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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 | earning, know edge acquisition, discovery,
data mining and expression. 10 Background to the

I nvention Existing neural networks are typically based
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nearly all existing neural networks are based on the
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Thus neaﬂy 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 outpui neuron to

represent that input state, and adjusting the synapiic sirengths 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 resuit in

different output neurons being activated with different ievels 'of: confidence. Thus .
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match the current input state. Such neural networ
typically require extensive, repetitive training with
hundreds or 5 thousands of different input states,
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Existing neural networks may have some or all of the following shoricomings:

1. they require prior training, based on predetermined or desired output goals —
they do not learn;
2. they can only recognise input states (objects) similar to the input states for
which they have been trained;
3. they are highly computational, and therefore siow;
4. they are computationally restricted to represent only a relatively small number

of neurons;
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need retraining if they are to recogni se different

obj ect by applying a stinmulus to the output neurons;
8. they are based on concurrent stimuli of all input
neurons; 5 9. they are not creative and they cannot
express or recollect events; they can only

i dentify/recogni se events fot which t hey have been

trai ned; 10. they assune neurons that fire
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neur on$ONCHFeNtY plurallty of structural neur ons for
representing associations between any pair of

‘neur.ons, the pair of neurons being selected fromthe

25 group consisting of: both el emental neurons, both
sSupmany ef thelmyemdios. one structural and one el enent al
neuron and one el enental neuron and one structura

Each _structural. neuron repr
AR P RS PO e R oL ar Bieh  afers, gy @
hlum!u obnaurons lirewhichoary ose of the eluelityiof geurdns ipalle tagfssociate or
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nERRPEFTORHY & 8@&’ O%L'"i"h'ﬁ e By 8 %V’T’w?\;o RIPE5HS Is relerred to

as leaming.

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

Each structural neuron may represeni 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 siructural neuron is referred to as expression. Each structural

‘neuron may receive input from only two neurons.

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

of an WD 2004/ 114145 4 PCT/|1B2004/ 002119 el enent al
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 stinmuli of information being processed. Each
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A sixth aspect is a neural network comprising a plurality of nodes in an array, each
node in the amay 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 conneciion.

A seventh aspect there is provided a neural network comprising a plurality of neurons
in an array, there being pointers in each node of the array for providing expression and

for leaming of memories.
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30 A seventh aspect there is provided a neural network
conprising a plurality of neurons 1in an array, there

VeRWdg/ipdnters in each node of the array for peeuBsiofygzi1o

expression and for |earning of nenories. WO
20041114145 5 PCT/1B2004/ 002119 A penul ti mate aspect

- provides a neural network conprising a plurality of

neurons, each neuron being represented 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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réﬁi”%’ PYHES ﬁ%’egf"’ it Bt neur ons, each node
containing a fixed nunber of pointers. Nodes in an

ar . .
it i ﬂib?lgﬁ‘ éggrt: E{&P%@ﬁgfg pIGHEMY S RurBRY Y BO rdFPesBited By a node

addi tional dat enment's. ot her than pointers
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elcenainihga ey nebadtef poregst o represent the frequency of
each neuron's activation, the strength of its

associ ations, and so forth. The present invention al so
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t seangthickitgasendations. andredertt net wor k wherei n the neur al
network. is bi- directional and is enabled to operate

ina forward directio ere nodes are, deri.ved or .25
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| e RinB6bn8 RFbehbith the HR1hoEs dbsbriiel bBdel S expression. The

neural network nay be used for one or nore of:

~nmonitoring and predicting stock price novenents,

| Intaefinaledspent theed is[peavitied alnetral mdvork ebereinttye nenaipetwerk is bi-
V&il%&i%nﬁ %.qd RASIed to operate in a forward direction where nodes are derived or
-created from ihput, and in a reverse direction where input is derived from nodes. The
forward direction is learning and the reverse direction is expression.

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

.and text, plagiarism detection, bioinformatics, vision recognition, semantic analysis and

representation of ontologies, and robotics.
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pl agi ari sm detection, bloinformatics, vision
recognition, semantic analysis and representation of
ont ol ogi es, and robotics. WO 2004/114145 6 Bri ef
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Enbodi ments According’ to a preferred aspect tHhe
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According to a preferred aspect the present invention provides neural neﬂvorks, and a
method for constructing such neural networks via neuron associations, that are based
on characteristics that include at least one of temporal, spatial, intensity, magnitude,
and relative position, for the formation of memories, that consist of one or both of either
input stimuli {represented by elemental neurons) or output actions (represented by

elemental neurons) in a natural manner,

It also provides for either or both of memory recollection and memory expression of
one or more of the memories represented by structural neurons, which represent
-multiple elemental stimuli. The neural network allows for the potential expression of
new actions or ideas other than what it has leamnt 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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represented by structural neurons, which represent
multiple elemental stimuli. The neural network allows
for the potential expression of new actions or ideas
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{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 parficipate as an initiating neuron and/or as an associated neuron in an unlimited
number of associations, via associating neurons. An inftiating neuron 41 can have any
number of successor neurons such as neuron 43, where a successor neuron o neuron
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| evel s of every neural network structure. Deeper or
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represent the association of other neurons an

in thenselves store sensor, notor or el enental
stimulus values. 30 Each neuron in the neura
structure may represent the association of only two
neurons, one an initiating euron and the other an
associ ated neuron, although each neuron may
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exi sting synaptic connections, between neurons 41 and
43 and neurons 42 and 43. The associ ati ng neuron 43
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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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events, the desired menory or events need. not be -
recreated i n another neuron. The definition of

VP 300H41Y5 or proxi mal activation or firing w IPcTiiB2@002119

by the rules of . 25 operation for each neura

network. Proximty ("AP') may vary across a level, and
across |levels, and nmay vary according to the type of

el enmental neuron being represented. Neurons at deeper
level s within the neural nettwork are |ess likely to be
in close proximty, thus it is likely that AP wi ||
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exent sy Qlord BTN Sl PRI CSRE SBEDL Gy RREXATRLS 1o

if 10 represent ory “cor
neur on?sm@mwﬂﬂ@fﬁifﬂmﬁmﬁﬂﬂ ng di stinct sounds.
El ement al neurons may incorporate a numnber of

di fferent .types of el enental rons_sugh as, f
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representing snell and taste there may. be a set of
el enental neurons for taste and another set for
ol f actkr ykis exeptorg theknmay be elermiehiel reurvay ciresp@tdingdé touch —

el em%@éhaﬁb%é&&&sné&orfseféfnﬁé%ﬂ&et NferfiB! B&Uptor neurons; pain —
nociceptor neurons; and so forth. Motion can be represented by the various
types of motor neurons that induce movement.

| When a sensory neuron is activated or fires, it communicates 1o different areas
“of the brain via synapses or nerve cells that a ceriain form of energy frorn a
specific cell or sensory organ at a specific location has been received. All
sensory neurons have similar central processing mechanisms. When a moior
neuron Is activated or fired in the brain it induces muscle contraction at a
specific location in the body thus producing movement. When a sensory



10

15

20

30 -

20 cones, rods, edges, contrast, novenent, and so
represented by the gangllon ceIIs
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For skin receptors there may be el enental neurons

corresponding to touch - nechanoreceptor neurons;
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noci ceptor neurons; and so fierth. Mtion can be

represented by the various types of notor neurons
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alphabg St ] punc 1% 0N characters. For
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def i negheheitalRGEBRS PinNRS Ritiatnd And Gh&iciateBnedrofis| BR&annot be a
thereof. If using the neural structure to process
pr ot ei FOUTRIBHYAYL  the el emental neurons may be
defined to represent the twenty 10 am no acids, or
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may be define pr.oduce rent nuscul
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cannot assocl at 1 ng neuron tructu
neur orfoY. ERPFRESEIRG MOEe ANddnRRINCANa0Pr uct ure. . The neur al
-structure as illustrated in Figure 4 conS|sts of

‘neuro rb?m&n %le&r %%r? Ofso b2 Gsed RSB gésog &lo% bg S.‘i structural

neur ons, are sensor neur
neurons representmg dlfferent 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 o
build neural networks which allow the asscciation of information across
different cortexes or across different neural networks, Another association
between the shape "ball” may exist with the spoken word “bail” represented by
an association of motor neurons to enable phaneme neurons {o produce the

sound “ball”.
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used to form associ ati ons between structural neurons
representing different sets of elenental neurons. For
exanpl e, an 25 association may be forned between the
English word "ball" represenlt ed by an association of
al phabetic el emental neurons, with the shape "ball"
represented by an association of visual elenental
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bui | distrgcteret hr ee  di mensi onal map of the environnent.

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 neu'rons at the root levels of association within the
neural structure allows for the t:reation of structural neurons that reptesent particular
elemental features or characietistics within a cortex (neurcnal assemblies). The neural
structure allows for the representation of feature combinations by dynamic association
'within the neural structure. Neural activily 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 differet  aspects
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' Wheﬁgr ﬂ‘i]e5events are concurrent, contiguous, consecutive, non-contiguous, non-

consecutive or overlapping.

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

associations), and so forth.



The basi c underlying parameter for constructing a
neural network is that for any two active neurons A
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neuron C that has connections via synapses to both
neurons A and B. If such a neuron doesn't exist then
it is possible. to create such a neuron and its
connections. Therefore neuron C 20 associ ates neurons
A and B together maintaining3their relative positions.
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creating new neurons is that if neuron Ais activated
or fired, concurrent with or foll owed by neuron B

b ﬁ@uraétthe/ aewsal neivorkior agry rereseningiboneisal ngiwot is tiiplized at
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necalmm reo@Rs redsy painlycoplkdst traovdmentt uacyiari roqversern ganglion cells,

: aﬁﬁﬁﬁé&bio%n tdubR rlnél:ﬁbi’fo%eﬁor@ aﬁﬂpbt‘éﬁl\“& $ferid6-rdcptor, nocicepior,
aC|va]ted and fir aIIovvln {Dﬁpartlmpateln

shpdE Wg%ﬂ'%‘ftﬂ@ '%?'iersn@%d% Bns, thereby

.aIIovm ng it to form new associ atlons This allows for
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n%tvwm ki B aﬁéﬁeaib th€ ieABie Rb] Dieevk HlEmERAl maliron Rt oiektdd (68 and
r—l',. E}rocess rgtums I"(o (52). # yes, the process continues to 55. Here, the rules to
-associate neurons is defined. Alternatively, new elemental neurons may be defined as

and when they occur during the learning process.

The first, or next initiating, neuron is then found (56). This is designated neuron A.
The subsequent neuron (neuron B) is then found (57). If an association of neuron A
and neuron B already exisis (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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(58), the process reverts back to 56. If not, a neuron
Cis created as representing the assgglatlon or

c BRBheTARateina SR i Ben TRUNG B SR §Fo A0, Mg peujgy (memary) is for
2 0adevitddridventd irPGe/ paBaf0dl/ @qaeht® ol edentshpoiged tebg the event
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T Q
i Bomel e PR et S SHE® Raddy b Babpres
oma;e\be nipreceissedt hgairpdft $ee dasired, - extending the neural netwcrk 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 patiern 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.



or sequence of events pointed to by the event pointer.
This matching neuron is defined as the initiating

weuwsnigeuron A). The event pointer is then wedakemiooziio

according to the defined rules for the neural network
to point to the next event. 15 Another matchi ng neuron
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sequence of events 30 being processed Figure 9

provi des, nore det ai f. the 2 and
FIwaee %glustreteﬁem mege Oc}etl?a the (ﬁmcﬁ&t}@ f%ﬁ%ﬁ l—e@h? g 1hwa§1on gff a
2 @6sbtigtingintbroh S IPEED lﬁzmmmmnﬂntewpfﬂee@smlatm geuron is set
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he root neur on. For each cessor qﬁuron
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S quence 1 n t attern or sequence o of events bei
pihee 68 debe equal ig the sugerssor npyen pelpfer thejpiiaing pgurey. e;}g‘ﬁv’
Wiesiep 105, ipoistitoessol @binteh @f Mt Dhiaiig NEWSTOR $eb e gbint tathe
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or seq e event |n er
@WUW%P%@@W@'%PN"%@W he remai nder of the
pattern or -sequence of events that, as yet, have not

G R R R
nintoccortexn Thuse B iDpbstible to have a visual cortex containing groups of neurons
which relate to a first visual characteristic (for example, a group of neurons for colour);
: é second group for second visual characteristic (for example, shape); a third group for
| a third visual characteristic {for example, size), and so forth. Structural neurcns from
one neural network, representing distinct patterns or events, can be ¢lemental heurons
in another neural network. Multiple cortexes, possibly represented by muliiple neural
networks (and the neurons within them), may be interlinked and related to form an .
integrated ‘brain’ which can provide not only an lntegrated Iearmng environment, but

also the potenha# for intelligent behaviour.
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Igure 10 illustrates in more detail the process
of step 85 in Figure 8 -the creation of a associating
neuron. In step 101, the initiating pointer of the
associating neuron is set 15 to the point to the
initiating neuron, and in stiep 102 the associ at ed
neuron pointer of the associating neuron is set to

U DR @89  héth & heflioHs O t@?claﬁgbg BRSfbAL TRE MGHs Qﬁ‘athéﬁen a

Nno successor neurons Peen ] ust activat ed
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( sdireBiohOBat isTHieentRXbutpiE WriONbt pessivleas dafve tidnmssoci at i ng
neuron is then set to be equal to the successor

neuron pointer of the initiating neuron. Finally, 20
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for _col.our I ed
Rl prpe R BB i SR YR Bl oxprepece
a recellingithg pxpgrgncehar act eri sti c (for exanpl e, size), and
so forth. Structural neurons from one neural network,

resentlng distinct patterns or ent an

o Bt e a . JoppRENE e oGV o PafEr and e
Nmaompﬂeépmmettfeo@sb neESn meweur@tﬁi@Mt ed by mul tiple
neural networks (and the neurons within then), may be

interl|nked and rel ate rman, inte ted,. brain.
WRiEtloR F ByToeALT HBrS ity SR FREBigna Gl Ba R g ook
emep nmmeterinime if tae pitiatiriyeoipter efthe aturdroto tiersxplebsegdnequal

F%Yd O keﬁ 454%31&% ]T@UB%J.'! ﬁ?eoé}ét{egg feldis to step 114
Itio neur a

net wor S are Iy
uthﬁa EXUeSSIOR ig activgiipr oftbe ﬁ@r’r\eﬁtaqventd:‘r \y@IHe gtored dn the, associated
I fmlbﬂn ib Rapreauiit fihil elahiuntdd aewdlar. | itibd valkiplsvetero, stepyl 12 Srtrated.

ﬁgtﬂh rsr&?rggs}'o ro?ﬁle ngblrgﬁ g& 5‘3) b}qﬁé lnl'tl.—?ltlng %Nr@ﬁ‘ p&nl@r of the
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ads to the const i on_of .any. neur n be
R e e R G SR

X sSion 1I's that

alloms a conplete .sequence of events to be
Each neuron in the network has an address o 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 2% or 4,294,967,296 neurons. '
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represented by a single neuron, and that sequence can
be reproduced by activating that single neuron and,

Wa 2004114148 he neurons that represent the associmini®Rod/002119
that is the 10 initiating neuron and the associ ated
neuron in the sane relative position or order in

whi ch they were created, and so forth. In this manner
it is possible for a single neuron representing a
conpl ete experience or nenDhV (sequence of events) to
be expressed, recalling the experience. 15 The

ex padswiuen iabiprdasented by a sipble rivett lenfitb podsay acfonyedmtional aray or
| Nihictd Rhe FP:%B&%F nélmsﬁﬂ&?maﬁﬁéﬁ&b@h% e Wil dbfindent on

each neuron In the neural structure. Expression |s
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equal to ze
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stored int neuron to represent the
o] g?f‘f16'EI WEYF%F ue is not zero, step 112

I's star(tled. a 4bispayperldigress aghifprigmsiit allayf fot he tn2finewrons.

poi nted to bystde7 i Rb™ hafdn8Gnaeur on pointer of the
neuron to be ex )ressed.. In Str;é 113 is_ ex ressmm of

the nedon Bk tef ggrepsarc Ct'érfs"ﬂ'ér"“g’f”e F 1R Iy Ty neurons.
poi nter of frhmm‘eamwf"’h@nrdm. expressed. This continues
until all elenmental neurons representing the nenory
have been expressed. Each neyron in the network has an
ad\grtiaes Burpan P’é’@rﬂaF faPP’PFE’a!eUc‘é’t i BSHropp.thinay gp possible match the
adajfacimsdtal handred Bomemf bralRk@mo\W B ponth adipehe afdhREcRBE Based

2of DS P o) b B0 SRS EES ELBUNER: Al o
aﬁilRﬁ'yﬂYdP repreaghigieyral ﬂth@fufﬂstcosﬁlﬁzlég off 10 treeurpnierthe equielent size
pei ftrlliohuinan bididid VARG dether. Maxi mum nunber of  neurons
possible to be represented in the array representing
the neural network. For exanple: using a pointer

-atiel reprasenti the nefral 3Rtwirkt, s vadp (wilbddneigl efremingman olitoul pointers.

n%q}mm&%ﬁﬁ’@lﬁl‘ﬁn aGitedsSth iaRsth@ T nedroR! A e%&ém&ﬁgh&gﬁlsmﬁ an
145 17  PCT/ | B2004/ 802119

4
FFeR S S s 6l i LT, B B GRS U 19
a2’tondbitibh,owadonmr ray or structure. The nunmber of
neurons that may be stored in an array will be
dependent _on the total nenory storage avail abl e
(‘?‘srﬁh@}”ﬁ 1 Figyya fopach pewpn gy be éﬁPﬁESB'ﬁe‘i g!éfotlbi"rﬁ"%f pllinks (P4, Pa,

"Py and Py), in the most basic implementation. Each pointer is a link to the address or

location of another neuron. Typically, a neuron will have four pointers, the minimum
needed to create an intelligent neural network with expression capabilities. However,
a neuron may have more than four pointers, fo provide additional functionality. For
example in creating neuron C to represent the association of an initiating neuron A and

. an associated neuron B, the following pointers are required for neuron C:

P1 — a pointer to the Ihitiating neuron, i.e. neuron A;
P2 — a pointer to the other neuron that participates in forming the association,
1.e. neuron B;



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

v%gmi;ﬁﬁgyre will allow for up to 216 neuronsd,rcérégkﬁumnw

IS 6 103 neurons; (b) a 32 bit pointer ad
architecture will allow for up to 232 neurons. This
is 4.1 x 109 neurons; (c) a 48 bit pointer address
architecture will allow for up to 243 neurons- 10 This
is 2.7 x 1014 neurons; and (@) a 64 bit pointer
address architecture will allow for up to 2s4 neurons.

This is :} § p)(()m%g iog A s HEEP& deéob%r FeU& nQM’BRéHanr@F ReJ?@nqC as an

appr oxi rmtel rons be possi
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bi t poi pi £k poifdF B IR rRkGRUGE AW et hddaeedn As i Ritk@rigartron

computeys t or 4 bit addressing, it may be
possi bl & % ‘cﬁ'ﬁ'f/egs‘?ﬁ)g'"%ég’ﬁg%ﬁrvﬂto represent neur al

5structures consisting of 1019 neurons, the equival ent
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each neusdemddmpudR (4 A eeRE@holerf our poi nters/|inks
(P1, Per P3 and Pa), in the nost basic

i mpl ementation. Each pointer is a link to the address
orDeepasclatel guurofis mayt hpresant geroplex Feqyiepess| §f evgnife Gings each

Wskrhcnhﬂvr%ufoﬁqas%“éﬁsﬁ&% mfh&ﬁ]gmeﬂhﬁu Bhd BREHRDcAEd GEGIAN, %

an_intellige network with sl

c ABRBineED BE el AR Peson s rdienchg g i 2 flenta
f @ueniyp tilstoba seceseanpeanditiorethaicdhgiions canl onfy assediabmeitt neprons of
Fle s3fhe %@,rrpl e in creating neuron Cto represent the
assoclation of an initiating neuron A and an

associ ated neuron B, the follow ng pointers are

r &, inestbrih@ hewn setuenteof dVitnts i isxmilyneeesstuy t¢ ientifhihbseebdsting

NEHIGHL v¥l11aereprg§e“{ %tlﬁq edefit seq?erl?:gé ﬁ])ttﬁé \Fe‘ﬁt §tl:é§m%ﬁ Gsociate

neuron t part|C|p es I n orm ng e assocl at1 on,
i these iegelhes by Bonshgring maw Newens; egs if w@ﬂ?a\vsmaveob%eﬂﬂ@ces of

say 1,024 events and 512 events, respectively, it is possible to construct a single, new
neuron to represent an event sequence of 1,536 evenis. 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 belween 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.



P3 - a pointer to a list (LsC) of deeper |evel neurons
that has neuron C as an initiating neuron (a
woeaassaus poi nter for neuron C); and P4 - a pqﬂcqhﬁgooglggmg
the next neuron, (LA) that has neuron A as its
initiating neuron (a "next successor' pointer for
neuron A). 5 Additional pointers can also be defined
for neuron Cif necessary to provide infornmation on
the precessors to the associl@ ed neuron. For exanple:
P5 - a pointer to a list (LpC) of deeper |evel neurons
that has neuron C as an associ ated neuron (a

ces oi n P6 - ointer to he,n
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Si representedibly @t BtodafiNEheuddd 7eRY represent a sequence of
up to 210 or 1,024 elenental events. It is not a
necessary condition that neurons can only associate
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i rasys gt Hhej arsoiting '}96@&7@[' é“ rvel dlte rf%rt‘\/\ﬁ‘lekph"i‘fér THEQ CAT™
f (gwRrAT sy text and |l earning, for the sentence;
"The cat sat on the mate An arrowed |ine indicates
't he connecti on between an initiating neuron and a
abydes wert (A6 @ Brehowm th FRiguegsr7éh) eRpurand7 irergrispsdie Igiter °S

CORNRESIAS IBINGRORn 76410 give & sduR bibsbsoocialidg REWSIOT 53R tbvéiRdor

S |at| ur.on...ln Eigure a the fj,rst N
SR RERTaBRaBRRRT dulbng 1§ isSa et Aot i evel 1 3y o
7@ 4 fesull ab aedociatingenion dgHin dveld for thp diskneiword AT Bt t er s
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7@1 éqq%t E@eﬁmdl%) ne rn(:"ss'i(:"orét gn% ‘P 9 }'elgggn?ssést gllgt%érsn gO’naerlljJ g\p’

respectively and associate to form the letter combination (and word) “ON” represented
by associating neuron 716 in level 1. Neuron 716 assoclates with neuron 704 o give a
“result at associating neuron 724 in level 2 for the distinet 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 1o 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 fevel 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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WO 2004/114145 19 PCT/1B2004/ 002119 Figure 7(b) shows
“td]ﬁw_tulﬂd,ﬁ% el emental neuron 703 recogni si ng thgﬁilrg_%oggmmg

the fourth el enental neuron 704 reco
the space """. These two associate together to form
the conbination "E'" represented by associating neuron
712 in level 1. The 5 structural neurons 711 and 712
in level 1 associate to formthe distinct word "THE""
represented by the associatghg neuron 721. In Figure
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hénleﬂéf%hérﬁét&s v Haﬁ:@lrh :r?fptko 3&8@8:96%%{%% W% @Fehﬁr&/ci%é\%cté}@%

rat ng ares
el Hp o132 leﬁefﬁle'mctels fndevel e s et ie GPIRG Of 3ryntl cach
nddfon inNews! 00 cAlld repissont thé assoshiidn dlepnren 024 ZetiersKCharacters;

Jhd’ €a e%?onl |In I%vel HoUdoRld repl%sen? the association of up to 1,048,576
elemental events.

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

1. the 26 letters of the alphabet upper case;

2. the 26 letters of the alphabet lower case;

3. the 10 numbers;
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WO 2004/ 114145 20 PCT/ 1 B2004/ 002119 the distinct word
"MAT"". Neuron 721 associates with neuron 725 ("THE"")

wo2@uneies result at neuron 733 for the. phrasecrasooseo2i1e

"THE"MAT"". Neurons 741 and 733 can associate to give
a result at neuron 751 in level 5 for the 5 sentence
" THE" CAT" SAT"ON' THE" MAT". It is clear that each
associ ating neuron has at nost one initiating neuron
and one associ ated neuron. hkpwever, neurons can have
nultiple successor and precessor neurons. For exanple
nment eur 701 "T" has s ccess ne r
Febr eodhit PAPUnSROY F5d il TIBHES A s pgaenumerc
Elenenﬂawmweuron 706 "A" has three precessor neurons

repr eS%% tﬁ'%r s a Zﬂél)’acterf' G frJnQ ﬂ( 733@%@3%%%%’7 iani ‘be

To extend e sentence | trate ure 7
wher e feIretbur on 7011 in IeveI 0 recognises the
letter "D". Neuron 7011 associates with neur on 704 to

gi neuron 7 9 fo the "
STHE oRmb S ehudirnt IS Rechiven, ok 1figB B Bl 8 'smBlrea
r @SWIPRS Igguined oo oroR 20 cinspquenes @foﬁr@ |0hme|r@nral mork NBIfpD e

7 2Ry SR 6ded. €BsiMg thd éi&erSl@ B Ye]@rec& itigh, Vtﬁe Auhies ok Hoéﬁnents
neur on 26 for e. conbi nat | D"

D Eulemad 2@ GS of e LGRS MBS Gomienec e 5%, Pl Pagite it R
74chfnantst lard adberbnadntuno nposTibIE" MNTBRAND" Wordble phesss, 7dduses,

gfa% %ﬁﬁﬂ&é A fokd, Bl H6S10fn WAP %ﬂacﬁﬁe@ér &he

752 or "t conbi ti'on_to represent
“W"%?emkWWT" Byiyay ob @xamples; 'fg%,'r @e Aays qf William
sBimespelyetwerdrecari@l udthgetae prestra ifesitidh i &t @tognitipm, agienths

: oﬂ"st %{ wAselreLo%édCtH&E %Lﬁrbe ?&%mﬁMb%P of htﬁ}é? l‘:eu]rons “Ni1~.

ents an associ ation ers aracters; 1n

%ﬂ the sesend Rlay s TReRrdede WiBigdhe $amp %@b@?‘&’p{koﬁheofota'
Unﬁhutrdhs 4equlrai Wewd hethwy ihétsﬁﬁrﬂe alrtﬁmbtiﬁvsﬁlm of ﬂ:lﬁset @qdired for the

t 1 Rr S |
| EdepBhcpnBBERSAE L pociCor oo B Db 86 SR Sk eCrohdled So
Ssogesy e spcwnfhmaw |ap¢\'@siﬂdfbeﬂond rtlnqsp ceagted] forribe firghplaynhwould) be
léad@@fdlm 16 §0E ﬂfé%nrargw i S0 MediohPfdr afy ;#andueuy bxi¥ith letters,

ers/ characters; 20.¢co

S DAy HESHS SBeEET (70 3P D) VRS s s, b unEPhow
@Ismmmralwoemmetasidecs OUpis thenthirth plag being refcgtderu dig extra neurons
TR edoLIPBE d06d iﬂ%ﬁme%fay@d i@ al neurons required

is quite limted. One el emental neuron would be
required for each of .
By the time the final play was eniered, the increase in the number of neurons required

would not be great. The main increase would be at deeper levels in the neuron
structure where new associations wouid 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 ievel can associate with any other neuron in any level io give a
result at a third neuron, the number of potential permutations and combinations

availabie is very large.
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1. the 26 letters of the al phabet upper case . the

.S of the al phabet | ower case; .
“@%’%ﬁt‘g‘ﬂm 2004/ 114145 21 PCT/ | B2004/ 002119 EC%’?W@"%'?””

punctuation and simlar characters on the standard

al phanunmeric keyboard; 5. any other speci al

characters (e.g. fromthe G eek al phabet) that may be

required. 5 The nunber of structural neurons required

and the nunber of levels of %tructured neurons

required can grow i n consequence of use of the neura

N eftrovo & konstbaratioropt Fiyare 7, d@rendra diff@edicesbinatioss thgt mideche used to
}meetheo;esél gﬁtne[rr%ﬁ %? “{’I#?E: T@)ﬁ"‘@WMﬂf dQGHBRRpR, in

ncerned earnrng event

c devekt @ﬁekﬂlstr@tﬁtethe@éovarig somhingHeys arafegordeds o doc ument s,

and t herwreeer gy pesseht,eomryahemanf words, phrases,

cI uses ent ences. pEr ra h chapters, books, and

YLDt the resulting neural

net vvor KTHSt “HET tRIY,GCABIA oONaXMYHAnd 'MAT al | the pl ays

of Wlliam Shakespeare were recorded usi ng the
present invention in text reco&B E baft | {2 B

f |TP'§t°af5Ib33f°'W§(§d PE coltiber s & BiotPe pinbRateDs i el 2 By
Naddping @fes pbtingit wor adesirediolgersive’ ot Usinglibe Whea rietveris tcedate
p neural network, the
Lf%‘\' ﬁeecrﬁﬁgﬁ{st%rﬁ%eﬁ%my rﬁ/h\gtt{gge not be the sinple
arlthnetlc sum of those required for the independent

P @08ES i ) Geuddn i€ %ﬁrl"srdéf'edt hes ﬁpabié of (Epleyeriting aaxtrence of up to

uired GeSP
b IyEF TR e RREoc B sTEREf L oY Fs
ateiedhe eleniintal @ reptiavek Hb'semveragelewetvtsaredmzxprﬁﬁﬂﬂons for
any previously eX|st|ng letters, 20 words, phrases, '

auses, sentences nd sq fort I ot _.be d
CLNSSS, pSstonge s, ANt (Rt ha' g Q%é""%oaﬁ'gt fighns
t évpregisig). dy cbpire pinaac onpleragntatiie twx plementelinamens eregol leuel
Wl s kQ:Qn 8¢ @ﬁﬂeés@d b %ss%@ﬁfédvtﬁ)’a 5iRgi@iei8 NAeurBl. T8 1évelm®
the final was ent er ed ncrease in 4 ; nﬁ;
MBS, waﬁarsber e@tﬁsreé’d or gssogiplie d’vr?ote ?§e2 gPEgR andse ﬁ'ﬁt 2
| sequerds of IR etbripdtah bvetiisdp eclivhted ehdsteami/exdreessagiLhyde network

j@é&’tﬁé 1ol %@Fﬁr@gﬁﬁgfe@gﬁégﬁ loBdH 1QRPmAPSY HodiBscadded. The

epest

1,024 level 0

- 512 level 1
256 ' level 2
128 level 3
64 level 4
32 ievel 5
16 level 6
8 level 7
4 ievel 8
2 level 9
1 level 10

representing the entire sequence of elementary events.



singl e neuron having all associations required to
represent in their entirety all the plays. 30 As each
vn@mmm@pﬁngeach | evel can associate with any 0@@3&Bumwmn1w
neuron in any level to give a result at ath

neuron, the nunber of potential pernutations and
conbinations avai l able is very large. WO 2004/ 114145
22 PCT/1B2004/ 002119 From a consi deration of Figure 7,
there are different conblnag ons that may be used to
provide the result at neuron 751

" THE" CAT" SAT" ON' THE" MAT". For exanple, in level 1 as
illustrated the follomﬁng combi nations are recorded:

" Tirthe badic ime bétleen nelirons firngAvas 1 ildecoran gi th&/l‘& Ie\lfeﬁ’ agé\haell 0
Eon%ronfv‘\%& %ly ﬁﬁvape%s Iﬁrtéld %ml:é)vrerye'\fﬁgmwesgc e ot onf:ﬁla second.

can
beTHus ff fthsvastay hjgpr@seﬂt[mtmﬁmeumﬁg@tumf is papsesehied as a combination of

5 COUEbhAhMbMABS BIstib/BNES, &epﬁylev@dr%GFan Geolildl BS daseed i %fb‘bver

16

15

20

30

to a desired objective for in e neural network
t FIRAFREEON Y 9%{"“’@1 imparipgthe B?F@?’H%{F? ghsarnigg F‘"%‘?"Qﬁ“r‘é@i‘m

may be enhanced. If a level 10 neuron is considered,

' tfrbg'% &?Q’?&I ﬁeu%rl nbflhCsta . na?rﬂerﬁ? qw%Fx’E-ﬁ@ hQ\re éépth iP initiating

enment ary eve nts
eXpires degropl "%q"l B’W“r?gm%l#é "ﬁUiOH‘t gusture htSoa"PW‘é an U""m"ed
e Inembdr tohble@éntslGRLrohE£id dlo cremusm aMd my\at@r thah akvinvgetb redefine

S%E%%Xtaﬁ")éﬁlroﬁg' Al%ﬂ}atl\.gzﬁrb lﬁggé]%eﬁnrgrpseclék nallo%ggﬁredgtemined

ent act arning-a
e%w@mr&wmmnaarp@ ingheystrugiute, pRmeashelsmeniabneurapgsan then be

ehﬁmﬁbadsreﬁeu r(€gs iRrASCIOtexd Shedcterd) @UE:@PS25Baéleﬂa&1tal neuron

TR RSN Pe piAPGHE (i A i dloenotife widtriualiousy
awlllde et addreseB¥®n and so forth. |If a 20 sequence of

1,024 elenental events is activated and
Iearnt/exgres ed by the network then

nifbreprelsired,made AW ﬁFmSDaIE‘H‘ePré’OSeFa“rP&de%é Tr%‘é‘%‘%"s é‘ﬂy‘” re in
1the Béjrdzlemﬂitur@, pravidihglienceinplite fi2Gi5Iity. dvieh uﬁmg A 2B:defned bred for

the elemental neurons, processing may be faster as there is no need to search a list of
successors attached to the root neuron.

Elemental neurons may be represented with their initiating neuron pointer set o 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
initialing neuron value is always zero. Therefore, when expressing neurons it is easy
to determine when we have reached an elemental newron because the initiating
neuron value is zero, pointing to the root neuron. Aliernative methods may be used to
'.deﬁne elemental neurons, without impacting the essence of the neural neiwork

presented.

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

this way recent memory traces are readily expressed.



64 level 4 32 level 5 16 level 6 30 8 level? 4

“l'(?yog_lmﬁ 2 level 9 1 level 10 representing t nt| re
sequance of el ementary events. V[)2004/114145Q§§ 2004/002119

PCT/ 1 B2004/ 002119 If the basic tine between neurons
firing was 1 mllisecond, at the root |evel, a |evel
10 neuron would only activated or fired once every
1024 m | liseconds or once a _second. Thus if the array
representing the neural strdtture is represented as a
conbi nation of 5 distinct nmenory bl ocks/ areas, deeper
Ievel neurons could be stored in slower

({\n@g&j VEridd ﬁp&l@ﬁseﬁ'e %Q;E&Htm P{Eﬂﬁkﬁﬁ liddof Jﬂj@céggcgrfrﬁ[r%ﬁ{c?he

earhing a preferred neur
néleu@rstmgwmvwbls 9@1“@1*8#?&?941@ aﬂﬁﬁ%""ﬁbﬂ?% ugeE Chaoges in order

I fib tphﬁﬁ:lbr?ded]?!détﬁnﬁal'tﬂ?ﬁ th@%u:ﬁﬁhétﬂ&kfsﬂﬁctﬁrbe mlﬂk&hple new
Structure u r, =

5 oEsaa paf S i iR ooR . Alohe i BF 5l DR e
t mgaintdiadi in giutmeriqal edert imlphabeti¢ad wwlet, sind ise dommsleemse neurons
Alinfeh AR rdbfabrtly aBleStBRbaIl be%vea waa@ et bﬂﬁéilﬁdoraat the

predeterm ned neural stora area in %
T A O T S R A SO
diatozedibly. Inis mBs rdnd Waigplder oremAGed dretabitie epl af thetlist andess

b neuron addresses can be
P%ﬁé?Fégﬁfé%%%%&%@LZSS) and the address of the first

structural neuron 15 will be at address 256. In the
prnemsrrhﬁﬁkemewdea omiel Irtes Bé u@@ﬂfo&@ﬂe@e’ﬁn ttb&eﬁdﬂfﬁynaphc

a e |n t he neur Str I
gtggrm e%% ee)\(rei% th? such]s ’ﬁleur ns t(%l g;l %R%gnefﬁe%mdl%
mwngttm eseefveegmw Egpresent ﬁ@wyenqsh @f@&wﬂm@ﬂnﬁ%‘m@eﬂ F%é%se!?d
as there is no need to search a i st of 20 successors

ached to thet éBOt neuron. El ement a neur may %e
atlﬁ'@%’ﬁ?ﬂ’ ERPTSRETIRD Py @Y, neuipn Gan B r?ép’ﬁ%sﬁf’ &hs Vn‘?"@ 9
sweurane represented gayi the iiniiigting nedren momter and then hetexpigesing the
eﬁﬂuﬁﬁﬁe;%seﬂ@ﬁ by tRRSsdcBRY he@dR Sé?htélt Qfth® RHIERTY poltdr i Yo, it

Szg:gpstggﬁﬂoe%c\é%g ﬁﬁ?ﬂen@g%rg%gegg e ele?n\t/antg\} néu(r)onb 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 io 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*PLAYINGIN"THE"PARK".
PETER"IS"READING"IN"THE*CHAIR".
MARY”IS"SLEEPING"UNDER"THE"TREE".
JOHNMS"RUNNING IN"THE"RACE".
PETER™MS"PLAYING"ON"THE"SWING".
MARY"IS"TALKING"ON"THE"PHONE",

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



25 neuron. A elenental neuron can al ways be determ ned
or identified easily as its initiating neuron val ue

wWo 2e4m@gs zer o. Theref ore, when expressing ne%‘l‘ﬂﬁzdoﬁ/oozma

is easy to determ ne when we have reached an

el emental neuron because the initiating neuron val ue
IS zero, pointing to the root neuron. Alternative

net hods may be used to define el enental neurons,

wi t hout inpacting the essen of the neural network
30 presented. In the preferred node, new successor
neurons to an initiating neuron are sinply added to
the froftCR¥¥NEhe |ist. Therefore, they are attached
direct!| )sRUNNIRG initiating neuron. In this way recent
menory m (:ilre readi |y expressed. WO 20041114145 24
PCT/ |1 B2 '§ 19 However, various options are

avai | ablS&SHEEPIE ntain |ists of successor neurons. The

s neural gtpjdeing e allows this feature to be used in any

i0

i5

20

30

manner r-chooses in order to provide added
functi dﬁgﬁk&?ﬂ o the neural network structure. For
exanpl e, new 5 associ ating neurons could be added to

t he i Phigt i st could be maintained
|nﬁnurrerl|9ésal h&s S%ces RELES?% cal order, and so forth.
Li kew se, neurons V\,hl ch are frequently accessed could
besmrmedustmwm) ckdat the IRwif phrddes br rhdmories: at the
front ,%.FABLEsuch that nore recently activated
menor i es are ways nore accessible. This also neans
t hat ol \NBERWHOIRERS are at the end of the list and
less 9ThHEkRARK tO0 experience expression. In this
manner of the Iist can be used to represent
t he rel'hi\?lis%g;hgﬁnapti c strengths or activation |evels
of thelNTHIEBAEBr neurons to an initiating neuron
vvithoubN-;h.;Evgwg,@o use weights to represent the
strenghg tic connections, it so desired. 15
The ne éﬁ@%ent ed by any neuron can be expressed
by sinply expressing the neurons represented by the

| filds! VR DSHGRLH 9@& R %hYﬂ\Ré’ BuP§8 1§ B&oB%RE %ﬁrﬁ'wd&fasm

neuron represent ed he associ at ed neuron pointer.

| $cipne  Phichanging doe 5’61“???'89 of gltgragtiye spigeessog "ﬂﬁ%"ﬁ w1 15, tiis
epussibie so dprselpwBixidierenbphngsegtlalides: el enental neuron.

Q her W& stdifadd Process can be repeated for the
initi at| Yq pol ntér - express its initiating neuran

poi nt dCYIRAUNNINGssoci at ed neuron pointer, and so

f ort h.pydyus rEamyNGgieur on can be fully
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:



expressed by expressing its parts in order. It is

wWPsRiRlGad 0 Create neural network structures .
representgi ng know edge |l earnt. For 25 exanpl (Ie),CTllIPZOPﬂ%OZIw

foll owi ng sentences of text are inputs:

LUCY" 1 S" CRYI NG' UNDER" TH E" TABLE".

JOHN'I S"PLAYI NG'I N' THE" PARK" . PETER "I S" READI NG
"IN'THE'CHAIR'. MARY"| S"SLEEPI NG' UNDER' THE" TREE". 30
JOHN'I S"RUNNI NG' I N' THE" RACE™.  PETER

"1 S"PLAYI NG' ON' THE" SW NG' .

MARZYIIS" TALKI NG'ON' THIB'CRIONE", it is possible to
crgpigsneurons that repreeang the fol l owi ng phrases
or. nmenories: WO 2004/ 11414}5 25 1S CRYING |S RUNNI NG

| YN8 NG 1S SLEEPI REEMIINGP AYING 1S TALKING I n
t hugYagase "1 S"" has sISSIEECINGSor neurons. 10

SiggLanky it is possi reate the follow ng

3 p#rggggs{éor MeNori es: @M#HE TABLE UNDER THE TREE
IN THE PARK | N THE CHRITALKING | N THE RACE ON THE SW NG
ON THE PHONE PCT/ | B2004/ 002119 Thus LUCY is associ ated

G EbEn T shreble Pt B o B g rb® by thies tat ap o
akyntachically carestarclessaso allsgmanisaliysormred Similarly:s
10 ONTHE THE TABLE
IN THE THE PARK
UNDER THE THE CHAIR
THE TREE
THE RACE
15 ' THE SWING
THE PHONE

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

20
Combining the two sets together gives the structure:

{315 {3 () THE{}.

This provides for the expression of {5} IS {6} * {3} THE {7}, or 5x6x3x7 = 630 possible
25  expressions, having leamt 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
1o user defined processes. The brain can explore new concepts or suggestions that
are syntactically possible with what has previously been learnt. With millions of
30 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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possible to express up to six different
phrases/clauses: LUCY IS CRYING LUCY IS RUNNI NG LUCY

w2 NG 25 LUCY |S SLEEPI NG LUCY |'S PLAYI H@D’I%XOOZIH

I S TALKI NG Al t hough only the first phrase was eve

| earnt, or input to the neural network, it is 30
possible to do the sane for JOHN, PETER and MARY
Effectively it is possible to generate new expressions
based on the structure ** EZ and IS ** That is: WO
2004/ 114145 26 LUCY IS IS <(I NG JOHN IS I'S RUNNI NG
MARY IS IS READING LUCY IS IS SLEEPING 5 PETER IS IS
PLAYhaiGxpiessionqapaliiies>CT/ | B2004/ 002119 Therefore, it is

posssb}eeamc.atroaﬂa&emha@ad%ess 30 (5><6) phrases/cl auses
hat . are "Y corr and are . al so al

o e Pl BomEfer memp i And SraeRErre P Tt &
| ™M THEomHEatﬁnﬂKefftiNmER THE THE CHAIR THE TREE THE
RACE 15 THE SW NG THE PHONE whi ch provides for the
possibility of eneratln 21 phrases/cl auses, of tg

s such

ndihiss 1Be petwrisjs ablgip EeﬁoQi'l'S@ jternswiinpatierps pfiagsacislionse
buttmaydie chlsbe in @aming inciastlies st a< ¢dr.example, monitoring and predicting

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

compression, and so forth.

The neural network structure and processes described above may be implemented in
software or hardware. if in 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 iearn 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 7the 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 fo 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 concepis 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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20 Conbining the two sets together gi ves the
{*} 1S {*} (*) THE {*}. This prov
‘ﬂ%ﬁug%?@ssu on of {5} IS {6} * {3} THE {7}, h’ggﬁ%{"g&“}"”g
630 possi ble 25 expressions, having learnt only

seven input sentences. Thus the neural nodel allows
the learning and building a neural structure of
menories, and also allows t conbi ni ng of those
neurons or nenories into neW expressions or behaviour,
according to user defined processes. The brain can
extpe inquence W astivaiepdising leasing s punees sucheasor ngpens, the number

SYdp B@Eésb&'@tlaurﬁn.@ Qﬁ@étﬂ’o:@t ¥ dsBistiictlesdiRfarRit@Mé 0348 lin/th RS for
learnt. Wth | jons of 30 neurons, it is possible to

e%@'@sﬂsﬁ?wqh?%gndoff”%rﬁf%‘tﬁl cally correct sentences.

That is, the neural network structure provides an

%lp&sf 9%' eegﬁtﬁﬂ@g:s@ s%r?&plge(ﬁ‘%&& neond %En b d@ﬁned for

neurﬁ SCri I'S pPOSSI e to have
l@gf@@l@@ﬁwmatnter%phngwﬁwte"tabmpléQﬁﬂcesw&%ﬁpmﬁf&‘sceﬂ

has expressi on capabllltles st ores associ ati ons

e s R T i
ekihd syneplic as@cREBIS] BROHQlsd m@esvhrtgeqﬂne thedieist ﬂwp@re and

aphRrding 1he GRUR %@nrfé@ﬁdn?r NfheVhdibR 1Bhd B NFecfihg associations
associ ati ons. _As such

S IeuEnS % 228 e 1 (RSP PSRl g exressed
pareld explaratign %mmiplepassmhnm/emcbmmytatzmsewfngt associations, with

pﬁtﬁé’r%iehljo@g]&ﬁ be?&%ﬂéd dr¥xpre Q8P Wikhonsichi fopRRER Glehidhes, where

rases I n_speec text, clauses In speech and
t%ﬁ’ﬁmmb'l'sé&i“%qﬁﬁ'i'?j@?@é?'?’bﬂa"a%’P% 10 conpression, and
so forth. The neural network structure and processes

dﬁ% rfﬁ \githl ‘%X&mﬂg%r Scésgﬂ{; %H%Qémgntéqof é&@ﬂa‘f‘?@r@o@ neuron

har a chip
a@vents ndscreaitg cuamoges eiinRyl %"P“‘%{'ﬁesa‘ﬁ rf%gtest?f*tee ly peurong|and B by
bew@nsichisie Bemleemelirans. St ruct ural neurons. - El enent al
and 15 structural neurons may be in part of the chip,

or may be in a nmenory array of dedicated neurons. As
dhlerfavingrwith or lerining or igprasenting an petiyity pfaatemsd melgr aeurgnevents

fdnb TheafitgEBRGMS 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

1o 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 io cause
one or more processors to execuie one or more functions to perform the methods

described above.



neuron will learn the first elenent of the data. For
exanpl e, the upper case letter 'T" in the exanple

4y g gure 7. The next el enental neuron H?
ﬁg@ﬁh?ﬁgj next elenent of the data. Again u\é\?ﬁh‘ Ha#/002119
exanpl e of Figure 7,the |lower case letter W 20 And so
forth. As the elenental neurons and those in the | ower
| evel s of the neural network will be activated nore
frequently to create the ass, ?C|ations in the deeper
| evel s, they may require faster processor speeds, for
best performance. Neurons at deeper levels will be

acWhilshtherg heg Q@e"fqeé‘a'!}%‘ﬂ e fefRgpind-ieseiplorarrefaiigdpniediments of

st pndsémmsérm&ww B Lmaer&b@wth&b@ﬁmﬁ@fhemﬁa@gy tiZdb many
net wor.k

S
{ nevilt ypdehihtont Bl vieREeT, sPrRBlon S50t AT Bf otk
newithowt stepagiing foyribgpressntioventiart | ons. Each neuron in the
5 brain can be represented by a single node in an array
or menory in a sinple manner. Neurons are
fi xed-1ength nodes in an array or nenory. Each
synaptic connection can .30 be represented by pointers
to other neurons within each node. Neural nodes in the
array may consi st solely and exclusively of pointers
to other neurons in the data array. However, notor or
sensor neurons contain a sensor value or notor value
for interacting with the external environnment. Each
neuron contai ns connections to other neurons. If
desired, neurons may al so maintain other information
such as, for exanple, WD 2004/114145 28
PCT/IBZOO4/002119 the frequency of activation during
| ear ni ng, the nunber successor neurons, the nunber of
processor neurons, and so forth, t0'assist processi ng
and to be used in the rules for «creating
associ ations, and for expression. 5 El enental neurons,
correspondlng to sensory or notor neurons can be
defined for interfacing to and interacting with
external input devices or external output devices The
neural network can be represented and
buil t/constructed based on the neurons and synaptic
associations, with appropriate rules for creating the
neural structure and 10 traversing the neura
connections. The network | earns by creating
associ ati ons between neurons- For any neuron, its
representation can be recall ed and expressed, and
exploration of multiple aSSOC|at|ons and pernutatlons
of its aSSOC|at|ons with
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ot her neurons can be recalled or expressed. Neurons

waRRod/eRISS et nmenories, where a nenory is de ?nguﬁﬁm”tw

the expression of a neuron. 15 Interfacing w
| earni ng or processing an experience of externa
sensory neuron events and creating nmenories of input
experiences is represented by neurons and by new
connecti ons between neuronsﬁ)zo Interfacing with or
| earning or representing anactivity of external notor
neuron events and creating nenories of output actions
i She §f@inmsent ed by new neurons and by new connections
bet ween neurons. The neural network can learn, it can
express or recall or recollect nenories, it can 25
interact or express itself with the externa
envi r oanenta) nawotk leamprisivg aplulality \of heurdrsi inkvhich 3oy @oe sEthe
defi ne V,

By gméé&{ns ol bsiRleledr IR WP el 5P AchRY hg@ in

as des and o express It creat|

The pr é@emralmhotemqr@ﬁ vig @@wemmmt%maa dusthpiupeion in
usabl epii@ity bfeGRART i Sing a 30 conputer program code
or specially built digital processor chips custom sed,
to cause one or nore processors to execute one or nore
f &nct i Ansural celworikfas claimedddn elaimbowhere thedwinebeayraalidin @ deger
2004/ 434] h5n By REFLIERAMOADIInMG. St there has been

described in the foregoing description preferred
enbodi nents  of the present invention, it will be
uRhider sA paudk! bptwbikes elaihad Hh ddim hortdiaim Rewihmeih tgyethaend the

many  AaihbAlduftiSrdh JTOM Sdiia iRSmé Erog;EEé"Hsisﬁnngf the same,

design, construction or operation nay be madé wi t hout
depar t@ereBm t he present invention. 5 WD 2004/ 114145
30 The Cains: PCT/1B2004/002119 1. A neural network

Czﬂ npr L}é hﬁﬂalarreﬂ{mll‘l{ glf* aYmé%F in" %}éfnq S thQreW‘th& i SNRufhs

neur ons abl e as OCI te or
i nk \Mlqweﬁi w@ramvmf e@n@ﬂm@reuw@a Fﬁfha mwra'rlv of structural neurons;

all elemental and structural neurons being able to be associated; 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.

5. A neural network as claimed in claim 4, wherein each structural neuron
'-fepresents the combined information or memory represenied 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, 2 defined
elemental data element, a basic input stimulus, and an output stimuli of

information being processed.

6. A neurat networl 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 elemerital neuron, a structural neuron with a structural neuron.



the plurality of neurons via active connections to a
further neuron in the plurality of neurons. 2. A

wirshdhipf work as clainmed in claiml1, where t .
further neuron is in a deeper 10 level than Egirﬁls%t)ﬂgoozng.

neuron and the another neuron. 3. A neural network as
clained in claiml or claim?2, wherein the neuron and
the another neuron are in a |level selected fromthe
group consisting of the sa \ and different. 15 4. A
neural network as clainmed inclaiml1, wherein the
plurality of neurons includes "a plurality of

el nentAheurs pewat agreihinaedoh amadrietaf clgimsst foufs whergin each of the
neur Onspluralﬁ) bt GAURIFB TH @he %ln ﬂmﬁt £éli§c§e'dr1ﬁ4m BRUEOHS chRisitg of

abl e be "associ at ed . neurons bei ng

nt a
~able t d"'@'ﬂ? BN ﬂ%P?‘a‘E’P Qﬁ‘g?ﬂ QTI‘T‘F?F&P%E'Q AN al |
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structural 20 neurons being able to express a pair of

NEYr ong, y r£| Héﬂb&l@ a% hér‘é’m %Pﬁl'af?ﬁ ¢ wherefd Qr?%t?ﬁ'ﬁnd‘%m s

as claine 4, erein each structural "neuron
repres é‘ﬁ?°§'aieﬁ é"'t'é éﬂ’eﬁsﬁ@ﬁeﬁ‘ H?U{ﬂ"ﬁ’a% YR enneptipgsig the associating
represesiregl by a pair of neurons, the structural
neuron receiving input fromthe pair of neurons; and
each el enental neuron represents at |east one sel ected
f Bom t Renayrabnptwodoasstlaimed dn oiRina A, wheseip ribea initistijgoeuwen, the
dlefl netdss%bae@n{eaﬂon pa"Hd: #k trhss&.éﬁﬁé Ir@ﬁ:@n &b edasﬁﬁgct@b ?&@E@lon
el enen put st i mu ut, stinu
ot °" nPigFEl ey b syl shaggerstt B p s oRe ot
networ temperat blmtiaienjtensﬂyoh@nmdé apd rejdtisé posBionwher ei n
associ at i ons are at |least one selected fromthe group
onS|st|n an el emental neuron with an el enental
né‘br onf ng a'e’reé'FPé'h?%\?‘a'ﬁ'éﬁ GV \RNE /F Saigs e Oy wagrein Aiprgaton
a str umpmsaited byeaLie0on W rhémay) aad proeesking israt leastone af: léaring
struct Eae%grgg#[on with a structural neuron. WO
2004/ 1 PCT/ 1 B2004/ 002119 7. A neural network
as claimed in any one of claims | to 6, wherein each
ofi.t hea najrwralmiowasxﬂamedu I’n&ﬂﬁj oh8 oPEEMe 14 610 ewisedie 6 llevel of

from tlﬁ? nQLF olurpetugocl)'IQSi g’ %r ?evél wi %He%u&-? ngtﬁlé{k Qm%ure if,

assocl at | ng neur on, aSSoCl a n
neur al dureg QPressian; mqrgstnnajarp feavired o expreemtsp Elemenigl neurons

i niti ahdtRGeph@UhiON i S

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 struciure 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 o 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.



associ ated with an associ at ed neuron via active

WiPH0EEi NS to the associating neuron. ?WI 004/002119
~network as clainmed in claim8, wherein the |n|
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neuron, the 10 associated neuron and the aSSOC|at|ng
neuron are connected based on proxi mal

characteristics, the proximl characteristics being at
| east one of: tenporal spﬁélal, intensity, nagnitude
and rel ative position. neural network as cl ai ned
in any one of clains 1 to 9, wherein information 15

r el es ehnewalnptwerinasielaimet én Hiifo# 3 whareld P Geasistedpepign is
at | easiciR® Affires &RF MeNditiatRg heBR! B8StedPect 1ol theassociating
neural network as clained in any one of clains 4 to

10, whelF¥°A a level of the neural network is a deeper
l evel within the neural network structure if, during

EXRI eSS ﬂéhral Rbsore E? %Enni?é'dQn ra(?lg WYnk & ctaﬂnﬁ )f@ rt@ 53, Mﬁﬁeln the

el emental neuraons It resents. . neura
net wor lackyation cg,ﬁﬁggjof tlpe ﬁvﬁhn& maurgn apq the ﬁgsopiateg nguron is based

wher ei pniphRinanéharkictisties. pl urality of neurons is an
initiating neuron, the another of the plurality of
neurons is an associated neuron, and the further
ndér on Al reugdl asiworkiagtdiairged el iS5, whrsein theyroximel astivatien or
such t hadg oMiRnifidbiRg hélirdd ﬁh'tﬁ&ad&&dﬂt&mduﬁm&%ﬁe%aﬁ@@eﬁm of
fires, the associ a 81r;}%f‘neuro entiated;. an

the as8B%i SMaRfc, % °51c‘FT" 3‘["5&“‘%?"% i ¥ XS Sy"a&'c
associ atrinagions tetween shef initittingrneponemtithe assoaiating: hevsen and
acti vahagediife 4 Ja@néu%nfdnﬁ fhe a3bhoihting rbuRBUT @l - networ k
as clainmed In claim12, wherein the associ ated neuron
is activated or fires at the sane tine as the

i g7t i aAi rregranae:wom as\(hi2ed 41 ddyl A oBAaIRESTIZ B2 06 Mietdl e
14. A p&l éa{l ggsneur gprgs%nfél 1 g&nq df thﬁt g'l rﬂltzfrom% ﬁlltlgtmg

t he aSSOCI on I's act1 vat ed i res af
i ni ti abeWRD FnSihe Assogiated newek dasg sy 'rtcwemaege er m%@elected
neur onrém e grofip BENEIsBhg ¢Ted Wehbry ddcd; b abmibidation ofithy egpetierat

cl ai msofjm igatﬂ'né hemegn%l the é{éﬁclatgg FleuYo%t %ﬂ%n%é!u Ellﬂﬂl Q&JUQ'ICG

t he |n|t|ab|ng neuron and assocl Fon
based of events.

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 ancther neuron.

20. A neural network comprising a piurality of elemental neurons, and a plurality of
structural neurons Tor 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.
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on proximal characteristics. 16. A neural network as
clainmed in claim15, wherein the proximl activation

WO 2004141451 ng of the initiating neuron and thePCTlIB 004/002119

associ at ed neuron causes the creation of new synap
connections, or the strengthening of existing synaptic
connections, between the initiating neuron and the
associ ating neuron and between the associ ated neuron
and the associating neuron. 3§5 17. A neural network as
claimed in any one of clains 12 to 16, wherein the
associ ati ng neuron regmesents the sumof what is

| e@t-nt A mgkfek priwerk ias icgimeddn claisy RO ivhersin theepliyaifiv el elereetal
neur on; ndufms %nrépi’éébhtédi MY aOB& 18¥el PR A&&CicBebri, fan@MBach

th t t Ll

ot b SRpH B St A R et S ok SR s oo
associ spaennawr endgefinedrdaterglgmeamtideash s@efu@mi estim@is dfeing for
events. reﬂrésen _;F&%éslt oFi@‘bi‘\"éri%%sﬁ%n&it iR ahd R WitpQQinfi of

cl ai ns wherein all elenmental neurons are
represéW?@Wﬂ@WP%?Qﬂﬁﬂgﬁegvel of the neural network. 19.
A neural network as clained in any one of clains 12 to
1 wh t f [/ v,
: % o0 ?iergégi%ti R&&grgsag‘j:g 51‘?'9%‘598!%?1 éd“% gl g‘?{i:\éi‘; eu"f‘&‘ic{h nfetha)
need n @EUT BRisselopied frem tegraupcoRgsting ot aGANSOp peurgn Fng 7 Tptor
net wor lge@ewpri sing a plurality of el emental neurons,
and a plurality of 30 structural neurons for
representing associ ati ons between any pair of neurons,
t R8. paiAmewhl nebunrioascldinpthip claint 2 whereintuminiotmeatign isumemory.
consisting of . both el enental neurons, both
structuyral neurons, one structural and one e
P 2hr on ™ el Pt ABRIERI ™ B, P o6 RS 2D 18 2o PR the
neur onprowssing B4t bist bis of3Barfind AhBaPM44i602119 21. A -
neural network as claimed in claim?20, wherein the
plurality of elenental neurons are represented in._a
r S%t | AVietrah retvats retipiaed ipfiopRe of galmse2Lip 26| Wirei K1
neur onplurelly esented aAtodatiogtar®rRPreséritedin agiwrainbialeeper neural
sti mul ; & defined pattern and a defined data
el enent; each el emental stimulus being for 5
representing at |east one of. a basic input stinmuli,

- azgl anA aslird Weiwikit #8UERIMed in didith @5 'W¥drén tHeQiuRdePsia6RRIe the

30

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 neurons.

27. A neural network as claimed in claim 26, wherein the number of elemental
neurons and structural neurons required to répresent 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 to 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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22. A neural network as clained in claim20 or claim

v@zoomﬁﬁ' n eaph el enent al neuron i s sel ect egc}{[ﬁﬁbmonw

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 nmenory. 24. A neural

network as clainmed in any one of clainms 20 to 23,

wherein the 15 processing Ef at | east one of,

| earni ng and expression. 257 A neural network as

claimed in any one of clainms 20 to 24,' wherein the

pl 2% al iA neurst network oA claisied & GRim Gswhare the EphesTHetgl fayroq is

pl ural iif ¥ dabpd 9Q&REham Bbth Me sthueiiRl fieu?bh 26 thé anettieradiructural

network as clainmed in claim25, wherein the nunber of

| evel s "®°Fhe plurality of deeper levels is

determ ned by the extent of the nenory or pattern to

beygpr Oﬁf&%ﬁg o BGRIGh pHARY & AR BhNGAHRESSRNIbR, A

pl-ural i el emsn neur ons. 27. A neural network

as cl aﬂﬁ'l‘!ﬂ“ﬁ‘??“@lameﬁ‘? EEBe"PWI%‘?del n the nunber of

el emental neurons and structural neurons required to

esent th j lhe . f

ngﬁ’o ‘it eu e%gﬁ%@ é%/ gg.%eggﬁ%@rﬂkﬁ Qné?é‘ 11 ?Itnléﬁlz P inelrBfs

cl ai rremcmemyluzgw obelergersal pguros ang @n'uralmﬁ éfr-'éi“ﬁ‘”ﬁ‘h?e%‘ﬁ’@

of  they Bleherthl Aelrdd bBing laﬁrettbaixp@wfhenselenﬁnﬁbbwesoand all

associate wi.th ano ructura eur

o1 o BB RBRO R, e 38 Bl o Al e Wi oich they

furtheassstisect ural neuron in the plurality of

structural neurons. V\D 20041114145 34

PCT/ 1 B2004/ 002119 29. neural network as cl ai ned | i

cPi m 2aneuy eP‘%?“’?’ﬁecq"‘EH"F'H% rPIRIRY, G DERFOMRe GREH MREOR By a?

deeper repegatied fyenuript hddréssalge nedetin paimayeur on and the

anot her structural neuron. 5 30. A neur al network

conprising a plurality of neurons || .

a8% oci Atnedisk netypik asnelimghdn glain, az’a‘ﬁheée’? 83&0“&'5 rPlrality oF

31. A RerindlrdTRkedbylasariatibra] abeuions béiag ahleiD bewkpessen

the plurality of neurons includes a plurality of

el enental neurons and a plurality of structural

n@r onA neural network as claimed in claim 33, wherein the piurality 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 neurens,



10 all elenmental neurons being able to express their
el emrental values, and all structural neurons being
WobRh P gXPress a pair of neurons with which EE ’
associ ate. 32. A neural network conprising pl iﬁp%wymnn9
of neurons, each neuron being 15 represented by a
uni que addressable node in an array. 33. A neura

- network as clainmed in claim32, wherein each of the

s neural jghyop,
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plurality of neurons are |ipked by associations, al
neurons being able to be expressed. 20 34. A neura
network as clained in claim 33, wherein the plurality
of 3heurdmsural mdvard@s c@lrmctjmad!armﬁﬁofﬂhemer@ﬁb &F theepluraily of
and a pialfoRs istumceefby Sdobiations, 2l s abidtd betdxprBdRbAl
neurons being able to express their ePenentaI val ues,
and all structural neurons being able to express a
pads OfA naut Gasvord atsh:lahhéd:h daine $6 onsisiocd7awbereB3he Plurality of

udhi aC ll.‘rf]'lc':l gf é!&n&:@{ n&lten ogndcelx rglgsr(] §f2st|58ural

34, where eacE‘ neuron ﬂfs represent etfln ITS tirety
by t he newrgps; &l gletentrirneyrpas ﬁ?mfa?b*e pexpresy their plegrental vaides,

net wor |én@ ﬁmﬂfdcﬁlkdll Beword Béiral dbleyto @kpréttesair 1 naitosy withywhich
each n&} onpr|S|ng at | east one pointer, each
poi nt e GBEFW data el ement of the node; each data
el enment representing a uni que address of a specific

nage i @A deli@ neﬂﬁcfrl@ﬂs cleﬁlﬂ&hm% r%%?clﬁiﬁi@ 36 $°3H, Wﬁ&eiﬂ eBEHUT B
of a pluralit rons, ﬂgY 145

PCT/ | BEYEIY 60 ES ssfepr%%a SRoTHE e Jﬂ BB in
cIain136 wherei n each of the plurality of neurons is

ypkedy g rﬁ%%%rﬂdﬁ@»ﬂﬁ @bll.lram? B 0P Rian glrr&b ke érrgy R&in g

expresse nedral. netwot k as clainmed 'n claim3
or cl aPtipters forpravidibe SXRTERSI0B urality of 5 neurons
includes a plurality of elenental neurons and a

Pt 21 A b ncbhe 4 Uil BOUERNS ity GLETEEAls AHEAR

beln val ues,
str uctb}f@mdﬁmwey,tfepmodaﬂwnq %Pilé"ﬁBV etpoinierpai 1 of
neurons with which they associate. 10 39. A neura

n as_cl ne al 3
r ei é ngtggl neg'y{ 'ﬁ?ﬁseclalg\egu )r(na{;ialp A Owﬁ%rglh Peg\%h gou%tgr ﬂ?i%‘ach node
r epr esesniaing &b yeash ored d @sﬁdu%vm@@iéesrs rpf aﬂofaerr eguronqgnd An
neur al i} edndp U XiuNay dishdithl Redrir al ity of neurons in an
array, the array having ’
43. A neural network as claimed in claim 41 or claim 42, wherein each pointer has

a specific and unique function and represents a synapiic 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 p!uraliiy of stmc{ural 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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pointers for providing expression. 15 41. A neural

web/ika@s clained in claim40, wherein each WI%EOOMEUZIH

represented by a node in an array, each node havi
plurality of pointers. 42. A neural network as clalned
in claima4l, wherein each pointer in each node 20
contains at | east one of: an exclusive address of

anot her neuron, and an elenental value for an

el enental neuron. 43. A neural network as clainmed in
claim4l or claim42, wherein each pointer has a
specific and unique function and represents a synaptic

coggect 4 ‘Pi@uralzﬁet\ﬂtﬂk al\ c&ﬁh@uﬂin ARLMRI & ASmE |4fﬂltmﬂd Rerein the
claim42 ai.m 43 when

R

wher ei @' | RRIETS (dGPegIps ﬁ’@LFF g‘ﬁ'g"ol"r&q"ﬁd%e °r£"e;8‘| tf}’r i eyl
of el emetvosit. neurons and a plurality of structural
neurons; all elenental neurons being able to express
their elenmental values, and all structural neurop

bei7ng el etk ax slalsaed 1n 39K e g i Ghdo Pt wh%m'rehe
they asagGéral Sointdrd for Badheislidh isntleatio.as cl aimed in

clai m 44, wherein except where the pointer represents
t he.value of an elenental stinulus in the elenental
nel8r ond\ negratinetwerks s paimed &y anyene af slimaAt ity whegeigfa function
anot helyr 2K hofter W@ :?éﬁ%h&&éiéde’éi Rfn fhe GRUp b&%&&ﬂd &oam&g,

46. A neural. network as, cl

13 to AU SIHRPHO SRR Mg Trag B, piR R ang
funct i oextpecegopdite@ssosidtidgnettos neural network. 47. A
neural network as clained in any one of clains 41. to
46, wherein the nunher of I’|§0| nters f ? aﬁg neur.on i
2091 cadineuRLIetK B aies 1 arkapeatdaims T i 4. Maere A RRyons
one of aklofhiBecddngtho 47, wherein a function 10 of each
pointer to a neuron is selected fromthe group
consisting of. initiating, assoclatlnqg%| successor,

nB%t s OCeEs assembly @i YSE1In A NOHERl Metalh the, pevraral gssembly

~and  nepmhpriing GASKHlALNG f ndulvd, A sBedciitedgeundn rand 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

aifter the initiating neuron.
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49. A neural network as clainmed in any one of clains 1
to 48, wherein all neurons 15 are of a fixed | ength.

wo 2911 dypeuronal assenbly for use in a neur alPCT/IB2004/002119

networ k, the neuronal assenbly conprising an
initiating neuron, an associ ated neuron, and a

associ ating neuron operatively connected to the
initiating neuron and the associated neuron. 51. A
neural assenbly as clainmed i, claimb50, wherein when
the initiating neuron is activated or fires, the
associ ating neuron is potentiated; and when th

as®oci ab oaurpleaspembly 8s glgimogdn @iy re P ¢lams S0ra, 53, wherein the

associ aédl%ﬂfﬂ&qﬁﬁg"oﬂ the PR cBioRGnd MR Gs@iated dlo@dn & hsed
able to fire. A neural assenbly as clainmed in

clai m STPrWQTaFf"C{eH%“"ﬁssom ated neuron fires at the
sane tlrre as the initiating neuron. 30 53. A neural

asgenb 3l %s% ?as cﬁlrﬁéaai mam 54 Wiefefi e Pﬁbﬁlmal actavat:on or

aSSOClate neur on res ter the initia

VIO 2oozrmae¢1'zpanwms>w1>rsmh? BeFoTaleR BoprO el B crestion of
aSSGrTb|méwaSyrfébt&i [EBshekbn&NYor Othe  @frengthaning &0 ekisting3 synaptic
wher ein tivati

wher e oliCiond Belweth i inflatidd heush &y ho %aédaam%p%u;& and
char actbewieen qh@gssogatgq,neuromaqq@m@pooggg@wrgn as cl ai msd
in claimb54, wherein the proximal activation or

firing,of the |n| i ating neuron an

néfr on A MRYEL &SR ycqsecgqq% BHh LY A éaﬁrgs ? 83 &8 idlein e
connec akwaisingoreutoh gegreseatsgthh sy Mfa’f G,erle@'ﬂt figm Siyn iflieting
connectLBSand s AWe&iidd eutoni t1ating neuron and the
associ ati1 ng neuron and between the associ ated neuron
and the associating neuron. 10 56. A neural assenbly
as7.cl aihmedral assamly an eiainfedch afaims 56 Ovhemirbibe swhdnaiidas pheor
assocl }e%legﬁg 'frgrﬂ tl{eeg‘?&ﬁ)s&ﬂ&sc’tmb 1€ 2SR JW w3324 crdbination of

| earnt from tilating nedron an associ at ed
neur onthe PSP%’?"ceRf ﬁ'@d’i"%ﬂ“"%‘%‘é’ﬁ*b pRd the aﬁ-”l"ﬁ‘?‘ﬁg G @ BPReTY:

- 56, Wharidd seqidhee SieventsICl udes one or

20

30

58. A neural assembly as claimed in any one of claims 50 1o 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:

(a) - activating or firing the initiating neuron fo 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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nore selected fromthe group consisting of: a nenory

wo apg114a4c0onbi nati on of the experience of th%CT/IB2004/002119
initiating neuron and the associ ated neuron, a nenory,

and a sequence of events. 20 58. A neural assenbly as
claimed in any one of clainms 50 to 57, wherein once
the associating neuron is activated to represent a
desired result, the desiredsgesult need not be
recreated in another neuron. 59. A nethod- for
creating an association of neurons in a neural .
n€Pwor R Methpd asalaimd ip &laim g9 heteinhg prRgCiateR NGYraT [SAraied
neur ongy firéy et tefsainb 6mp ks ha linittaiingafeureaur ons 30 bei ng an
initiating neuron, another of the plurality of neurons
bei ng an associ ated neuron, and a further neuron of

t & pl Arregitodyas sfaimesLin clekn % iwhgreln they gssgeintad NaYom s Actigted
t he nebiRs £ONRE infilbitgnel@d. activating or firing the
initiating neuron to potentiate the associ ating

neuron; and (b) activating or firing the associ ated
neair onAtmetipdias klainadddn amdonecf ClairtsOtth 61, vewarie tha tectivgtion or

neur ong,; At | 'R0 ' &l Bted
Lo P ok rb?\/\bﬁe;%‘@%"%ﬁ@fg"é’n Gt %%Téf?’é‘g‘g‘togyg% TOfgﬂac?.gwﬁ e

met hodneyeonds basaden praxipplehapdeisticiher ei n t he associ at ed
neuron is activated or fires at the sane tinme as the

| g.t | af 'rr{égloggg BhedSd nla@& ?ngzinatﬁe EJOQiHI Egﬁﬂ&gﬁloﬁhﬁng of
59, wheréin the assocrated neuron 1S activated 5 or
fires the indiatingheeuron arid2he aesopialgd Gaurop sausss e Frefiog of new
cl ai meginadic @a,y,efg;pﬁ_s,qgr tﬁ% SirdiGthading 6f SdstingVagriagtic) cdnhections,
activation qor .ftiring of t initi n u t
et v el dfe poefie fon 4 ing Soser B eu 6 béen' RE
based assogatathriennah andthe assoeiaingtnedgren. 10 63. A net hod as
clainmed in claim62, wherein the proxinmal activation

or firing of the initiating neur d the associ ated
Fbur orh BENEbes PREE LA B DFRREG '8 PHaybran e sosodbiRd
connegctkiron sspresents e st df whatielsamylran thenitating gewgmanst the
connegllfiifd 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 resuit, 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:
(8) defining events the elemental neurons and structural neurons will

represent;
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between the initiating neuron and the associating
neuron and between the 15 associ ated neuron and the
W 3ej1ddig neuron. 64. A nethod as claimed i
of clains 59 to 63, wherein the-associating %53%2&4502119
represents the sumof what is learnt fromthe
initiating neuron and the associated neuron. 65. A
nmethod as clained in claim64, wherein the sum
i ncl udes one or nore sel ecte d fromthe group
consi sting of a nenory trace a conbi nation of the
experience of the initiating neuron and the associ at ed
neur on, (bl eRsHNE 2 EMred AUBBE A Alemeripl neytoRt. for thedotglgumpger
\Anﬁt hod as clopimid@ vallestdYe ApRsaitecCiopdNRiT drenid and

ere| once_t o) n 0 to
Fopr esdil o et it ARG APdTHE Blos uafy biBbs G
not be recreated in another neuron. 30 67. A nethod of
oRgr at 'Metﬁodﬁ%fa%edﬁﬁ&l%@? AR Qn)?orﬁlowha |p|uFa‘ﬁtyQ:f neurons is
neur ons | ncl ud m@f ggurailtg/ E’m? %I neu -
and a Pi§riaasIagiatss with, sngtbeq, peyr 'h@utP%r’? ralifyy "eH’é’f‘%B'aa ve
conpr i sbmgttionado adedtiennanepndy tha plirdityet sdugoment al neur ons
and structural neurons will represent; WO 2004/114145

39 PCT/ |1 B2004/ 002119 (b) creating a required nunmber of
eB8nenfdnethas s slamet 4 claimd8: wiesp the diber neurn iy Riadfigeper level

val ues iaf bixf e RGBR el thlarfotiier Addrordef i ned events; and
(c) creating a set of rules for association of t he
plurality of neurons. 5 68. A nethod as clained in
cF@i m 87methirieasetizimeshin alaits 65 ort dkimfi%, whpreinythe newrem pesh e

IS abh&ite® nditsiee Altfe WAieliev@not her neuron in the
plurality of neurons via active connections to a

further neuron in the plurality of neurons. 69. A
met. ho dA amsetiwidadsnataimédh indlaiin rB86@&, clail €i9 whereinfile niweri and the

neur onad&e}%@n%@wﬁérﬂgbelslo than both the neuron
and the anot neuron. 70. A nethod as clained in

claim68 or claim®69, wherein the neuron and the
armt heh mvthotd G deireed in dnip@ns aiffelainesvéd to 71, wherein all 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 associalions 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 methed as claimed in any one of claims 67 to 73, wherein each of the
plurality of neurons is one or more selecied 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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15 71. A nethod as clained in claim®68 or claim®69,

wderogiixikhe neuron and the anot her neuron ar @cB2004/002119

different levels. 72. A method as clained in any one
of clains 67 to 71, wherein all elenmental neurons are
abl e to -express their el enental val ues, and al
structural neurons 20 are able to express a pair of
neurons with which they aSSQflate 73. A nethod as
clainmed in claim 72, wherein associations are one or

nore selected fromthe g roug@conm sting of. an
el76me nthanethas aselpinggd in clgim &, wherain dhe mt’ﬁ@s@]g geurom ghe associated

el ementahrom &b Ofe Widsbeidling ticuhUBR! colAbdtstN based on proximal
structural neuron with an elenental neuron, a

struct GrERCHEI®on with a structural neuron. 74. A

nmet hod as clainmed in any one of clains 67 to 73,

wher ei i Lahdy Rfcdid i Q‘iaﬁh‘i 26, Ivinbreaf th@%%mb‘f’ chataciiBti@lare at

nore selected fromt roup consi st

initi ateﬁﬁg’"ﬁefiﬁeﬂlﬁ?‘ab%ﬁ j IBEDSRY 'P@E?F‘@ﬁgg%ﬁf‘“‘é&%‘@gpﬁt i ng

neur on. 30 75. A nethod as clained in claim74,

va@r el o'dnelxst c':laal%écpgu g;ﬁ'ﬁg O bisi n%sb%otﬁ'ﬁt @ﬁereip’ihale Rv@ '3 the

ocCi at"é neuron Vvia actlve connec oo
associ saural getwetkripn deger MM‘MM&BGLW "emork structure if, during

PCT/ | BROQrEIA 2Adk8 stéfs aré\rodiitdasl eqess il eldpsbntalnairdism 75,

wherein the initiating neuron, the associated neuron
and the associating neuron are connected based on
p?&)xi i methoth ag claithed insny ome of ERIMsA4ite ¥ h duthascopIPESIpEd | n

cl ai mgg, hd of & dgfh@)ﬁh:ﬁﬁlngcﬁb@foﬁcﬂoﬁinh&bé @fe Bés8ciding
| east Onhe o terrpora spatial, Intensity, magnitude

and rel atlv’é*"ffﬂs? ion. 78. A r_nst hod as clainmed in any
one of(bgl ai a‘csva‘ﬁeg brdindd the wheciated naurbr paéntiafes ahad actinges e

network is %ﬁ HeJr&Vglle Aokl AdbfontfdH Rkivai&d M dbie to

structure i recol l ection, nore steps are
required tdméxpress the el enmental neurons. 79. A
nmet hod as clained in any one of clains 74 to 77,

(ol £ " R D if Gl ¥S! bk e Reodditd BGlrd'8 cctvated

euron [i’3t €s the assoc! at ng neuron;
and 15)!'@'!9?%@% éhe'ﬂm?ﬂ"ﬂ@e't"ﬁ'é associ at ed neuron
potenti ates and actlvat es the associating neuron, the

aB S oc IAa}nlatﬂgd zra]sec gupngd Enhc?alm %t \I.vi\lleantaiﬁ %ea&goc?a%ue néu?on 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 creaiion 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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fire. 80. Anethod as clained in claim 79, wherein the
associ ated neuron is activated 20 or fires at the

wammhms as the initiating neuron. 81. A net '1%/1%5004/002119

claimed in claim79, wherein the associated neuron Is
activated or fires after the initiating neuron. 25

82. A nethod as clained in any one of clains 79 to 81,
wherein'the activation or firing of the initiating
neuron and the activation or,firing of the associated
neuron i s based on proxi nal characterlstlcs 83. A

met hod as clained in claim82, wherein the proxinal
acl4 vath Bwthed 2§ Flaimeg imany ang of gaims st ip 485 Wf&f%ﬁ&ecﬁﬁ%&ﬁang
t he asseaionk@rsBRs thHesuMadl Hast it Ramckdathe itiatihg meion and the
synaptlgs&ggﬁ%%Hkgns or the strengthening of existing
synaptlg rons between the initiating neuron
and the aSSOC|at|ng neuron and between the associ ated
Negsr on AREinbH s ¥HNel AlddE dACWheRBIn Ws@@@ﬂdﬁéébﬂ@ oft Ihore
PCT/IBZOO4/0021

A ne
P | R an e Mo rasina oo et g Agor R e
r epr es erpesietdeaf thenitekingvhatron ad|tieaassociftedorautdnea memory, and
initiati d the associated neuron. 5 85., A
nethodggg&gﬁgﬁﬁg%a%ﬂ claim 84, wherein the sum
i ncl udes one or nore selected fromthe group
C@psi SIA mghdf as daifedTIr 3hyldna e claitns EIIb isB,altietetn tfe fidiality of

exper i etgg'e?}él rﬂ)eu%ﬁs LAl Eﬁr@één{ég ul;]g%o? VQiqu tﬁeh?eu@ai B&%g,ﬂt &6

neur on a sequence o
nmet hod eagh qjq:r@ﬁrwé @eqrnn aqsp?oméo @n qlﬁnﬁnﬁ% sfggxlqsoorg@ttern each

wher ei BiefnbRalfRtiMiiad bényg féf rep@s@rﬂi’ﬂ@bﬁé of £ b iBpid sBmuli and an
repres neural network, and

each epghgﬁWQﬂ ﬁ@&?ﬁﬂmngﬁ%H%S*?%Fan el enent al

stimulus or pattern, each elenental stinulus being

f8F. I eRiRARALL BGmBH T im 88, ARAdIFihk MRMhatRh igHéhorgnNd an
output stinuli of information bei ng processed. 15 87.

A nethod as clainmed in claim86, wherein the
i 86 Or NnAtmelliodi & deimed \in cB8n 88 aretidio B7awheleli e chrogessing is
clain1§$“g&mflain187, wherein the processing is

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.



expression. 20 89. A nethod as clainmed in any one of

whaidA1fd9s t 0o 88, wherein the plurality of st r#t‘%h‘é&@'mozlw

neurons are represented in a plurality of deeper

neural |evels. 90. A nethod.as clained in claim 89,
wherein the nunber of levels in the plurality of
deeper levels is a iried-by the nt ofl he nenory or
pattern to be processed or gxpressed where a nenory
represents a plurality of elenental stimuli, and each

el emental stimulus is represented directly by
el ¥rentAmethadas saimeddn any ong atelaimsP7-e 9t ‘ahq&% eﬁfﬁl RAUE I

90, whekgrksntcith iRWBely b stigRNIXBE-Rhgth Aotedn Sn akgqui r ed
to represent the nenory is determ ned by a nature of
the nenory to be processed. WO 2004/ 114145 42

PCX. | B2D0ihod 28 TRingdl infanyeni ool clainscbiaton@id whereith gachne the

s of cl aigiRaify’ oft Qutbhs WIELR aRa )Eatﬁ@ ah&Hh&hgl Sointers for prowcri]lng
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represented Iin its entirety by a single, fixed-Iengt
node i PRESAray. 93. A nethod as clainmed in any one
of clains 67 to 91, wherein each of the 5 plurality

0f94neurA°mg tbdPad Baifldd M Ed ggaiumi\,@rnrézﬁh gswamg re.suegugfeesoy a

for provi expressi on as cla
cl ai m @gde WH ensy, ea@hnmmawng Pl efsRaitiers gRph gointer in

node i RaédiRdeEdnBIhingRGRcIisNEadarRYS sTgnéthgngtirghi ty of

poi nters, each pointer in 10 each node containing an
excl usi ve address of another neuron. 95. A nethod as
cl9ai ned methogdias claineddl anyl ane vk cl@ms 66 1o, witgrein@ll neypis are of
neur ong sddergth. @ fixed length. 15 96. A conputer
usabl e nedi um conprising a conputer program code
configured to cause one or nbre processors to execute
08& or Amomputéruiseble orgiutnocopprifing ancomiuter petgraodl cerleatontigitred

in cl aio'ﬁ}y& crnte%r %re p?gcesﬁrg‘i%l&ﬁutenﬁlb\ﬁp FlreArancibiy tﬁ‘ﬁgrfdrﬁ\

any one o ai s 49, wherein the neura

net wor fheimethgd clgimed d‘l ‘f"'i‘i'i‘i"é p7 to'€5.

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

29, 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.



A neural network wherein the neural network is
bi-directional and is enabled to operate in a forward
wh bRGh Qs Where output is derived from events, ﬁﬂgzdoi}oozlw
a reverse direction where events are derived

output. 99. A neural network as clained in claim98,
wherein the forward direction is learning, and the
reverse direction is expression. 100. A neural network
as clainmed in any one of clajns 1 to 49, 97 to 99,
wherein the 30 neural network stores associations and
not data. 101. A neural network as clained in claim
10102. wHerasiah netwerk-asuglaiines Bt GiRimii 00 1o S5l 1 9k wvhsEaitt e feural
Wi t hi n nBbikes riféed)for HE OF infird @ﬁi‘monmﬂng%é/ Plédﬁlﬁ'@ 5’493'( price
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