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NEURAL NETWORKS AND NEURAL MEMORY 

[0001] This invention relates to neural networks incorpo 
rating sum and threshold devices and in particular, but not 
exclusively to such netWorks capable of functioning as a 
neural pattern matcher. The invention also extends to sum 
and threshold devices for receiving Weightless synaptic 
inputs and a Weighted threshold value. 

[0002] The apparatus and methods described herein may 
usefully incorporate, utilise, be used With or incorporated 
into any of the apparatus or methods described in our 
co-pending U.K. Patent Application No. 97267520 or our 
co-pending PCT Patent Applications Nos. PCT/GB98/ 

, PCT/GB98/ , PCT/GB98/ , (Our ref 

erences 03-7127, XA1154, XA1156 and XAlOOO), the 
entire contents of Which are incorporated herein by refer 
ence. 

[0003] Terminology 
[0004] The term “Hamming value” is used to de?ne the 
number of bits set in 1-dimensional arrays such as a binary 
number, tuple, vector or 2 or higher dimensional arrays, that 
is the number of 1’s set. The Hamming value relationship of 
tWo binary numbers or arrays indicates Which has the greater 
Hamming value or Whether the Hamming values are the 
same. 

[0005] The term “Weighted binary” is used in the conven 
tional sense to indicate that successive bit positions are 
Weighted, particularly . . . 16, 8, 4, 2, 1 although other 
Weighted representations are possible. “Weightless binary” 
is a set of binary digits 1 and 0, each representing just “1” 
and “0” respectively. There is no least signi?cant bit (LSB) 
or most signi?cant bit (MSB). The set of bits may be ordered 
or Without order. If all the 1’s are grouped together e.g. 
[111000] then the code is referred to as a thermometer code, 
thermocode or bar graph code, all collectively referred to 
herein as “thermometer codes”. Equally, the term thermom 
eter code is used broadly to cover 1 or higher dimensional 
arrays in Which the set bits have been aggregated around a 
pre-set focal bit, Which may be anyWhere in the array. 

[0006] A set of Weightless bits is referred to herein as a 
“Weightless tuple” or “Weightless vector” and these terms 
are not intended to be restricted to ordered sets. 

[0007] In traditional neural netWorks, a real-valued syn 
aptic value is multiplied by a synaptic connection strength or 
Weight value, and summed With other similarly treated 
synapses before they are all summed and thresholded to 
form a neural output. The Weight value is a real-valued 
synaptic connection strength and hence the common usage 
of the term “Weighted neural network”. HoWever, it is also 
possible to have binary RAM-based neural netWorks that do 
not employ real-valued connection Weights but instead rely 
on the values of the binary bits being either 0 or 1. Accord 
ingly, there are tWo contexts of Weightlessness: Without 
synaptic connection strength, and Without binary code 
Weighting. The arrangements described herein employ 
Weightless binary manipulation mechanisms and may be 
used to engineer Weightless arti?cial neural netWorks, oth 
erWise referred to as Weightless-Weightless arti?cial neural 
netWorks. 

[0008] In one context, this invention is concerned With the 
comparison of tWo Weightless vectors in terms of their 
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Hamming values. This process is broadly equivalent to the 
function of a binary neuron. If the neuron receives a vector, 
A, of Weightless synaptic values (eg [10110010]), and a 
vector, T, of Weightless neural threshold values (eg 
[00101000]), the neuron may be required to ?re because the 
Hamming value of A is greater than the Hamming value of 
T. In this example, the threshold, T, can be thought of as a 
set of inhibitory synaptic values Which must be exceeded if 
the neuron is to be ?red. The neural netWorks, devices, and 
techniques disclosed herein may be used in ?ight control 
systems, voting systems With redundancy, safety critical 
systems, telecommunications systems, decision making sys 
tems, and arti?cial intelligence systems, such as neural 
netWorks. 

[0009] According to one aspect, this invention provides a 
neural netWork comprising:— 

[0010] an array of bit memory means de?ning a 
neural memory for storing binary bits representing a 
plurality of exemplars, 

[0011] an array of sum and threshold devices each for 
receiving as inputs respective bits from said bit 
memory means and for providing a preset output if 
the sum of said inputs exceeds a preset threshold, 
thereby to obtain a generic template representing 
said exemplars, and 

[0012] means for comparing or correlating a set of 
input data With said generic template and providing 
an output representative of extent of matching 
betWeen said set of input data and said generic 
template. 

[0013] Preferably, said neural memory comprises means 
for storing a plurality of 2-dimensional data arrays. The 
neural netWork preferably includes means for presenting 
said input data in parallel to a data plane for correlation With 
said generic template. The means for correlating preferably 
comprises an array of logic elements. In a preferred embodi 
ment the netWork includes further sum and threshold means 
for comparing the sum of said correlation results With a 
threshold and for providing an output representative of a 
match, if said sum exceeds said threshold. 

[0014] The sum and threshold devices may take many 
forms but the, or at least one of the, sum and threshold 
devices preferably comprises a Hamming value comparator 
made up of a plurality of interconnected bit manipulation 
cells, each bit manipulation cell being operable to effect at 
least one of a bit shift and a bit elimination operation. 

[0015] In another aspect, this invention provides a device 
for providing an output representative of a sum and thresh 
old function performed on a Weightless input and a threshold 
value, Which comprises means for converting said Weight 
less input into thermometer code (as herein de?ned), and 
means for monitoring the bit at a bit position corresponding 
to said threshold. 

[0016] In a further aspect, this invention provides a neural 
netWork comprising:— 

[0017] an array of bit memory means de?ning a 
neural netWork for storing binary bits representing a 
plurality of exemplars, and 

[0018] an array of sum and threshold devices each for 
receiving as inputs respective bits from said bit 
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memory means and for providing a preset output if 
the sum of said inputs exceeds a preset threshold, 
thereby to obtain a generic template representing 
said exemplars. 

[0019] Whilst the invention has been described above, it 
extends to any inventive combination of the features set out 
above or in the following description. 

[0020] The invention may be performed in various Ways, 
and, by Way of example only, various embodiments thereof 
Will noW be described in detail, reference being made to the 
accompanying draWings Which utilise the conventional sym 
bols for logic gates and in Which:— 

[0021] FIG. 1 is a schematic diagram of a sum and 
threshold (SAT) device; 

[0022] FIG. 2 is a diagram of a neural netWork for 
processing data in accordance With this invention; 

[0023] FIG. 3 is a diagram of a sum and threshold element 
With Weightless synaptic inputs and a Weighted binary 
threshold; 
[0024] FIG. 4 is a diagram of a sum and threshold element 
of the type in FIG. 3, employing a thermometer code 
converter; and 

[0025] FIG. 5 is a diagram of a bit manipulator cell used 
in the thermometer code converter of FIG. 4. 

[0026] The embodiments described herein make use of 
sum and threshold devices, Which may take many forms. 
Examples of novel Hamming value comparators Which may 
serve as sum and threshold devices are described in our 

copending UK Patent Application No 97267520 and our 
copending International Patent Application No. PCT/GB98/ 

(Our reference XA1154). Alternatively, the sum and 
threshold detectors may take the form of a binary thermom 
eter code converter of the type described in our co-pending 
International Patent Application No. PCT/GB98/ 
(our reference 03-7127) With a suitable output selector, as to 
be described beloW. The Hamming Comparators and Binary 
Code Converters described in these documents have the 
advantage that they can be implemented asynchronously, 
and thus be robust, fault tolerant and highly immune to 
RFI/EMI effects. HoWever, of course, conventional sum and 
threshold devices may also be used in carrying out this 
invention. 

[0027] Referring noW to FIG. 1, neural data and a neural 
threshold are supplied to a Hamming value comparator 10 of 
one of the types discussed above, Whether of one, tWo or of 
greater dimension. The input and threshold tuples are 
Weightless. The output of the comparator 10 indicates 
Whether the neural data has exceeded the neural threshold. 
The output is then vieWed as the single output of the 
comparator or neuron Which is taken to have “?red” if the bit 
has set. In this sense, the Hamming value comparator 10 acts 
as a binary neuron. 

[0028] FIG. 2 shoWs an embodiment of a neural pattern 
matcher 12 Which uses an array of sum and threshold 
devices, Which may be those of the type just described, or 
any other suitable SAT element. For ease of visualisation, 
this is illustrated as a 3-dimensional array, comprising a 
neural memory block 14 of dimensions W><d><m, Where ‘m’ 
is the number of bits in the digital input Word, ‘W’ is the 
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number of bits in the Width of the input pattern and ‘d’ is the 
number of exemplars in the neural memory. The arrange 
ment of neural memory is referred to elseWhere herein as 
neuroram. 

[0029] The 3-dimensional array further includes a ?rst 
sum and threshold region 16 (otherWise referred to as SAT 
columns) made up of (W><m) SAT devices 18 each marked 
SAT1 having d inputs (only one of these shoWn for clarity). 
Beneath the sum and threshold region 116 there is a corre 
lation plane 20 made up of (W><m) 2 input EX-NOR gates 22 
each of Which receives an input from an associated SAT1 
device 14 and an input from an associated data plane 24 
Which, optionally, may be held in separate bit memories 26. 
The outputs of the EX-NOR gates 22 in the correlation plane 
20 are passed horiZontally to a second sum and threshold 
region (referred to as a SAT plane), Which consist of a single 
SAT2 device 28 With W><m inputs. 

[0030] Respective thresholds T1 of up to d bits are sup 
plied to the SAT1 devices 18, and a threshold T2 of up to 
W><m bits is supplied to the SAT2 device 28. 

[0031] In use, incoming digital data is encoded using a 
unit Hamming distance code such as thermometer code, 
Gray code, or is in the form of a half tone bit map etc. Data 
for training (or for recognition after learning) is presented in 
parallel to the input of the data plane 24, or sequentially 
using a planar shift register (not shoWn). Optionally, the 
coded data may also be scrambled With a binary key string 
using EX-OR gates. The neural memory is programmed 
With ‘d’ exemplars each of W><m bits Which can be prestored, 
learnt in a separate training routine, or adaptively altered 
during use. 

[0032] The thresholds T1 and T2 determine the learning 
rate and quality factor of the neural pattern matcher/neural 
?lter and are set according to ?xed values, eg 66%. 
Alternatively the threshold may be adaptively set to deter 
mine the irritability (?ring rate) of the system. Thresholds T1 
and T2 may be thought of as a control over the degree of 
con?dence attached to a match. 

[0033] In considering operation of the device it is helpful 
to consider the action of one of the SAT1 devices. If the 
threshold T1 for that particular device is set at 66% of the 
number of exemplars (e.g. T1 is 8 if the neural memory is 12 
bits deep), then the SAT 1 device Will provide a set bit or 
“?re” if there are more than 8 bits set in the column of neural 
memory above it. If T1 is raised, then the SAT1 device Will 
not ?re until a greater proportion of the bits in the memory 
above it are set; in other Words the degree of similarity of the 
bits in that column must be higher for the SAT1 to ?re. 

[0034] The outputs of all the (W><m) SAT1 devices may be 
considered as a generic template against Which neW data in 
the data plane is compared. 

[0035] The threshold T2 is an indicator of the degree of 
con?dence insofar as the greater T2, the greater the number 
of correlations there have to be betWeen the input data plane 
and the generic template plane for the pattern to be accepted. 

[0036] The update of the neural memory can be “super 
vised” during a training phase in Which “d” exemplars or 
patterns of the required class are presented to the system and 
the neural memory then froZen. Alternatively, the update of 
neural memory can be unsupervised, so that the system 
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continuously learns or adapts to incoming patterns after 
some initial patterns have been fed in. Initially it may be 
Wise to set the neural memory to random values When used 
in an unsupervised mode of training. To prevent drifting, a 
portion of the memory may be made “read only”. 

[0037] In this arrangement, the array may be regarded as 
a pattern matcher, or a category or class correlator. It is 
analogous in some respects to a cortical column in physi 
ological neural systems, and a group of arrays or neurorams 
is analogous to a cortical map. A group of neurorams can be 
ordered linearly or in planes. Planar arrangements can be 
formed from sub-patterns of neurorams, such as triangles, 
squares, heXagons, etc. The array provides a hardWare 
embodiment of a neural auto-associative memory. 

[0038] As a modi?cation of the sum and threshold tech 
nique described above, a Sum and Threshold element has 
been designed that accepts a Weightless binary input and a 
Weighted binary threshold. This Sum and Threshold element 
utilises a thermometer code converter, for eXample based on 
the thermometer code converter array described in our 
copending UK Patent Application 97267520 or Interna 
tional Patent Application PCT/GB98/ (03-7127) and 
the appropriate output or outputs of the array are monitored 
or processed in accordance With the value of the threshold. 

[0039] FIG. 3 shoWs a general arrangement of a sum and 
threshold element With Weightless synaptic inputs and a 
Weighted binary threshold. N Weightless bits are supplied to 
a thermometer code converter 30 to obtain thermometer 
code N, which is passed to one or more selectors 32, each 
of Which also receives a respective Weighted threshold value 
T1, T2, etc. The selector 32 decodes the Weighted threshold 
value and looks at the appropriate bit position in the ther 
mometer code N, and if set (indicating that the thermometer 
code has a Hamming value greater than the speci?ed thresh 
old), the selector sets its output bit to indicate that N>T. 

[0040] FIG. 4 is a circuit diagram of an eXample of a sum 
and threshold device having eight synaptic inputs and a 
choice of four thresholds. The device comprises a thermom 
eter code converter section 34, made up of 2-bit manipulator 
cells 36 of the type shoWn in FIG. 5. The 2-bit manipulator 
cells each comprise an OR gate 38 and an AND gate 40, 
interconnected such that inputs a,b map to outputs Ya,Yb as 
folloWs:— 

[0041] Ya=A OR B 

[0042] Yb=A AND B 

[0043] It should be noted that in the device of FIG. 4, 
there are eight inputs, thus requiring odd layers nominally of 
four 2-bit manipulator cells 36 Wide and even layers nomi 
nally of three 2-bit manipulator cells 38 Wide, making up 
eight layers in all, although the ?fth to eighth layers have 
been truncated in this case. 

[0044] The thresholds in this eXample are I>6, I>5, I>4 
and I>3, meaning that only the fourth to seventh outputs 
(from the bottom of the array as vieWed) are required. 
Because of the truncation, the ?fth to seventh layers include 
AND is gates 42 at the loWer truncation boundary, and the 
seventh layer includes an OR 44 gate. 

[0045] The output of the thermometer code conversion 
section 34 passes to a Weighted binary selector 46 Which acts 
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as a threshold decoder. Such devices are already knoWn for 
use as binary multiplexers or logical selectors. In this 
eXample, Which alloWs selection of one of four threshold 
values 3, 4, 5, 6, the selector 40 comprises tWo Weighted 
inputs 48, 50 Which are each connected to the inputs of 
3-input AND gates 52, the other input of each AND gate 
being a respective output from the thermometer code con 
version section 34. Selected terminals of the loWer three 
AND gates are inverted, and the outputs of the AND gates 
pass to an OR gate 54. Different permutations of 0’s and 1’s 
applied to the Weighted inputs select different bit positions 
at the output of the thermometer code conversion section 34. 

[0046] The selector 46 has the folloWing mapping:— 

Thermometer Code 

T1 T0 Bit Position 

0 O 4 
O 1 5 
1 O 6 
1 1 7 

[0047] Thus if the Weighted input is (1,0) the device Will 
?re only if the Hamming value of the Weightless input is 
greater than 5. 

[0048] If tWo or more thresholds are to be determined, 
then further Weighted binary selectors could be connected to 
the output of the thermometer code converter, as shoWn in 
FIG. 3. 

[0049] It Will be appreciated also that the circuit could be 
simpli?ed to respond to a given speci?c threshold; in this 
instance a binary selector as such Would not be required and 
instead the output of the thermometer code converter cor 
responding to T?Xed+1 Where T?xed is the ?Xed threshold, 
Would be the output. 

[0050] The devices described above provide robust hard 
Ware implementation Which is fault tolerant due to its 
Weightless techniques. 
[0051] In general, the implementation of the above 
arrangement is technology independent; electronic, ionic, 
magnetic or electromagnetic (e.g. optical) implementation 
are all suitable. 

1-7. (Cancelled) 
8. A device for providing an output representative of a 

sum and threshold function performed on a Weightless input 
and a threshold value, Which comprises means for convert 
ing said Weightless input into thermometer code as herein 
de?ned, and means for monitoring the bit at a bit position 
corresponding to said threshold. 

9. A device for providing an output representative of a 
sum and threshold function performed on a Weightless input 
and a threshold value, Which comprises a converter for 
converting said Weightless input into thermometer code as 
herein de?ned, and a monitor for monitoring the bit at a bit 
position corresponding to said threshold. 

* * * * * 


