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This invention relates to digital neurons, and to neural
networks comprising a plurality  of  such neuronsy
particularly but not exclusively for pattern recognition. -

A neuron in this context is a circuit (realised with
electrical or -optical components) which receives a
plurality of inputs and produces an output corresponding
to a function (eg the sum) of the inputs each WeightEG by
a respective weighting factor, derlved during a training
phase. '

Attempts were made to inter-connect such neurons in

layers, the output of one forming an input to another, so

as to form a net. However, it was found that the effect
of so doing was exactly equivalent to that of a single
layer of neurons, unless a non linear compression stage

- was included between the layers.

In the implementation of neural networks, there is thus
generally a requirement for non-linear activation function
at the output of each neuron?. This may take a number
of forms, including the simple threshold function, but the

most popular activation function is the sigmoid function,

given by:-

y=_ 1 (1)

In



i npl enentations of neural nets, the non-linearity is usually inplicit
I n one of the other neuron operations, for exarrpl e in the anal ogue i
multiplier2, or by allow ng the anal g summ ng anplifier to go |nto) o,
saturation and 'hit the rails'3. ~®#nlUs the nature of. the non-1ineéar

- function is rather uncontrolled. In digital Very Large Scal e .
I ntegration (VLSI) inplenmentations, by cont rast the activation function
can be specified with arbitary preC|S|on ~ nunber of p055|b| lities

st f t th d b ted b '
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is an 8 bit ﬂwvtamog §umnq Iaﬂ@ﬁmrs%er@ vm?d tiénCdn4 Bytes of

menory: this IS cleari | npractical in ternms o ‘1 con area required, for

each neuron d¥ts thes Talds! at néhWGr khej prtre, 9F at%‘ét Reftdlineals a very

| ar ge nunberfgmf:tmljrignsatheawmmhtmnam ve woul d be to use a piecew se
| i near approxi mation schene, in which the breakpoints are stored in

menory, and table | ookup.is conbined with Ii near . i nt er pol ati-on. Accor di ng
to the inverlin ondigitad |qumowIdn'gea rSealel [Endegratdoncon{VL8slng nmeans for

receiving a’iﬂpﬁ@h@nﬁ%&@% by contrast, the activation function can
be specified with arbitary precisio:__x_._. B number of
possibilities exist _for evaluat-:ing;' the function of ‘eqn.
1. It ‘could be evaluated by summi’ng a 'trimcai:e& series
expansion, which is. likely te be slow in terms of
‘computation tme, or by using a table look—up schene in
which the y value (output va_lue) associated with each x
-(input value) value is stored in memory (eg Random Access
Memory (RAM) or Read-only Memory (ROH)). and the X value_
is used to address the memory. If x is a 16 hit ‘number
and y is an & bit number, a simple look-up_ scheme would
réquire 64 K Bytes of memory: this is clearly impractical,
in terms of silicon area required, for each neuron of a
VLSI neural ‘network since such a network needs a very
large number of neurons. One alternative would be to use N
a piecewise linear approximation scheme, in which the .
breakpoints are stored in memory, and table lookup is
combined with linear interpolation.

N

According to the invention there is provided a neural
processor c_omprising means for receiving an' input signal
"and means for producing a digital .ou'tput-' * signal
corresponding to a function of the input signal and a . iy
weight 'vector associated with the processor, further
comprising means for applying a non-linear function to



and neans for producing a digital output signal corresponding to a
functiorr of the input signal and a weight vector associated wth the
processqr, further conprising nmeans for applying a non-linear function to
-3-’Sai&ﬁoutput signal to produce a digital, conpressed out put. signal
wherein the function consistgsof a plurality of inglined |inear segnments
with different slopes, the?§ﬁ0pe of each said segnent being equal to an,
where n is an integer and a is the base of the digital output signal. This

met hod of executing the tivatiaon function can.bg realised as a,._ .

conbi nati on of a S%‘{' °H€ﬁ§eﬁ%8¥‘§£i_tr?plp€°¢% % 5&9 ' 'l( M@?PP@ g‘f’%&s)
requiring no | argesignal agherein cther funption iconststs udfit & opluraidtipenge using
| ess silicon area.y,..3Gakhk Mhi.Q..t LEf eraent sslapes, i Sy hi.eve by

| eft or right |ogi jé%(ﬁq@%‘??glsntegf n%@n@hg' éﬁ%gegigfeg%%gvgf@%f 9?? ia%ﬂgl%nary
atithnetic). It isof neasly caaify segrenti dedng sequalndr aipprberentni ds aded to

i npl enent A-l aw COf{fRAQEr %-dfgrif{hg%aggde;fr I}[gg%ﬁiwpd&% nﬁhj&n&%ﬂs 4. Qther

aspects of the invention are as claine escri bed he
advant ages which will be apparent fromthe foll owi ng. One enbodi ment of the

invention will nownpie inethod r 6f céxech¥imp)ihef aexdvation fuhétioneicanhemee to
the acconpanying realised as a combination of a small 'mn'nber-' of simple
logic gates (and shift stages) requiring no large storage
table or repetitive calculation, and hence using less
silicon area. ISGaiing to the different slopes is easy to
achieve by left or right logical shifts since the slopes
are powers of 2 {in binary arithmetic). It is inspired by
the plecewise linear approximation used to implement A-law

companding- for Pulse Code Modulation (PCM) systems 4.

~ Other aspects of the invention are as claimed or described
- herein, with advantages which will be apparent from the
following. |

One embodiment of the in'ventibn; will now be illustrated,
by way of example, with reference to the accompanying
drawings in which: '

Figure 1 shows séhematically a generalised digital neuron
known in the art; |

Figure 2a shows the gemeral form of the sigmoid excitation
function, and of a standard piecewise-linear A law curve;

- Figure 2b shows an exemplary function curve according to a
preferred embodiment of the invention, and the sigmoid
excitation function; ' ‘



drawi ngs in which: Figure 1 shows schematically a general i sed d| gi tal
neuron known in the art; Figure 2a shows the general formof the sigrpid :
excitation function, and of a standard piecew se-linear A |law curve; %I gu,re o
2b shows an exenplary function curve #ctording to a preferred embodiffent of-
the invention, and the signoid excitation function; "Figure 3 shows
schematical ly part of -one exanple of .a-Circuit for gerating a nonli near
function in a neuron according to the invention; Figure-4 shows

schenat i cal | yPigure f 3r isheows p@hmattﬂallyh@arexaﬁploaey example tof Fagure. 5 shows
part of the ¢ [ WS . one
exanpl e of a c??%ljiﬁ t%oﬁ%ﬂ?é#r%gaﬁ emen of 't gim rcwafe'%u lgure 5; and
Fi gure 7 showscardingctethe i’éﬂenﬁg@?\/\nth t hat shown in Figures 3-6, for

generating the gradlent ‘of ‘the function shovvn in Fi gure 2b. Referring to -,

Fi gure 1, ad| I tal ron well knowim)nthe art  conprises. _at |east one:

i nput  [err] fHEUR 14or R i e@%"cﬁ? utd a@é’éﬁ*’&?ng}“ﬁ 1% $BRbe of a
wei ght [er lekemplary cimcuit; L

Pigure 5 shows part of the circuit of Figure 3 in greater

detail' '
- Pigure 6 shows one example of a circuit comprising an e

element of the circuit of Pigure 5; and . ) | N

Figure 7 shows a circuit, for 'use" "v'li'th' that 'shown in
Pigures 3-6, for generating the gradient of the function.
shown in Figure 2b.

' Referring to Figure l, a digital neuron well known in the

" art comprisés at least one input (x K'z',_ Ky eoeeen
xn). means for scaling each input according to the value

~of a weight (wl, Vpr W3 ...l W) a
processor P which produces a binary digital output ! which B
is a function (e.g. the sum) of these scaled or weighted

inputs. - . o u

As discussed above, it is also in general necessary to

provide means € for applying a non linear function to

compress the range of the output I, to give a compressed

output I. This (together with other neuron outputs), is
" connected to form an input to a further neuron.

puring a- training phase, training data 'sig'nall vectors are
presented as input to the neuron, and the weights. are
altered (eg incremented) in dependance upon, amongst other
things, . the derivative of the (compressed) output by
training means (not shown).



processor P whicch produces a binary d| gital out put Y which is a function
(e.q. the sun) of these scaled.or weighted inputs. As discussed above, it

i $ also §n general necessary to provide means C for applying a non |inear
function To conpress the range of the outpu$ <Y, to give a conpressed out put
|. This (together with other#neuron outputs), is céntiected to form an
input to a further neuron. During a training phase, training data signal
vectors are presented as input to the neuron and the weights are altered

(eg increnented) inpdeRendaessl %@@rﬁéﬁt@g&t 19t Mehhlmeewiééwmé&“ vative
of the (corrpressgdif out put by tr lnlag@d g {;ﬂ% %Rav“ | n_our
initial experiment W £ Sm?ﬁ? ppee | {S9E, 8% 0f N Wseq
scal ed such that vehtput ot daurthe Quadnget -8 to +hcmappede tod valmes 8 ofapped
i gnoi d functi on CoRgresgedrllepts’ 3, 9 gl IABoR 8kl uh,| b, WRRGRIES | 7
conpari son the si gkbéedsigmoidi funckfiongn.Pig. Thehows a@r plok afh&hei 8cadeds e
oo ST | oALERE Blipfotha K GHEBESIGE b sipidl, GRS or
performwel | when @8Rd %o %‘h%mtmtaf— ¢B9e91$§?’iﬁﬂ)tlﬁwr( priaw cueve\dsks
using the BaCkpr@ﬁﬁmhb@n il ORekérefice 4, for example.  However,
o simulations using this approximation indicated that it did
_not perform well when used to train Nulti-layer Perceptron
(MLP) networks using the Backpropagation A-lgorithml.
This is because in the region around x=0, the first
derivative ( slo_pé_-)'}' of the A-~law linear curve is much
- higher than that of the sigmoid function. As a result,
- when the sigmoid was replaced by the A-law curve, the
training was unstable, and failed to converge. It could
be made to converge by reducing the learning ratel, but
this resulted in very long learning times compared to
simulations of the same network utilising the sigmoid
function. It was found that the A-law curve could however
be used. in the recognition mode for nets trained (i.e.
weight values derived) using the sigmoid function without
serious degradation in the performance of the net.

A modified curve was therefore developed, similar to the
A-law curve in that the gradient of each section can be
expressed as a power of 2. This curve, shown in Fig. 2,
has only 7 segments and is a better: approxiniatipn to the
sigmoid function, which is also shown in Fig. 2 for
comparisonh. Note that at x=0 the modified curve and the
sigmoid have the same gradient (=0.25). Table 1 compares
the breakpoints of the A-law and the modified curves.

The breakpoints are conveniently at input values which are
pwers of 2; this enables the particular segment of the
curve to which a given input value corresponds to be
determined from higher order bits alone. '
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of %, aimed at mapping a 16 bit 2'g complement 1nput value
| (I ~I,c) in the range -8 to +8 to an g bpit 24 s
'complement output value (R Ry ) in the range 0 to 1. v
| The negative half of the function corresponds in a obvious |
- fashion. This could ‘be used in a - éigital ' newrai net
. . System with 8 bit data word representation, which allows
 an additional 8 bits internal to each newron for bjt
~ growth.

al one.

One possihle hardware implementation of the truth table of
Table 1 is shown in Fig. 3. This consists of a ' 'most
significant 11 selector circuit 1, uhich takes the most
significant bits Iy 14 of the neuron - output = as
input, and outputs a 4 ‘bit word Yll !14 containing al

at the position of the most significant 1 in the input, or o/

else outputs ¢ where there is. no 3 in '111 Il4
Signals 211 214 of the neurorn output are decoded to
produce compressed output bits R4 g+ - Bit Rsél_
because the output is always greater than 0.5,  in the
positive quadrant of the function (shown in Fig, 1) ang
bit R7-0 because the output is alvays positive,. R, is
. therefore ignored (at this stage). ~ 8ignals ¥0- P
are also used to control a shifting cireuit 2 comprising a
bank of 2:1 multipleger circuits 2a, 2p, 2c, which :
controllably . shift bits. - of" the

LY



-6- Sinulation* of *the MP W|th <20 % tion using the nodified
pi ecewi se |inear approximation indicates that'it gives conpar abl e
performgnece to sinul ati ons based. on the true signoid, and is.thus useful
in trainable neurons and nets thereof. Table.2 shows a possible truth
table: for. the nodified piecewise |inear function corresponding to positive
val ues of x, aimed at mapping.a 16 bit 2's conplenment input value [err]

in the range -8 to +8 ts) “an 8 bit 2's conplenment output value

[err] in the rangﬁ?ousé#ashl Eﬁvfﬁ%%‘e"%@ 3 %z%fert Eﬁmﬁfzn‘&%@h&o@utgut

corresponds in a o - cou e use dr gl

neural net systenbitgh B Ry daﬂ'bﬁ&ﬁor@“ﬂé}i’]ﬁéﬁ% at fgmechini Eheal PERAS an
addi tional 8 bits 5??’% %pat td %nsasﬁtpﬁeuwrtnef ebn@dl gigniih is Ve @ssi bl e

har dwar e i npl ement on of the truth tabeof Tabl j s shown in Fig. 3.
This consists of athenswer Fight : inpyk: to the Hubppp ot PF’ﬁJcﬁel‘ |, which takes

the nost significant ‘bits [err] of the neuron output ‘as input, and
outhuts 88 D1 ORll o Shot Mgl ety sl D SRR TR S Y |
[err] Signals Yllgb’ﬁét'aldtﬁedthe coven dbothopositivearand dmgaﬂé%tmh@duce
e or B I g7 R, e Bt 4 YR g i 1 05

' the input is 2's complemented by a flrst complementing
means 3a before being applled to the circuit of Fig. 2.
The compressed output of the circuit of Pig. 2 (i.e. bits.
R RG) is also passed through second 2's complementmg.
means 3b, which has the effect of mlrroring the activation
curve about the line y=0.5, and results in the correct
value being output for negative inputs. FPor positive
inputs, both 2's complement circuits 3a, 3b are bypafs'se_di.._
I,; is used as a control bit to switch 3a and 3b in or
out. One's complementing could also be used, at the
expense - of a slight loss of accuracy, allowing simpler
logic implementation of circuits 3a and 3b.
Referring to Pigure 5, the 'select most signiflcant 1!
circuit takes I 11754 38 input, and outputs a bit word
| ¥,7T94 containing a 1 at the position of the most
Nt significant 1 in the input, or else outputs 0. This can

be described by the following truth table:-

N

Table 3
Iy I3 Lip I Yy T3 Iy Iy
o o o o]lo o o o
o 0 o6 1106 -0 o 1
o o 1 xlo o. 1 o
e -1 x =2l 1 o o
1 X X X 1 0 0 0

(X = don'f care)



bit [err] because the output is always positive. [err] is thérefore

ignored (at this stage). Signals are also used to control a shljtl ng
circuit 2 conprising a bank of 2:1 nultiplexer circuits 2a, 2b, 2c, 7,_W‘II ch
~controllably shift B 8s- of the : i nput

word to provide the | ower order conpressed output bits J[err] These -
mul tipl exers connect the [err] right input to the output if the control
signal is 0, and the |ower right input to the output otherwise. Fig. 4

shows one waghis méy che timplenentedt inf aFhgube oFnwhgs Jeprmiduige to cover

hognt oo, ' anduBlchdiBaRdn’ 3o SheRC 18 pourel b Lobdsh B ERS BaAG he i hg
neans 3a bef dae BBi-ndeaphdi showno inhéhis rfigure ohadi two 2inpthe; cawpr essed

Cu bt o o ndnphe oyl Ao e gkt B DL RLT | AndfealleR® oARREY (I OU0h
activation clheee ahiYGt b@ﬁe amnnor[eesﬁgni:fﬁqames(preuom)t hts dapuect value
bei ng out put §_gor iyg |@@utng I{@,Srgo?l,il Ve ghoPUinddu ﬂ)tﬂ .

conpl ement ci rcuit. "' 3b-arée b used as: con?rol bit to

switch. 3a an&¥8ph ‘M’PBFs'out!i ang,cPg. cofPee #thgtabé@ulﬁpl‘al éaclhe used, at
the expense gbdml@j,agig M;@ug;f- accur.acy, aI I OW Nng Ssi rrpl er _

,Tahle_é
Pin " Ly | By T
o 1 11
1 0 1 0
1 1 1 1
The required functions are thus; P* g = I g *P'oin
(=1'g . P s+l
~as shown in
Figure 6) _

ndy ¥y = Trge oy

(= I's*'P‘s-l?l'- .
as shown in

Figure 6)



| ogi ¢ inpl ementati on of circuits 3a and 3b. Referring to Figure 5 the
‘select nost significant 1' circuit ‘takes [err] as input, and outputs a bit
word;[%wij containing a 1 at the position of the nost significant 1
in the input, or else outputs 0. This car §e descri bed by the foll ow ng

truth table:- Table 3 [err] (X = don't care) This may be inplenented in
a nunber  of ways. A nodular inplenentation is shown in Figure S. Each-of
the nmodules la, Ibic, | d shown in this figure has two inputs; an input

[err] and an input [err] -indicates whether there have been any nore
significant (previous)l 's input. (.e. . [err] if any [err] . _ where
[err] Bach nodul é'hhﬁss%“%lﬂnﬁuﬁiﬂ}iﬁe[ @*Rl]emLWi‘j’{‘rQé I‘F?cl‘aﬂﬂ@lef & each
nodule is as foll qxhwr1e,_Ta1de_eu§ir{gemok,“Tng_amreﬁuumggéwsmsheﬁs i pighee; P =
Lerr] [err] as ghowngi o 4dhfeaty® Snivaibhe (Tirtfidd are eastiy |
derived. As can be seen in Figure 5, PIS is set to 0,
and Py, is a signal that is 0 if nome of the inputs
'111'114 are equal to 1 '
A further feature of the invention is that from 6utputs:
Y,,-¥;4 and P;, it is possible to derive a value for
the gradient of the activation function, in other words

~ the first derivative of the compressed output with very
little additional circuit overhead. This is of course
- particularly useful dufing the training phase since it is
- required by the back-propagation algorithm.
The table below relates values of ¥,,-¥, 4 and I '11 to
the gradient of the curve, expressed as a 2's complement
fractional binary number G.O-G .
Table 5
o Ya 3 T2 ) My|%6 85 €4 €5 6, €3 G
1 0 0 0 1J]0o o0 0 o0 0 0 1 (1/64)
6 ¥+ 0 0 10 0 0 0 0 1 o0 (1/32)
0 0 1 ¢ 10 0 O 1 0 O O (1/8)
0 0 0 1 130 0 1 0 0 © 0 (1/4)
0 0 0o 0 olo 0 1 0 0 0 0 (1/4)

This gives the simple implementation shown in Figure 7.

The gradient value output from this circuit (Go'Gs) is

valid regardless of the sign of the original input.



as shown in Figure. 6) -9- This suggests one si rrple i mpl’ement at i on  of
each nodule la, I'b, Ic, Id wusing NOR NAND and NOT gates shown in- FJ._gu‘re
6. O her logically equivalent circuits are easily. derived. , Can
be seen in Figure 5, P15 is set to O; Mnd [err] is a signal that is. 0 if
none of the inputs [err] are equal to 1. A further feature of the invention
is that fromoutputs [err] it is possible to'derive a value for the-

gradient of the activation function, in other words the first- derlvat|Ve of

~the conpr essem\e)tuipunit/\no&‘hkiw.y:il to 6 -camdhi cmtlglanmelegnm:wead ’ Th| s .
I's of course ng ni h ince it s .
requi red by t‘g'@lbagﬁ‘l’ propagﬁg 6n '%:ﬁ%r Pm sﬁ%‘e (iégbe ’gcvﬁrog ‘at es val ues_

of [err] Whicht hepgrm eBt omme&:rdﬁghexpawse@mr@dz $econpl enent
fractional biggy ?’rg&@és@s_ Tand eoe%ugaf dlittIQ'én:Eji W#gal Ngigenrle -

i npl ement-at i on ent..va out put, fromthis.

circuit (G - d:l;e |1'§lgbaPP%F. "rﬁﬂeégs qe IPREe%t'rJQ k appligatinn dendp | nput
video imaqe reeoqnition, e.g. for a hybrid video coder '

(for example for use in a video . phone). ~ Other
applications include speech conversion, industrial robot -
vision and natural language computing, _and the pnneiples g
behind it can be easily extended to other combinations of
input and output wordlength.

It will be und"erstoo& that the concept. o'f the in'véntion 18
applicable also to digital optical neural networks, and
that 1t funetions analogously with tri—state or other
multi—level logic-state arithmetlc; for an arithmetic
~ system to base 'a', the slopes ‘of linear segments are
powers of ‘'a' and the segment breakpoints are powers of
a1, : . :



The circuit of -Figs. 3 to 6, can be conpactly and el egantly inplenented in
VLSI , u3|ng only sinple Ioglc functlons whi ch operate at extrenely high
rates * conpared to arithnmetic processes, and occupy little chip area.

G ven tRE high operating speed, one potentiial-application is in video i mage
recognition, e.g. for a hybri.d video coder (for exanple for wuse in a
video phone). Qt her applications include speech conversion, industrial
robot vision and natural Ianguage conputing and the, pr|n0|ples behind it
can be easily ext gngagefcegot her conbi nations of i nput - and out put

wordl ength. It w IT—DBe understood that the concept of the invention is
applicable also to digital optical neural networks, and that it functions
anal ogously with tyJ - RUMBLMARY, (DJEX; and m't:eLEnmND, I.ngi c{Bag):e 'Parallkebeti C;

for an arithneti tq base. 'a ne o nts are
powers of 'a' and yg’é‘é‘?@n%ﬁ&@%&ﬁ%l n‘{og' a e?@b%g Féésd %amﬁ 4 ef ences
1. RUJELHART, D.|Masspdl986QLELLAND, J.L. (Eds): 'Parallel Distributed
Processing’ Vol. 1 (The MT Press, Canbridge, :

2. SCHWARTZ, D.B., and HOWARD, R. E.:'A Programmable
Analog Neural Network Chip' Proc. IEEE Custom Integrated
Circuits Conference, 1988. '

3. MEULLER, P. et Al. 'A Gemeral Purpose Analog Neural

e Computer' Proc.  IEEE/INNS Int. Joint Conf. on Neural
Networks, 1989. '
4, SMITH, D.R. 'Digital ‘Transmission Systems' (Van
Nostrand Reinhold, 1985) pp. 78-88. |
Tables
Table 1. Breakpoints of the A-law and modified piecewise
linear curves. '
Table 2. Plecewise linear activation function truth table
A\ (corresponding to Figure 2a) for positive values of imput.

Table 3. Truth table for circuit of Figure 5.
Table 4. Truth table for circuit of PFigure 6.

Table 5. Truth table for circuit of Figure 7.



Xass, 1986).
- Anal og Neur al
Conf er ence,
Conput er'
4. SM TH,

2. SCHWARTZ,

D. R

Digital

I nt.

MEULLER, P. et Al.
| EEE/ | NNS

Transm ssi on

D.B. - khd- HOMRD, R

Net wor k Chi p' Proc
1988. 3.
- Proc.

Syst ens'

B.' A Prograrrmable

| EEE Customlntegrated Circuits N
" A CGener al
Joi nt Conf.

Pur pose Anal og fEural
on Neural Networks, P989.
(Van Nost r and

Rei nhol d, 1'9-85) pp. 78-88. Tables Table 1. Breakpoi-nts of the A-law and

nodi fied pi ecewi se |inear curves.
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1.0 8.0 1.0 [err] - 14 - CLAIMS 1 A neural processor

conprising neans for receiving an input éPgnaI and rrears for producing a
digital output signal corresponding tT un&i ofP of @ Q;l nput signal and a
wei ght value associated with ..the proces _ further fconprising. neans
for applying a non-linear function tJ sai oﬁpu S|§1 1I-;To produce a

di:gi tal conpressed output signal wherein the function cLonsi sts of a
plurality of inclined |inear segmentS'vm th dif f efRnt S5l Lemés, t he sl ope of

each said segnent being equal to [errJ_ V\Qere n |§:’an
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integer and a is the base of the digital output signal. 2 ° A neural
~processor according to claim1, in which the intersections of the sal-aﬁ
segnents occUr at -digital output signal, values of am where mis an ualeger

and a is the base of the digital outp * Signal . 3 neu#-aJ—pLeeessgx_—
according to claim1l or claimz2, in which the said di gltal outi "m‘ .
llj._ y

bi nary nunber, the base a being 2. 4 A ' neural . proceséo H Hl

preceding clairm in which the sl ope e function armu

approxi mates that of a signoid functgiﬁ-—- - A neural processor accord| ng

to claim4,; in which the said slope of the function around its centre is 2,

2. 6 A neur r or, I or cl aj I.ncludi ng neans

for altering fhegvgﬁﬁéﬁbfpr?ﬁég{‘% 3’8@:&5%& fr?rdé‘ﬁg?rg’eiﬂ e Bpon t he

conpressed ouinput. signali5and meanseuforl pmdneingpr aadigitilngoutpuany precedi ng

claim in whi C a e f g means for
Slinb{ cdiPlspondiag &%1 Lt 10R20F zggy;i{xg& 316Ky e

| ogi cal |y shi ast ower order al"d “out put signal,
i n dependence® upeightnhevaliey casgpciatedniwitdr Hiedcpragegsers ofurtdies out put

'3{1?33{ s.t gﬁa%@rﬂsﬂiqt neafilS £ofi BpALying" M Norl19hédr OfurichgoR OFB esSed -
said output signel to produce a dlgital compressed output
signal wherein the function consists of a plurality of
inclined 1inear segments with different slopes, the slope
of each said segment being equal to a" P where n is an | o
integer and a is the. base of the dlgital output signal. U

2 A neural pmces‘so'r aceording to CIsim 1, in which the
intersections of the said segments occur at diqltal output
signal values of a® where m is an integer and a is the
base of the d_ig__ital output signal.

3 & neural pmcessor aceording to claim 1 or claim 2, in
which the said dlgltal output is a binary number, the base
a being 2. . |

4 A neural 'processef according to any preceding claim, |
in which the slope of the function around its centre o
approximates that of a sigmoid function. B

5 A neural preéessor according to claim 4, in which the
said slope of the function around its centre is 272,

6 A neural 'prece___'ssor according to claim 4 or claim 5,
including means for altering the value of the said weight ‘
value in dependence upon the compressed eutput. -



8 A neural processor according to claim7, in which the non-linear
functlan 4reans further conpri ses a | ogi c gate circuitic ve
sai d :Hi g\h}order digits and to provide an oygput for conﬂm lﬁamﬁl mﬂﬂ'
shifting neans. 9 A neural processor according to claint8,¢ir whch

logic gate circuit is for producing also the high order digits of said:
conpressed out put signal. 10 A neural processor accordlng to claim8 or

Generating a ol opesi dndtura BrbebddndecbingC bo' By ‘ikbeliag Scidlh,
corresponding to thp wich &l:e mQII-éiWI furﬂ’-iﬂnnueﬁlﬁl CABPESER sbiﬁrimsu ng a
plurality of neuraf, ﬂf%i-s%‘gﬁ&ﬁ o O?tir@ Y Ragtedbnd Sowdr drdapect ed

sq that the corrpresse out put sone processors nmay. form.the |nput

signals to others. digits Bﬁtﬁaé-ﬂno‘llfd@&gﬁigﬂaén Hb\ﬂe%n Hﬁr‘i‘%qnn@% Yadieal
network according be €He2highek oﬁ@er“digi@%t s@id bﬁtpﬁlt sbgmQi thesaidevi ce

Gor Tved from a i dB9URg auescehifhel s Tothiny rBIGHE" ot CLaC Pl il 2 1

as described herei putput signal.

8 & neural processor according to claim 7, in which the

non-linear function means further comprises a logic gate

circuit connected to receive said high order digits amd to
\ provide an output for controlling said shifting means.

9 A neural processor according to claim 8, in which the
logic gate circuit is for producing also the high order
digits of said compressed output signal.

10 A neural processor according to claim 8 or claim 9, in
which the logic gate circuit further includes means for
generating a slope signal indicating the slope of the
function corresponding to the said output signal.

11 A neural network comprising a plurality of neural
processors according to any preceding claim connected 80
that the compressed output signals of some processors may
form the input signals to others. :

12 A pattern recognition device comprising a neural
network according to claim 11.

13 A visual pattern recognition device comprising a
network according to claim 11 arranged to receive signals

derived from a video signal as inputs.

14 A neural processor substantially as described herein. |




