron 716 in

a¥sBisirat 48 (isheWn Bt 8h evel0 @8%?\9@8@5 ey Erggents only 1
assRegdhatattey n@aclonnelbh iim leeyell Pepfasents han dassogiafion of 2

V\Petttgrs}eﬁ%%%er? Nﬁtl'é V2o Gadh hdlron BXFElepres@fs 8% addoBiitioM 6y to 4
neur on

Ive a result at associatin neu;gg
i Ipttprsipbaraciersifip JevelbuR: foq Sdaitersspprasigrs; R, /& jFLer a’é‘ﬁ‘a’S in
7 32eli A ub /Sl lefleryalyarasso i latet 51 andgiovigrthain nB(liptee S| Rtuntiteach

neu ! 0%&17141 A'_?_H é{}ﬁa %pré&eﬁtotrte tagk%cﬁ# Cﬁlu(ﬁ%p to 1,024 letters/characters;

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

elemental events.

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

1. the 26 letters of the alphabet upper case;

2. the 26 letters of the alphabet lower case;

3. the 10 numbers;

"T' and "H' and assoeCatirg2004002119
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Figures 7(k) and (1) illustrate neuron 7010
recognising the letter "M and associating wth

for the letter conbination "MA". Neuron 717
associates with neuron 712 ("T"") to give a result at
neuron 725 for WO 2004/ 114145 PCT/ | B2004/ 002119 20
the distinct word "MAT"". Neuron 721 associates with
neuron 725 ("THE"") to givezﬁ result at neuron 733
for the phrase "THE'MAT"". Neurons 741 and 733 can

o nio s Butuff EYHb Rl A PR iRl UPharmpere

cl ear kéyvdpardach associ ati ng neuron has at nost one

| Bt abhNGBe WAl BRfacki® (8§ SP6r ahe GratR LdlsHabet}ahae \neaty, be
neurons can have nultiple successor and precessor

neur on&WMEE  exanpl e el enent al neuron 701 "T" has
successor neurons representing "TH' (711) and

r %ﬂé Fﬁﬁr%%r' A %irudural debfbhs reddirei@Rd Me FAfeP 3f KNEis ' o‘f\stnfbﬁﬁed
precessor neurons representi Q%%e FP{’ 1t8)8'lk SA e
we'(rmr)eqwﬁa can/prop7in ?)’”39?‘&?”8‘%(9%&‘?8 PR " OR 9
I helauﬁrtgr Pb&s.i Using g eample) of whe resopigonn therrembg0df Idocyments
é:glbcg ng? th& gigg nk ﬁ\%ﬁegrmﬁg] 8\%&(@ conEbmed @ @R dvaQn%uage in the

neur Ive a result at g
7 tocumentst wed cthab MBEHHn Possible "Nﬁ‘B?’oﬁ Wd%s%%ﬁeﬁ’t gauses,

V\ﬂsteylﬂer&ey I gaPagrdp¥s, téhagtbhée b8okd 5 aick Sallfdrthawill niewad rihe’ 2Ge fabrthe

onbln 7 0 C
né?ﬁu@P]g Vah'ia ’{eg"oé'f éA!\réUCgJT? eslé&q{l]a % neu Ig I %Ietﬁe glaw of William
c Ghiiespaarecowere Apgorded usjag thenprgsent Qg%gn gﬂtgg rgﬁogwtlorh @U‘T’r(}ﬁe

7%§t }:@ Q)aé/ 'é‘ecardte@%lré wailild B8 &r @taif 4Rmber oftslnectmemlmwumb “§1T.
t (\Ivr&pvt e ge?ogg u;rlz-lxy g?s IHecl%ded7 AL thé‘%er et@&%omea{oﬁal

for |nM|onto
I @pureseretuitekl ovaultr aos de' *trmemp@antww Wehqmvemsd forthe

| BhoBh&HdbsR p?c(c@%snﬂgt ofS&QM\ﬁ)f ttl'téablaysn baly ahe Ext2asdurdk apgukdlto
neuron re

S
GURET B Py o Pk aptog uffeg AT it reriidy would be
| etiteerts Nd agivecthe eslargedtotab @] Npureegiar ARUIr@yiPURiY Pxisting letters,

I GRIRS st Aihudes Qgﬂtéﬂcbé) n@o tthf @ould not be added, but their new
| etters/characters

ciRasoReleTe sougpeasodt Vb Lrd Ry gk P feroftihd 5hE puaeupre
U pedubedBioictiiet aeidsd iohizr saoeavay 10 givd M¥%el 5; and so fort h
in multiples of 2 until each neuron in Ievel 10 could
represent the association.o
| Ehiter P oY oS B0 R RORER e e AL PP
I SRORS®N be tgheat. aThe o iroreasd wopldthe dt, d@4psr3\@ls 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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required for each of: 1. the 26 letters of the

al phabet upper case; 2. the 26 letters of the

al phabet | ower case; 3. the 10 nunbers; WO

2004/ 114145 PCT/ 1 B2004/ 002119 21 4. the 32
punctuation and sim | ar chapacters on the standard
al phanuneric keyboard 5. any ot her speci al

h h I
(r: g{ﬁgté%{s%gr(aﬁo{gof ﬁt?”{?e v &ree e% %%ererqt Prgﬁ%gﬁ&ns trlﬂ?hram uskég to
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exanpl 1B H Xt~ récodhit P8na"d W& number of docunent s
CQﬁﬁ#bﬂﬁﬂnmbhﬁnepasmmfthaamemrnrng event(s) .

concer , w f @ISR A0 gu R @ docunents,

and thgﬁ%ﬁ{#ﬁuhrbgés b anu rNOféﬁgpﬁg phr ases,

cl auses, sentences, paragraphs, chapters books, and
SthsoéérméMolloweUrﬁ?a@Eurmbe rabig€ ©f Pbssibleeconidvetibiis imgleved @ aBy
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ar e re recor using t
proegliminate mmimatl@ﬁ ¢fficianewmay beenianeefon, after t he
flrst pl ay was recorded there woul d be a certain

nber of structural con
pl'faﬂl IeM%[ ONSBVSP ése%?nsrafre n‘nrs cﬁpabga%e%f‘gsﬁw &%oﬁ'% oty E to
t atozk elenmmalyresems;d[mpmmemgmt@amm ew@sse@ygplmypng the pornters

gtlm%feﬁreﬁtw& Rlot IV Shid ARWE b eslativaly spde@y expreteiprndent

cessing of each of the plays. Only the extra
neurons required to process the second play above and

b eyemehtal hesensrreat dd frequentye aftivaied Iyt yfofadgaAning @nd  during
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revrously exi stin ég S&%E? ﬁ thras§§leel1

MRS cans b, PRSSEd i 0%9 ¥ eh§ 9o Ve ey 3
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t ry {p% gé % d;%ﬁ gfé%r? : Qfeq@% aétrbﬁe@%ﬁcf I@arﬂ@li(lgl%gﬁed by e hatesh
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e sane
then the following number of neurons at eg\& evel maq/ be processed

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

representing the entire sequence of elementary events.
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By the tine the final play was entered, the increase
in the nunber of neurons required 25 would not be

the neuron structure where new associ ati ons woul d be
added. The deepest |evel could be a single neuron
having all associations required to represent in their
entirety all the plays. 30 As each neuron in each

| evel can associate with anygsother neuron in any | evel
to give a result at a third neuron, the nunber of
potential pernutations and conbi nations available is
very |arge. WD 2004/ 114145 PCT/|1B2004/ 002119 22 From
a lictbe basitetimeet hedwesp newopa firiag Was f ivdliseceride aldhe fas leug!, a level 10

C QR Joli@ '&ﬁlx ta@%te%Y fr#é@ oH&eQ/e OZP HaNdeB6hdb Bf:‘ ofic@ddcond.

at neur on
i Fhug iEihe amgy éegrquentlr}g tﬂi’edfeéffl Ftﬁrgtufe rlslr%fsr?ateg 88 crc%gr?rnaeltion of
ard%tmc&Crﬁérd@yI biocksMreas, Eiebper" @1, neuions , cougAbe stapd | in gmruver

) %rageln%gmgﬁﬂm é&ﬁéd’n (%ﬁle @&forrﬂ%'oplleﬁmmg @hd 3)2&?&3 #

, an
"MA". This can be followed by a further range of
PO mebdr@‘eﬁmufh’ihiem& stiucluey elem2ntalByeurcnd dipté By their igtating
pz'r%bvlga nt {otg neu&gn tl%) n&péler?e"tv‘/c}ﬁ? s{r&‘turé' f}f{)ﬁ@ aﬁcﬂfs Q‘? UhiRlited

te conbi nat
efmmger@ﬁ gymﬁﬁyl r@grogﬁm%pteq qn tge e y@dher i‘@”ﬁ@ﬁ'f‘@i‘f’ prgdefme
c %ﬂa’iﬁeﬂ@l’ RGhronk.t Ah&néﬁm Rletenital HeRfphe 641Hd dligcatedsepradanamined

C érﬁurgl stcgi%e}rggré%a grgg rrrrf SF ls{rXCtlS‘V el ﬁ %acthgTéﬂte(I %r'éurgrr %ﬁﬁﬁn be
eldgeaipt anldressedr (eat oreASCll topfh| o};argptprgv\% biis)y gp%tqlqyr@nggl neuron

S Qﬁﬁr@ysﬁ E&H ISé-Qibcatd® (0Fb ©58) Bhathe ROSHESS tHEByst BRuctural neuron
fre uen a%%%vated both for learning and during

‘a pure binary inplenentation two
elenental neurons or root | evel neurons can be

_el_\);\ﬁ{h%?\?&é%re%rmcﬁg Sr?éW eﬂérﬁé’ﬂe@y\e@or%' daglbe ahdiéd&it ahytivRly B®fkhere in

T st L e JOR e Saf el
1 iePdleradniipairals, poeassisg ingy betasterasdbiera ischo need to search a list of
| %ﬁ%&%éo%@r%%%hg}’oot hargiet work then the foll ow ng

of neurons at each |evel may be processed:
1,024 level O
Elemental neurons may be represented with their initiating neuron pointer set to zero -

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

presented.

In the preferred mode, new successor neurons to an initiating neuron are simply added
to the front of the list. Therefore, they are attached directly to the initiating neuron. In

this way recent memory iraces are readily expressed.

| e¢EIB20041002119
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512 level 1 25 256 level 2 128 level 3 64 level 4
32 level 5 16 level 6 30 8 level? 4 level 8 2 |evel

el ementary events. WD 2004/ 114145 PCT/ | B2004/ 002119

23 |f the basic tinme between neurons firing was 1

mllisecond, at the root level, a level 10 neuron

woul d only activated or fired once every 1024

mlliseconds or once a secongl. Thus if the array

representing the neural structure is represented as a

conbi nation of 5 distinct nenory bl ocks/areas, deeper

| evel neurons could be stored in slower

sthwagae/ asousr gptiamseare \wivailablg tto imainiain [igig)Oft $HECESEQ SHTPARC d e
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WOr structure, elenental

0 Prou o BIFGFEIBRE POCEURLOTSR Sl Re LParPe now
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Of 5 lt%li{%in;% anlupeﬁc% Bl taﬁ;g?t?ﬁuge(l %%e? dang Mot f&%’n f L ewis&t de@Fons

neur on
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PrHBREbE tHal ﬂ#dsucﬁ eMstamoit cagly/ anivasy nanmeeed ard lavays more

zltaF;cgegelglﬁ ?ﬂ}'ar gsg grée%ns( g'na? gge trﬁér&%%%’ P%neéc)%?@%rﬁ]g?gl&%’ gsrt S.emd less

bilikaly to eRrBicndecrprassidn. neur on addr esses can be
pre-allocated (0 to 255) and the address of the first

it Fanergtreodtes e Brerp 28 e B Hor B E reipffe Hiprc
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el emental neurons, processing may be faster
as there is no need to search a list of 20 successors
atThaedeednt reprebentaddayt ang exevron can be expressed by simply expressing the

neurons represented by the initiating neuron pointer and then the expressing the
neuron represented by the associated neuron pointer. If the initiating pointer is zero, it
is possible to express the elemental value of the elemental neuron. Otherwise, the
process can be repeated for the initiating pointer - express its initiating neuron pointer
and its associated neuron pointer, and so forth. Thus, any neuron can be fully

expressed by expressing its parts in order.

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

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

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

10 representing the entire sequenceCofiB2004/002119
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associ ated neuron pointer set to the value of the
el enental event to be represented by that elenental 25
neuron. A elenental neuron can always be determ ned or
identified easily as its initiating neuron value is
al ways zero. Therefore, whensexpressing neurons it is
easy to determ ne when we have reached an el enent al
neur on the initiating neuron value is zero,
pointiﬂg%%%ﬂﬁﬁe root neuron. Alternative nethods nay
be usedSRUNNING i ne el emental neurons, w thout
i mpact i,agehBugssence of the neural network 30
presented In the preferred node, new successor
neur ondS SbEERIN pnltlatlng neuron are sinply added to
t he frasPLa¥iNghe |ist. Therefore, they are attached
dlrectl¥ ThBghBe initiating neuron. In this way recent
races are readily expressed. WO 2004/114145
PCT/IBZOO4/002119 24 However, various options are
avRinisabe"14-0 hadndBbdtstrinslBndf successor neurons. The
neural structure allows this feature to be used in any
manner the user chooses in order to provide added
f (Boilarly g fossible tp arepie the falleWinRroRss RY BEPeEur e. For
exanpl e;NDERMIE B&@Ci at i ng neurons coul d be added to
t he en £t Ist, or the list could be nmaintained
in nud&ﬁﬁ%ﬂ*ﬁﬁtﬁf& al phabetical order, and so forth.
Li kew g THEEWRKNS which are frequently accessed coul d
be novqﬂTpgw@#m@ the front of the list, or at the
front of th i st, such that nore recently acti vat ed
nenorlegTﬂﬁgﬁﬁawws nore accessible. This al so neans
t hat olaNeTHEBWINGes are at the end of the |ist and
l ess N ThKPHYNEO experience expression. In this
manner the order of the Iist can be used to represent
the relative synaptic strengths or activation |evels
ofThué €UEY ds essointedewitholSsCRYING: bun 1St isaassogiated wity gix different
a‘i:mgt W?ﬂ hiifg b, dRsYEH Shhibridlvd SREESBNhedrdH for IS, it is

th of synaptic connections, if so desired. 15
TH@S %@ﬁVmFﬁﬁﬂeg@ﬁ?@ﬁmﬂﬁmgﬁﬁyﬂ@ﬁFﬁn can be expressed
by sian¢YesnﬂH9«3ng the neurons represented by the
i nitiatipg cfg)omter and then the expressing the
neur on reeresente by t he associ ated neuron pointer.

I f the LUGYH$ BEARYNGoi nter is zero, it
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
possible to do the same for JOHN, PETER and MARY.

Effectively it is possible to generate new expressions based on the structure ** IS and
IS ** That is:
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initiating neuron pointer and its associated neuron
poi nter, and so forth. Thus, any neuron can be fully
expressed by expressing its parts in order. It is
possible to create neural network structures
representing know edge leargg. For 25 exanple, if the
foll owi ng sentences of text are inputs: LUCY'IS'CRYlI NG
AEL?I_D\E' . THEATABLE A. N!é%%i S" PLAYI NG Al NATHEAPARKA.

ER™ | S" READI NG Al IR MARY"I S" SLEEPI NG
AUDBERS THE" TREEA. 30 BOMPNNING" RUNNI NG A I N ATHE A

RﬁgFHYL}S PETER' | S" PLA A" THEASW NG A.

MARY”? I S" TALKI NG " ON! T&%@% it is pOSSi ble to
cHE&Y & neurons t hat the fol | owing phrases or
MPETERES: WO 2004/ 1144 AYQIG | B2004/ 002119 25 IS
CRYI NG I S RUNNI NG | SS%RN@ IS SLEEPING 5 | S
PLAYING |S TALKING In this case "I SA" has six

successor neurons. 10 Simlarly it is possible to
c ﬂ'ﬁ&&f@ret Ras frodsiomrongeqit oASEBesS30NEERE)r phesses/clallBERvET [HEe all

TASLE PER THE TREE e bNCHFiBARrbN St R 15 TN
ON THE THE TABLE
IN THE THE PARK
UNDER THE THE CHAIR
THE TREE
THE RACE
THE SWING
THE PHONE

which provides for the possibility of generating 21 phrases/clauses of this nature ( 3x7)

which are all syntactically correct, but not all semantically correct.

Combining the two sets together gives the structure:

{418 {} () THE {*}.

This provides for the expression of {5} IS {6} * {3} THE {7}, or 5x6x3x7 = 630 possible
expressions, having learnt only seven input sentences. Thus the neural model allows
the learning and building a neural 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 learnt. With millions of
neurons, it is possible to express billions of syntactically correct sentences. That is, the

neural network structure provides an ideal method for creative expression.

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

= s able to learn;
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ON THE _PH(]\IE Thus LUCY is associated with I'S CRYI NG
but IS is associated with six different 20 acti ons.

neurons for IS, it is possible to express up to six
di fferent phrases/clauses: LUCY IS CRYING LUCY IS
RUNNI NG LUCY IS READI NG 25 LUCY IS SLEEPING LUCY IS
PLAYI NG LUCY IS TALKI NG Al t hough only the first
phrase was ever |earnt, or pnput to the neural
ggrv\%rk di}\/AiS 30 possible to do the sanme for JOHN,
an RY. ectively it is possible to generate
néw p;gg‘%srogﬁgpaggged on t%e strucltoure x% |G agd 1S
*h Tsmaesasoclaz@wmmvmamqa@ PCT/ | B2004/ 002119 26 LUCY

1S 1 NG 18nd READI NG
LUCYI'%S%RF@H%E ug%éﬁé&?dﬁ’%{@gml MI@%S PLAYISéI)\?(C‘E:e a:ﬁg TALKI NG

Therigppretatippally effigigilsi hj e to create or express 30
(5x6) phrases/cl auses that are all syntactically

C
£ | Sl A e i s

va_nava qf:vm R vaMing industriesiuyeh pg(er exqrpigy jpordigginigcgnd predi

stock price movements, internet surveillance, security, computer virus detecnon,
phrases in speech and text, clauses in speech and text, plagiarism detection, data

compression, and so forth.

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

with slower processor speeds.

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

neurons. If desired, neurons may also maintain other information such as, for example,
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THE PHONE whi ch provides for the possibility of
generating 21 phrases/clauses of this nature ( 3x7)

semantically correct. 20 Conmbining the two sets

together gives the structure: {*} IS {*} (*) THE {*}.

This provides for the expression of {5} IS {6} * {3}

THE {7}, or 5x6x3x7 = 630 possible 25 expressions,

having | earnt only seven inpgit sentences. Thus the

neura: nodel allows the |learning and building a

neural structure of ne |

C RISy Dol RO g PasE gpe AP et lfnt, o number

exppressss@msurons, breshepVipidL o asgistispesssing anddo e Byeddethe fdep for
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network-structure provides an i1deal nethod for

creative expression. By use of a neural network

/C\ia*_ﬁ@ rnbtglﬁldle?hﬁllv €an bd repRs@raasarn it @nbtaed dasadsereitre thherons
Is able to Learn:. |

2 708 o e el ek oaitio FhEd b Eig  RELf Sk anc

adevarsing thenseuraltdeepectiongn e Qetwork, leams by Freplig cffsociations

g;b@ﬂféterpiée&&ﬁpl :Fbﬁén%lpfféUEﬁMts&&ge%ﬁﬁﬁgéan%aemllecamdi exprebsed,
u I onha efficient. i.S:akl e
90 dxdiyhicon s p&ofiRliqre nd Hemdifond B O akedoBudh: Bin
Astheunsurons tampgrebalied br expressay. \NgHPDPH 6AN TR erBorisghere

as,mdnfiry 8 8iHek 8s theRRirbdRloh Bfla REorPr edi cting stock
price novenments, internet surveillance, security,

computer virus detection, phrases in speech and text,
c liraerfeeing iwith Sp deaotingagTchreaessing @t sxfiedenceral gsiewak seaseTy getran

1Qy SR HESSHRE meMBiksSR inb @ dxPerich 16 RlpFedbntétbybulons and by
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i PRV SPRURENDES PRWeN AT e or hardware. If in hardware,
they may be part of a chip, all of a dedicated

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

connections between neurons.

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

to express itself creatively.

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

described above.



chip, or an array of chips, all being elenental and or

structural neurons. Elenental and 15 structura
waewansi4fay be in part of the chip, or may bePCWIB2004/002119

menory array of dedicated neurons. As all neurons

exi st, upon the first pass of data the first el enental

neuron will learn the first elenent of the data. For

exanpl e, the upper case letter "T" in the exanple

used in Figure 7. The next epenental neuron woul d

| earn the next elenment of the data. Again using the

S?y@tfnﬂlg{tﬁ%rgaigﬁ%ﬁ rdgscIZbécnﬁ tlle%\@%onnﬁﬂﬁe@crlp%ﬁ ;?réfe T6H emBdRinfRE of

ment al ose in
| dhegresestinyentior, itwilbervaderaipod bydpesgskilieh ip Fheﬁ%cha?,’?w\}g?"é'l?"y
”%ﬁ‘atlgﬁse&qﬁdﬁficﬁlohg isGleRil 6f debign, 28R<M0EIRN iop BiEeration hiag be made

dee | eve uire faster processor
s ’g%deﬁ%'fngﬁré’g'tm%%gﬁegﬁ ﬁ){fﬁ'ﬁq' Neurons at deeper

5 levels will be activated less frequently and therefore
could be stored in storage wth slower processor
speeds. 25 Therefore, there is provided a neura
net wor k based on the concepts of neurons including
sensor and notor neurons, and synaptic connecti ons.
Each neuron in the brain can be represented by a
single node in an array or nenory in a sinple manner.
Neurons are fixed-length nodes in an array or nenory.
Each synaptic connection can 30 be represented by
pointers to other neurons within each node. Neura
nodes in the array may consist solely and exclusively
of pointers to other neurons in the data array.
However, notor or sensor neurons contain a sensor
val ue or notor value for interacting with the
external environnment. Each neuron contains connections
to other neurons. If desired, neurons nay al so
mai ntai n other information such as, for exanple, WO
2004/ 114145 PCT/ 1 B2004/ 002119 28 the frequency of
activation during |l earning, the nunber successor
neurons, the nunmber of precessor neurons, and so
forth, to assist processing and to be used in the
rules for creating associations, and for expression.
5 El enental neurons, corresponding to sensory or notor
neurons can be defined for interfacing to and
interacting with external input devices or externa
out put devices The neural network can be represented
and built/constructed based on the neurons and
synapti c associations, with appropriate rules for
creating the neural structure and



10 traversing the neural connections. The network
| earns by creating associations between neurons. For
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expressed, and exploration of nultiple associations
and pernutations of its associations, with other
neurons can be recall ed or expressed. Neurons can
represent menories, where a nenory is defined as the
expression of a neuron. 15 4nterfacing with or

| earni ng or processing an experience of externa

sensqry neuron events and creating nenories of input
eib% lamges is represented by neurons and by new
connecti ons between neurons. 20 Interfacing with or

| earning or representing an activity of external notor

neuron events and creat|ng memories of. O%B%ﬁt actions
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bet weeplurgy roﬂﬁ@ron?h@ametuasbodim ovdink with itséifecranothértnetran in
expr es eoé?r&giar eQbng 98%«: n&céwﬂsﬂgﬁé & a fluttheF Buro”In the

intera ) ess itse ext er nal
environhﬁhWPﬂ§WGmhas the ability to think (a process
defined as exploring alternative neuron associ ations

d bed ab d.to t.
'?'%e S? ;‘IEW% g%% c %arrrlxgcf in 8@%& 2( ggés‘({\% Lg(ﬁ% ge%r‘?% ifl ¥ Blaper

usabl elengdhanipothdhpreuginggd the aBEhId¥P@her program code
or specially built digital processor chips custom sed.

to cause one o rocess X

6§ BEVPORO S IRRED A0 WBEROYE aSrE e fedH and tne
above. aifne? B8ubr 44145 IRETFLIeBR0 i JB2I QP copgstipg of: dite same,
there PasqlpsgR. described in the foregoing description
preferred enbodi ments of the present invention, it

W Il be understood by those skilled in the technology
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neurons being able to express their elemental values, and all structural

neurons being able to express a pair of neurons with which they associate.

5. A neural network as claimed in claim 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 group
consisting of: an elemental stimulus, a defined elemental paitern, a defined
elemental data element, a basic input stimulus, and an output stimuli of

information being processed.

6. A neural network as claimed in claim 4 or claim 5, wherein associations are at
least one selected from the group consisting of: an elemental neuron with an
elemental neuron, an elemental neuron with a structural neuron, a structural

neuron with an elemental neuron, a structural neuron with a structural neuron.



1. A neural network conprising a plurality of neurons
in which any one of the 5 plurality of neurons is
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neuron in the plurality of neurons via active
connections to a further neuron in the plurality of
neurons. 2. A neural network as clained in claim1l,
where the further neuron is in a deeper 10 |evel than
both the neuron and the another neuron. 3. A neural
network as clainmed in claim1 or claim2, wherein the
uron ,and not he I
f re70m i Iéeneéj'Faﬁ) U%wgr 25 clam; ngedqr? gl%)%]}eaorf %laln% fio @V@Ereﬁ@éa@ﬁBﬁﬁe
di f f er @hialityl® npurons ﬂﬁeg'FQin metev\ﬁﬁ*%fe&sff%‘v HenPUR RONSISHId P
1, Wherlrﬁﬁaﬂngi Rirdd, ssadidtiny n&lror) abd &R8ciating @buERS a
plurallty el emental neurons and a plurality of
structural neurons; all elenental and structural '
Neur onA beairaignenlodrie asocldimedh s ocinat7e dvhersin ae | ieiliating gleuron is
neur ong Oel-NY WARLE alBciB¥R &R Jl&‘gd’u(/e BdrRBRIBhHo t¥ePdsdétRating
and all structural 20 neurons being able to express a
pai r of"®¥@lrons with which they associate. 5. A neura
net wor k as clained in claim4, wherein each structura

ép: 22 é\n e n%%v%kc‘ aé nglrrfegqp'cﬁﬁg d Whtglreﬂp'fhb%‘itlé?iﬁg THet¥Bh,Ythe

he structural
neur on aﬁ@@@teﬂl ?ﬁg"qnnﬁnlﬁ they W?'ﬂ@gp“ﬁworbﬁren geNngried baggg on
25 eac rE)rd@itln%méI‘?éiraéterl%ﬁchtr @e propmaiSehatstetibtics e@biy araast one of:
sel ect ed fr

f: | |
sti mul G&"Pog" ggﬂaﬁ Ntk maﬁ:ﬁtﬂﬁé Sid B pogi, €1 €ENt &

pattern, efi ned
el enental data elenent, a basic input stlnulus, and an

Z‘*‘bpm AlsﬁequEF hétw@rfk asicﬁifn‘igdﬂ’ﬁtahyo&'lé)@imspi acesaeeckin Bdrbation
neur a n

A e A O ia B2 & Ty, Sl ety @lat B4R LM & loaming

t he gr eugexpmessiosti ng of : an el enent al neuron with an
el emental neuron, an elenmental neuron with a

structural neuron, a, structural .
o Erron PP PO % ST P s 2 RS b dfin  fvel o
st r uct dieaheuna netvork MG SOP4Y !BMlME‘"PtDWTIeB@DO@W%ZSMQUfe if,

31 7. ’%uﬁ?gl'g)@}esagﬂ Wekst@ﬁs &ré PdqRSl toexprays BB Rlefrlental iufths
1 to 6, wierein each the plurality of neurons is

one or AR EPPESSPRIEt ed fron1the group consisting of:

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
fires, the associating neuron is potentiated; and when the associated neuron is
activated or fires, the associating neuron is further potentiated and thus

activated and is able to fire.

13. A neural network as claimed in claim 12, wherein the associated neuron is

activated or fires at the same time as the initiating neuron.
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initiating neuron, associating neuron, and associ ating
neuron. 5 8. A neural network as clained in claim?7,

associ ated neuron via active connections to the
associating neuron. 9. A neural network as clainmed in
claim8, wherein the initiating neuron, the 10

associ ated neuron and the associ ating neuron are
connected based on proxinmakycharacteristics, the
proxinal characteristics bei ng at Ieast one of:

L e

of cl aiantivatedta fies aftee thsi lnltlatmﬂdten@m mth repgegt %F@sﬁ?%‘”g
by a neyr@R is menory, and processing is at |east one
of: learning and expression. 11. A neural network as
claimed in any one of clainms 4 to 10, wherein a |evel
of15. t hey pewsladetek werdkinal ia ahgemerof|akire$ 1@ o Hidn wheein the

neur al t?\}a%r & 1 f%L% Hﬁhé’ rnﬁ\a erg’ neurof} afld {He%s&ﬁ%%oeﬁe%toﬂﬁs based

nor e steps ar express the el enental
neuron@anxma'Phafﬁc@ﬁF%ents 12. A neural network as
claimed in any one of clains 1 to 6, wherein the one

of. t he I ur, al tiati
t H& andt ﬁ {V*{Oﬁ(e s flur a? g{'aal 1?9@%’%’3&1% L&%\San Patthvaidn or
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associ ating neuron is further potentiated and thus

acti vat ed andls able to fire. r
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32 14. neur al network
wher ei r{rophtge grouR gqngisting orf],éupeaﬁory Egcea% F?n\}%trttaett ofzth? expenence
af t er tdneheiitiittin@beunan anguimecassoaidtedneuspe EMPEEY, ANk Sequence

associ s wg‘t& neur on

18. A neural network as claimed in any one of claims 4 to 17, wherein all

elemental neurons are represented in a root level of the neural network.

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 result

need not be recreated in another neuron.

20. A neural network comprising a plurality of elemental neurons, and a plurality of
structural neurons for representing associations between any pair of neurons,
the pair of neurons being selected from the group consisting of: both elemental
neurons, both structural neurons, one structural and one elemental neuron,

and one elemental neuron and one structural neuron.

associ at ed weC/IBav04/002119
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5 15. A neural network as clained in any one of clains
12 to 14, wherein the activation or firing of the

on proximal characteristics. 16. A neural network as
claimed in claim15, wherein the proximal activation

or 10 firing of the initiating neuron and the
associ at ed neuron causes the creation of new synaptic
connections, or the strengthbening of existing synaptic
connections, between the initiating neuron and the
associ gting, neur on a d S

A nd e diptny TS It S8, WRaRRORE ethdl), (R
cl ai nedemrmsaarye r@nresemtedclnaa napt Jevet of the, nepfeb Mewer Wéd each
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neur onPateHe 28t A |dﬁﬁ']eﬂdﬁs‘?ﬁ?; SSAETh o3t reée'%egpaicﬁ? it bemﬁw for
t he gr eappesegiss tidaggomaf of: a basipdnput stinaudie andaae @nlpummutb 19f
of the. %§§g&hqg&ﬁpngg$$@e initiating neuron and the

associ a ron, a nenory, and a sequence 20 of
events. 18. A neural network as clained in any one of
clogi ms Adnelial Astworkfae I‘cl%iniédalh blaimedoeoredidiral2 1 neherem sachr alemental

Egpr ZS ﬁg‘ﬁj&gﬁlsg ate& ? tlLee%ﬁdél C%Bﬂétlmﬁ oP GWefidor 'ﬂ&irwa#ﬁ a Mstor

any one ['al ms
12 to baﬁomhereln once the associating neuron is
activated to represent a desired result, the desired

I b - A
R

neurons, and a plurality of 30 structural neurons for
repr esanidng rReRC b@'&:lam iRelnpame dnyaipaizo tef23netsrenshe

the pair of ne sel ected fromthe group
consi sPlORgESHEs Eﬁgetaﬁt QF é’ﬂ%ﬁfnéﬂg and SRSRE™ bot h
structural neurons, one structural and one el enental

NGYron., neﬂlpéil rief¥orie la&? RRMcl inEY P8 ANghif @0 Ib rade iniérain the
neuron. WD 2004/ 114145 PCT/ | B 004/0%2119 &c%%??#§nema

neur al PRETNG REURN 25S2PAHIBS 7T TR STeAIC9 5T @ R

pl ur al idvglsof el enental neurons are represented in a
root |evel of the neural network, and each el enental
neuron represents at |east onpe

| ement al .
st2Pnul dsneurpl pRIVPHEY claﬁré&dtlg lclﬁmhﬂg V\g\e tlgﬁ gam[dj'ea[to(;gl levels in the
el ementpluratiadt dedpenendials dsterminddisy the pxignt fobthe memory or pattern

to be processed or expressed, where a memory represents a plurality of

elemental neurons.

27. A neural network as claimed in claim 26, wherein the number of elemental
neurons and structural neurons required to represent the memory is

determined by a nature of the memory to be processed.

28. A neural network as claimed in any one of claims 20 o 27, wherein any one of
the plurality of structural neurons is able to associate with another structural
neuron in the plurality of neurons via active connections to a further structural

neuron in the plurality of structural neurons.
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and an output stinmuli of information being processed.
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21, wherein each elenmental neuron is selected from
the group consisting of: a sensor neuron and a notor
10 neuron. 23. A neural network as clainmed in claim
21, wherein the information is nenory. 24. A neura
network as clainmed in any ope of clainms 20 to 23,
mherein the 15 processing is at |east one of:

gr ni gq'leHrag?]&wgrk & é%@l%fi xr?g?am?g r\ﬁr\érré"{he rﬂﬁ'ﬁnwﬂ&ctaﬁl neuron is

one 0 4, wherein

pI ur al iirt g deépen Mﬁ'dhafaé@ibé"iea%tiuéﬁ?' Q?‘éorf st @5&5‘9@8" ?tﬁméfral
pl ural i)tyo@f deeper neural levels. 20 26. A neural
network as clainmed in claim25, wherein the nunber of
levels in the plurality of deeper levels is

desber niaAvedrabyettvbr corprsing @ plutalit ofrpersenp likeddy asspgiatiops, all

be pr°%§n§r§|‘?sfdne9@aﬁfé%€§é&>¢essé’&mfe a menory represents a
(0]

pl ural i I ement al "neurons. 25 27. A neural
network as clained in claim26, wherein the nunber of
el28 e Nt{raheurd) Gletwans asiodinsdr in claim 0, whereipribe iRkl efdngugpens

repr esen h r j nAtiicRuranetibas;
d% & Bﬂga'g&so\é efgﬁe%tgleﬁegfoﬂ}. B&fla *Bkﬁra'ﬂty rlfne

nciyu
menor y {¥o) net wor k as
cl ai ne@! iefemenial a%or&fb%}ga%%t%ﬁpfeas 'r St g?rY AeRy A I
of t heyuaiaddutoyis ®king tableCtd Lexpressne prio 0% NeLgoREhith WUCh they
associate wth another structural neuron in the
pl ur al iaﬁpc' "neurons via active connections to a
further structural neuron in the plurality of
StghUCt U geurdl WefNofk cWbbrdiigd pilikdiAbf MErbhB26:04/ 09edn Peing

34 29. A neur net.wo aim 28, where-
t he fur"?ﬂﬁ"éﬁﬁntgﬂ%ﬁfwuﬁ adr?%%?ao%l}]eq{logg ﬁile{nrélz!\’%dc/{eIeper | evel

than both the structural neuron and the anot her
StsraUCt W ﬁéuralr}%blﬁdaﬂ as latfled i dMaNraD, whetsioedehowpe ipliality of
a plur anlehrtOXS are hrﬂ< 39 gsssom%tpolf'lg dall p\XurQﬁss&ﬂgaaUqu Be e@réssed

34. A neural network as claimed in claim 33, wherein the plurality of neurons
includes 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.

35. A neural network as claimed in any one of claims 32 to 34, where each neuron

is represented in its entirety by the single node in the array.

36. . A neural network comprising a plurality of nodes in an array, each node
comprising at least one pointer, each pointer being a data element of the node;
each data element representing a unique address of a specific node in the

array, each address representing a neuron of a plurality of neurons.



neurons being able to be expressed. 31. A neura
network as clained in claim30, wherein the plurality
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and a plurality of structural neurons; 10 al

el emental neurons being able to express their

el emental values, and all structural neurons being
able to express a pair of neurons with which they
associ ate. 32. A neural netwerk conprising plurality

of neurons, each neuron being 15 represented by a
uniLque ,addressabl e nqg in -ard.a 3. ‘ ;
el or 1 B8R TPl A M b Ynerit oo 1F Wiy o
pl ur al ineyromsfis linked bpassogiations.iaf Reworisypeing SbJe g FRESse) |
neurons being able to be expressed. 20 34. A neural

network as clained in.cla m33,.wherein the pl &

o Remouromara peup s oo Uia 2 S S eifreh HE Bl or
and a pburoad intlydesfa traliy blelerhentat newors; andzg plurglitg e pitugiural
gﬁg r grﬁmeﬁgésp gl(l: t@@h%?tEPne%‘ﬁE Being LhEkd efhQIRRLiIRdIedhdl 98lues,

ural neurons beln% abl'e to ex [ @SS, ich
pai r ofnthalisipisirahineyoRsheing bRt eXpressa Palt o neyinsuith whic
neur al iRgtawekisteas cl aimed in any one of clains 32 to
34, where each neuron is represented inits entirety
by the single node in the array. 36. A neural netmorﬁ
cS8pri 4 neyrahneivark as elpigned in any QB oficlimsE4p peWherain each gHbe
30 conpluflity i ndtrorls@@presdtedlyian ta8dressable hogedh ab erraypei ng
a data el enment of the node; each data el ement
representing a uni que address of a specific node in
t 6. arvreyral eeiwdrk gefohrising apbiRIyAE QU imaaI (Y olfie grayaving
pl ur al ighiteR for RéVidiitexpidEig)04/ 114145 PCT/ | B2004/ 002119
35 37. A neural network as clainmed in claim 36,
wherein each of the plurality of neurons is |inked b
asidoci atneorab petwbrk an clainadgn pleimé. abpreintagcih BeuXpis deyesgnted

38. A ReUhdhe iNGh WRAK eddh rloli@hdRg d plur@inedf Bbidrsor ¢l ai m
37, wherein the plurality of 5 neurons includes a

plurality of elenental neurons and a plurality of
staeuct ur mdural netwprres; claihed sl caine i avhenin eeahisPoiier gy eaghy rode

t o exprgssind BEicastCdRMEBN bt lexdidtivdCsidresa ol addtherSiguttdt diddlan

neur ons belng able to express a pair of neurons with
whi ch elementalvalue for an elemental neuron.

43. A neural network as claimed in claim 41 or claim 42, wherein each pointer has

a specific and unique function and represents a synaptic connection.

44, A neural network as claimed in claim 42 or claim 43 when appended to claim
42, wherein the plurality of neurons includes 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.

45, A neural network as claimed in claim 44, wherein except where the pointer
represents the value of an elemental stimulus in the elemental neurons, and

each pointer contains an address of another neuron.
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they associate. 10 39. A neural network as clainmed in
any one of clains 36 to 38, wherein each of the

node in an array. 40. A neural network conprising a
plurality of neurons in an array, the array having

poi nters for providing expression. 15 41. A neura
network as clainmed in claim40, wherein each neuron is
represented by a node in apggarray, each node having a
plurality of pointers. 42. A neural network as clai ned
in claim4l, wherein each pointer in each node 20
contains at | east one of: an exclusive address of
amet heA meal oriwodnas glpimed| iprasntoap of &laifes fbio 4p, wherein the
el erremﬁ@rlnbé?%f'rpgfﬂtersdfaepeﬁdﬁﬁh”aaiunéli@ﬁ Weinly mREor@ledi iyethei reural
claim4l or claim42, wherein each pointer has a
speC|fP@WQﬁd uni que function and represents a synaptic
connecti on. 25 44. A neural network as claimed in

Clygi m %Znﬁ(%)}al Fﬂ 43 cl@ﬂ%ﬂ iRRRE e bt LcRintd A W 482wherein the

wherein t neurons includes a plurallty
of el enwnleo ?P@E?’%f?éea‘;&r'i‘&”@" [51341eafti¥s of structural

neurons; all elenental neurons being able to express
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express palrr o neur ons WI th ch
t hey as{swh avigter W3 nquﬁ\esa F%wctweff%ﬁhﬁ gERUP CPRRISHRY OF W""a“"g'

claim ﬁésocvﬂﬂh@r ﬁches%éSrCﬁ@& sObBEs6r df e iititing @eurom, @prcessen tagd
the value o ﬁedﬁ# us in the el enental

neur oné‘e’dﬁﬁ’&essg E}PepaS?oc{amgscont ai ns an address of
anot her neuron. WD 2004/114145 PCT/1B2004/ 002119 36

4G9 A IA%I%‘ nddRENAE Kiaifed G aHyrone of aimB Yl 1o A8 vitleredl @l maprons
41 to 45 erqln the nunber of pointers depends on a

functléﬁ”ﬁéﬂ 9% ormed by the neural network. 5 47.
A neural network as clained in any one of clains 41 to

4%0 wher ﬁéupontah BsseYiysy ugf inPRindtrar ethérk, Baateuid@alr assembly

| east
compnsmg an initiating neuron, an associated neuron, and a associating

neuron operatively connected to the initiating neuron and the associated

neuron.

51. A neural assembly as claimed in claim 50, wherein when the initiating neuron
is activated or fires, the associating neuron is potentiated; and when the
associated neuron is activated or fires, the associating neuron is potentiated

and activated and able to fire.

52. A neural assembly as claimed in claim 51, wherein the associated neuron fires

at the same time as the initiating neuron.

53. A neural assembly as claimed in claim 51, wherein the associated neuron fires

after the initiating neuron.
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48. A neural network as clained in any one of clains
41 to 47, wherein a function 10 of each pointer to a

initiating, associating, successor, next successor of
the initiating neuron, precessor, and next precessor
of the associating neuron 49. A neural network as
claimed in any one of clains 1 to 48, wherein al
neurons 15 are of a fixed kength. 50. A neurona
assenbly for use in a neural network, the neurona
assenbl y [ I,

aSioci & i Ry Sl o} bitokhg o @80, wherei the
oper at iavtehjonao firvecef e@ inidating epran PP%\%P r@@sc’i‘i@tﬁddﬁuﬁﬂ dF based
aSSOCi3“?%wnaﬂjaghkﬁﬁm351 A neural assenbly as

cl ai ne n claim>50, wherein when the initiating

neuron is activated or fires, the associating neuron

| $5pot enicu aﬂ;emaly as \whaipredt i elaina 54 odiersineitie pwinsh agtiyation or
activate %; grtheé@{lﬁiﬁ% nbfI6n AREAE LALLREd H&H&rp&ubés the creatlon of

potentia activated and ahle to ; t

neur al NaYs&WBPYE F8nnertianie i Hec ISE‘F']W fing V\PlereéFW'gt ﬁénap ¢
assoCi abdctivas!rsdwden rBs initating hewreaam the sseating @euron and
initia on as cl ai med

in cIa&WM%TT& ﬁmmmggpﬁgmaégﬁﬁ%%%gﬁﬁﬁgEgghyf|res

after the initiating neuron. WO 2004/ 114145

PG/ | B%O%ﬁéﬂ%s‘leh%xy &7 c\ithed An BRYIOMA oRdsimETHOY0 285, ihereimetie

IOP ? i T Iaﬁ?clsyngt ?]eéqunnlie{)reg?ntts ’(h%SSUrAMB'F\RIﬁAt %ﬁwt R ik %dleﬁiﬂg

I'Ng neur on an e associ at ed
neur on negohasdbe asspcigedrewidl characteristics. 5 55. A
neural assenbly as clainmed in claimb54, wherein the
prOX|naI activati rin
né&dr on oY ﬁ%seg'gg' éﬁ"@%‘l eua?rg%fscéﬂeggé ﬂi%é‘m Ing'gdes o
of nevnose/smuaddroctihﬂ grotp oensisting of; hwermery ReR: I"i’éi‘?m‘?@a"dﬂ“ of
exi sti pg, é%&?e%é & th€ PRBATG Aedh, anl GleRestididtEndurin, b atdnioty,
neuron and the as§00|at|ng neuron and between the
aSSOC|éT%asﬁ@8? 8RSt he associ ating neuron. 10 56. A
neural assenbly as clainmed in any one of clainms 50 to

5538. mq{r%iul%l H%@mbly as claimed in any one of claims 50 to 57, wherein once the
associating neuron is activated to represent a desired result, the desired result

need not be recreated in another neuron.

59. A method for creating an association of neurons in a neural network, the
neural network having a plurality of neurons, one of the plurality of neurons
being an initiating neuron, another of the plurality of neurons being an
associated neuron, and a further neuron of the plurality of neurons being a

associating neuron; the method comprising:

@ activating or firing the initiating neuron to potentiate the associating
neuron; and
b activating or firing the associated neuron to potentiate and activate the

associating neuron, the associating neuron is activated and able to

fire.
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associ ating neuron represents the sumof what is
learnt fromthe initiating neuron and the associ ated

56, wherein the sumincludes one or nore selected
fromthe group consisting of: a nenory trace, a
conbi nation of the experience of the initiating
neuron and the associ ated neuron, a nenory, and a
sequence of events. 20 58. 3 neural assenbly as
claimed in any one of claims 50 to 57, wherein once

gg@ - eg @g’gt Lng nr?e%% Qfind So, Whkle hffth@%go@lafeemé@rﬁ@%tacﬁvated

e 'desired res need not be
r ecr eabrdiesianthasanetime peiie SiiatingDeURN et hod- f or
creating an association of neurons in a neura

network, the 25 neural . n rk.h I Whed
nBlir on& medied a5 Claimrd 1o I"{?F'hﬁ’werefn tﬁé g ?%ﬁ@teg 6‘5{”‘2{‘;* aérsztI ©
I ni ti abifing aftenthoinitiatingaetven. of the plurality of neurons

bei ng an associated neuron, and a further neuron of
the plurality of neurons beln ti.n

LR meAsion S gleIsa B anY o LSRN R op Ry e pYeloh or
i ni ti akifnggof B! INiAtidgd n@.obre And Hteeadtlmmasosédmapi Wg asggpiated

neuron; and Brafleridics | Ng the associ at ed
neuronh?mons§ ?gﬁbb%g%h activate the associ ati ng

neur on, the associ ating neuron is activated and abl e
tgy fi re\anet%@ a%QMﬁédlnﬁHdin BETWheBA0 B/ 1901AIGc@8or60. firing of

d ' w
neur ontpaniafh et ind R, bane WTEG] SusFnERaea Ped

or fires at e sane tine asewre
i ni ti asynapticresnnestionse er tha siraRgRing<of EXistingeRynRRIC GORTSHIONS:
59, whggRbdh ihbanifiihg Geabe @nd eer assodiating atsuwataad befveen the

fires after, the |n|t|at|n 62. A nethod as
cl ai mﬁsﬁoﬂat8$199”6?? angnes &'J%RQB&{F%FI 61, wherein the
activation or firing of the initiating neuron and the

aghi vapi rQQh&irasfdlaﬁm&nginytohé oRESiME 58tte 83, wiexrintheiassociating

based on proxi mal séfge %g\rﬁéi etﬁat‘?st Iﬁgrﬁt frozl'rpthg |t|dﬁn{'ﬁélp<9parﬁsthe

cl ai me8eYre EPEPFHY proxi ma vati on
or fi r iasgcieted neuron.

65. A method as claimed in claim 64, 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.

66. A method as claimed in any one of claims 59 to 65, wherein once the
associating neuron is activated to represent a desired result, the desired result

need not be recreated in another neuron.

67. A method of operating a neural network having a plurality of neurons including
a plurality of elemental neurons and a plurality of structural neurons, the

method comprising:
(@ defining events the elemental neurons and structural neurons will

represent;

assenbly as cl ai ned i RCTHBIONZ/002119
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the creation of new synaptic connections, or the
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between the initiating neuron and the associ ating
neuron and between the 15 associ ated neuron and the
associ ating neuron. 64. A nethod as clained in any one
of clains 59 to 63, wherein the-associating neuron
represents the sum of what 395 | earnt fromthe
initiating neuron and the associ ated neuron. 20 65. A
met hod as clained in.clai [ er
i ncl ud on%re%tlngr?or?%u're ’ﬁrﬂc’;"%&e‘ 8;&;9 n%u%&ffgﬁt)h@total numb
consi sting offunigae v@wﬂsﬁwbq epieaentes f@'cﬁ*i‘@? P¥B ] he .
experi ghce phainf@ kit hilddlibri@sdtRusds teslurbiigofassoos.at ed
neuron, "a menory, and a sequence of events. 25 66. A
nmet hod as clained in any one of clainms 59 to 65,

Wegr ei A neutd at bleimed Srsdama? j wgermammeuoétha@turamt% geureps is
represent & agsbl?étre%qthrﬁ%fﬁg nedr8}indBs 'pl’u%iigl; SSiéufons WREsktive

not be recrea anot her neuron. A net hod of
oper at ForgeationsigRArtheRReNEnn S PIUFRIY 2! BRI ity of
neurons including a plurality of elenmental neurons
| ural it t e ndubh is 1FEd Bfler tevel

g‘prlg eéhOd(aS)élagnefd% Elﬁg‘ éeé\r/‘gherg%{éﬁe e”(]emsntl?al n&(}ué?ons
and st tr@uquzmememn@%tha@m’fhefﬂ@ﬁ%sent WO 2004/ 114145
PCT/ | B2004/ 002119 39 (b) cr eating a required nunber
of el enental rons.far. iR nedPinHAA th
vgp'uesAt'BetE%d % ?'g?gr\ 8"'} or a?llg % et s and
(c) cr eadthergeworsare inghe samedgvel.or assoc:| ation of the
plurality of neurons. 5 68. A nethod as clained in
cl.aim 67, wherein a r f I SHaSth
i 41- abﬁe”‘?tﬂc’%%ss‘é'ﬁ'f"g é" \ﬁ/la%génof l%npb%evﬂlret%hh% ne'&?‘dﬁ °
pl ur al iahgthahemeuarens differgntdeMelsve  connecti ons to a
further neuron in the plurality of neurons.. 69. A

nrmétap gﬁ Alaéetgépalasfrglglgi& rlrcl: :agyl(/ r8r|]'1e6§f’ cl\aWns 6% tahﬁ RH&EM% elemental

neurons are able to express their elemental values, and all structural neurons

are able to express a pair of neurons with which they associate.

73. A method as claimed in claim 72, wherein associations are one or more
selected from the group consisting of: an elemental neuron with an elemental
neuron, an elemental neuron with a structural neuron, a structural neuron with

an elemental neuron, a structural neuron with a structural neuron.

74. A method as claimed in any one of claims 67 to 73, wherein each of the
plurality of neurons is one or more selected from the group consisting of:

initiating neuron, associating neuron, and associating neuron.

75. A method as claimed in claim 74, wherein an initiating neuron is associated

with an associated neuron via active connections to the associating neuron.
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met hod as clained in claim®68 or claim®69, wherein the
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15 71. A nethod as clainmed in claim®68 or claim®69,
wherei n the neuron and the another neuron are on
different levels. 72. A nethod as clained in any one
of clains 67 to 71, wherein all elenmental neurons are
able to express their el enegtal values, and al
structural neurons 20 are able to express a pair of

neurons with whjich they soci at e,

cV&i meft "i'eftf‘oélaﬁicﬁimf’f in %g\'a%r ﬁ%{g'g g}?’l "gﬁ tmﬁngﬂj\{)me (P%n%é%mated

more  sek@cted the cassidating rmeuencaRs beNRoRy GRSeda QN proximal

el erren%'%ac{ge&[cgn wth an el enental neuron, an

el enental neuron with a structural neuron, a

structural neuron with 25 an elenental neuron, a

Stﬁ uct Jﬂlrrﬁithda%iércw‘mw i [tlaim 96,rwietain te proximad pharFoferisjics are at
thod a f [ ' ition.

wher ei If2 %é’&ﬁo {emf) ?{ap %wl ﬂ{éﬁsn‘} m%dnﬁ%dgﬁgﬁgel%ﬁge g%gloor

nmore selected fromthe group consisting of:

| Byt ap rﬂ&hJaeAH aélme@fﬁﬁw el 1 GlalRUEDD, 77aMtie@Bisa tivelt o rigp
neur on.

a3 i Aftre i, 4
wher ei He%‘iﬂ ”ie}‘ﬁ°f'ﬁ Elal ‘fﬁapﬁﬁé S h%sﬂggg‘g%ln% ecfp} et & guring
associ adcalbcivpumone siepaagdeduiyed @@?W@%Gtth%ﬂgm?r&a'ﬂ“ﬁ%'°"s
associ ating neuron. WD 2004/114145 PCT/ 1 B2004/ 002119

40 76. A net hod ained jn.cl he

i A9 i af"lr'?f‘éh"i‘?élﬁlc'é‘l‘f’edt"h@yé’gg{ﬁ:‘f' Ts?mgéaP %%&'Pg&gﬁrﬁw

associ @i Ngactiatingrorafiieg don indiatiea) neueE BoleRiafRECRE AgFOCIANG
characteri SBéLﬁ&h amd /7 A met hod as clainmed in claim

76, wherein t pr oxi char. eristi Le &t

one of (Ot enﬁgwg’qng ogBrglglt}ée asspeﬁ % aguqn pogentlé’f}eﬁ rgl actlva?fgstﬁe
rel ative poassotiating n‘éBrpnAhqzresdogelhrE@ecﬂanh?E@Cﬁ“’iﬁteﬁr"f‘y‘d ghig to
of clainms 69 .to 77, wherein a level of the neural
network is a deeper | evel within the neural network
structure if, during 10 recollection, nore steps are
reguir %dnétﬁommsd infutnire [7@ melmereih thecassasinted regron/s activated

met hod offires Lt%erg%q\e tl%ﬁ%g}’heqmﬁatﬂ% n&lréd.ms 74 to 77,

furthe® con‘p activating or flrlngthe
initiati ng neur on pot enti ates the associ ati ng )
81. A method as claimed in claim 79, wherein the associated neuron is activated

or fires after the initiating neuron.

82. A method as claimed in any one of claims 79 to 81, wherein the activation or
firing of the initiating neuron and the activation or firing of the associated

neuron is based on proximal characteristics.

83. A method as claimed in claim 82, 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.
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neuron; and 15 (b) activating or firing the associ ated
neuron potentiates and activates the associating

to fire. 80. A nethod as clained in claim?79, wherein
t he associated neuron is activated 20 or fires at the
sane tinme as the initiating neuron. 81. A nethod as
clainmed in claim79, wherein the associ ated neuron is
activated or fires after the initiating neuron. 25
82. A nethod as clained in any one of clainms 79 to 81,

\rll\ggr; gin Rdh%ﬁqdﬁ%t cé%%%x#/ g{]ang one 01l éuﬂg 79 ?51 %ﬁie&'n{ ih@talsélﬂlatmg

n or e assocli at ed
neur on nelsorbasedertmhplsm|0ﬁuﬁlat<'ﬂiaﬁlfaf<:ft°@‘r1ih§ﬂﬂ"‘@§”9 egrongnd the
met hod ja8,cigleghdRsh.i n cl ai m 82, wherein the proxinal
activation or firing of 30 the initiating neuron and

t he associ ated neuron causes the creation of new
sgpapt iACmensnes tiabirg, in alairt 188, whereinghedewm riepludes €R¢ OF MOEP

synapt i g ¢¢ dwé:ﬁ? Hegd;&ﬁ conggtWS%f’ d rh@mbr? 'trtab@td doghbMEHitnCd? the

and t h&*'88%0CI ron and betwee n% associ ated
neur on ezsmedertcn@f g dniiating F‘H’é"”r%‘ﬂﬁ'benassmt AT 1 4 IpE'O @0
PCT/ | B%Q,Qétfeﬂ&%é\‘ﬂentél 84. A nethod as clained in any
one of clains 79 to 83, wherein the associating

neuron represents the sumof what is |learnt from f
i 851 i ati methorkan daimadin anyeone pf slBiTSA%Y SRR the @5’5"")5\0
met hod sRseRtbPAiRMs iafe r%br%héﬁte%l% awb@ n@iehoftthe nauahnetwork, and

IC gﬁls :Jg?gﬁg grpgnrt%{ nq%@rﬁg rrespf)ﬁacs t%da &é’rﬂér;{gii %‘lllg[ﬂgéj Br ]pattern each
exper i elegentsf stifmolys ibaing ifcmmnrﬁj;eﬁ@g 058 ok ﬁd’a§'ﬁ @pgts§|5H| apan

neur on o3 BRI 3t infeRetionbem@PreBssed.of events. 10 86. A
nmet hod as clained in any one of clains 69 to 85,

wherein the plurality of elenental neurons are
r @pr es enrhetobd as climesioh clhign/&8, whdrein fe infernelion iIf EENBRK, and
each el enmental neuron responds to an el enent al

t | tt | ;
7T o webel eh e B oo BT B 1 it ife PRefng o

out put egpressioni  of i nformati on being processed.

89. A method as claimed in any one of claims 86 to 88, wherein the plurality of

structural neurons are represented in a plurality of deeper neural levels.

90. A method as claimed in claim 89, 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 a memory represents a plurality of elemental

stimuli, and each elemental stimulus is represented directly by an elemental

neuron.

91. A method as claimed in claim 90, wherein the number of elemental neurons
required to represent the memory is determined by a nature of the memory to

be processed.



15 87. A nethod as clainmed in claim86, wherein the
information is nenory. 88. A nethod as clained in
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expression. 20 89. A nethod as clained in any one of
clains 86 to 88, wherein the plurality of structural
neurons are represented in a plurality of deeper

neural |evels. 90. A nmethod as clained in claim 89,
wherein the nunber of levelgin the plurality 25 of
deeper levels is determ ned by the extent of the
menory or pattern to. be [ :

2 oo e ESefire® i gy gPaBr RS of eEe 6L, RlE %
and eacdpreseaingintitalentisety hyid single.dixedlgnath Bfledtatiaiadct | y by
an elenmental neuron. 30 91. A nethod as clained in
claim 90, wherein the nunber of ele tal neurons

r 88ui r &dMEHOG &5 Flalssin ARk °H%Hgﬂ7'"?ss&g{é]’t %’rrw SE B of the
nat ur e pRfalityhef reaivos ys thoan beayp o esaye taving(paoeH /far reviging
PCT/ 1 B20Q4/ 002119 42 92. A nethod as clained in any
one of clains 67 to 91, wherein each neuron is
represented in its entirety by a single, fixed-length
nede i A ABhéy &daim@a in dainedd)adle@ exlchinawdn isrrepmsentadedy a
of clai 67 1o 91, [ h . ; I l4 i
of neurBiis 1 B el A RSPty BepoimeR Bch it in
for pr eethdiodg contgipneansaxelsigyaddressat gngRe e ai ned in

cl ai m 93, wherein each neuron is represented by a

node in the arr ach node havi iyt
Pt ernotiorEis dRheR ARy (147 5ARE 1% 8 Brkie| i néufBhe are o

excl usiavigedldepttiess of anot her neuron. 95. A nethod as
claimed in any one of clainms 67 to 94, wherein all

neurons- are of fixed | ength, 15 ) )
uSBpl e AROHPHIH Y HP%‘%"P?@C%{"P?'S‘% Gt%er %gtre ro@fr)grgmm%gg% bonfigured
conf i guo exlise e TABEPIOCRSSTE IneeEUtp PR U IBYE SINEling jaRaeEn
One Or yiNhEnddtihidRSiaind 6785 91 M the method cl ai med

in clains 67 to 95.

97. A neural network as claimed in any one of claims 1 to 49, wherein the neural

network is bi-directional.

98. A neural network wherein the neural network is bi-directional and is enabled to
operate in a forward direction where output is derived from events, and in a

reverse direction where events are derived from output.

99. A neural network as claimed in claim 98, wherein the forward direction is

learning, and the reverse direction is expression.

100. A neural network as claimed in any one of claims 1 to 49, 97 to 99, wherein the

neural network stores associations and not data.

101. A neural network as claimed in claim 100, wherein the neural network

recognises patterns within patterns of associations.



97. A neural network as clainmed in any one of clains 1
to 49, wherein the neural 20 network is

woiedimeasi onal . 98. A neural network wherei n POEIB2004/002119

neural network is bi-directional and is enabled to
operate in a forward direction where output is derived
fromevents, and in a reverse direction where events
are derived fromoutput. 25 99. A neural network as
claimed in claim98, whereisg the forward direction is

| earning, and the reverse direction i s expression.

100. A neural network.as, cl ai. i ; i
10, 28 megsl pegngs 2o gripe fi GETIOn 5P B BT Rurlerfind! e
st or esnasaBd$ asddofos oandr mere ghtmenitaring . ang prdligting stock price

ne: wor bo@éne%{s?infg?r%t sk 1defhet s¥agrtgicBmbiter vires iatection,
net wWor

recogni ses patterns within patferns

associ BAMRYIFE .SPW‘?%ﬂ?’fﬂ?fﬂ%'"I§W+ ggggesz 6%5ief 8’t sppgen and
5 102. Aweheprghrishedetaetion, Bisintimaativedision redognition] s@nastic anadysis

101, wherein_ .t ne | fRésighne or

mor e of‘%preﬁ%nﬁ?tiog(rafl %g*%rﬁdéo%%é%‘iﬁgt{#’ndgg g?%?ﬁim%r i ce

novenents, Internet surveillance, Internet security,

conmputer virus detection, conputer spam detection,

phrases in speech and text, clauses in speech and 5

text, plagiarismdetection, bioinformatics, vision

recognition, semantic analysis, representation of

data ontol ogi es, robotics, and data conpression.



