Artificial Neutral Networks
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"...acomputing system made up of a number of simple, highly interconnected processing elements,
which process information by their dynamic state response to external inputs.”
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Architecture of a Simple Artificial Neuron Net
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Pl. Set a (n+1}-input, m-output perceptron. Randomize all network weights W ije
=012, =12, o, o small numbsers

P2. Apply an input feature vector x and calculate the net input signal u; o each output
perceptron neuron j using the standard formula:
uj = L (x; . ""’i_iJ' for1=0,12...n forj=12,..m, where x =1 is the bias.
P3 Apply a hard-hinuted threshold activation function (o the net input Signals as
fn!lﬂws'
: > threshold, of = O otherwise,
i&pplymﬁ linear mrts.hnldmg function is also possible).

P4 Compute the error for each neuron by subtracting the actual output from the
i [ . T = ¥ - O
arget oulput E.n'J i~ %
P Modify cach weight w, by calculating its next value w, {t+l) from the previous

one w, (1} and from the c\':llu:m:d emor Err:
w. {1;+f = w. (1) + ax.
wfi\:n: s nﬂmmmg uu-cﬂlli:v:m a number between Oand |

I

P6. Kepeat sieps P2 through PS until the ermor vector Err is sufficiently low, i.e. the
perceplron goes inlo a convergence.
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term we end with
Xn . W K
2" 5
Outout sigma for Z
Inputs X Wy o— utput_o y@orD)  summation o K <— the formula for the nth term
K=1
xg. Wy / ~ the term we start with
k is the index
(It's like a counter.
— Y5.Ws pSome books use i.)
Unit step (threshold)
fO if 0= x ’
TI= i xz0
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Weight update

—s QOutput

Net input Activation
function function

—@— Output

Met input Activation Quantizer
function function
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Schematic of gradient descent.
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Forward pass:

BF1.

BF2,

BF3.

Apply an input vector x and its corresponding output vector ¥ (the desired output)

Propagate forward the input signals through all the ncurons in all the layers and

calculate the output signals.

Calculate the Err, for every output necuron j as for example:

E‘"j =¥; - 9 where ¥ is the jth element of the desired cutput vector y.

Backward pass:

BBI.

BBE2

BE3

Adjust the weights between the intermediate neurons 1 and outputl pEUrons j
according to the calculated error:
.'_'l.wijﬂ+l ) =lrate. 0l - o) Err. o + momentam. awlj [

Calculate the error Erry for neurons 1 in the intermediate layer:
El‘l’_: E Er:r'. wu
Propagate the error back to the neurons k of lower level:

Awy (8 +1) =lrate.o,(1 - 0;). Emr, x, + momentum, Awy(t)
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step 1

Randomly inittialize the cluster centers (synaptic weights)
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step 2
Determine cluster membership for each input
g (“winner-takes-all™ inhibitory circuit)
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step 3

Re-estimate cluster centers (adapt synaptic weighis)
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Second iteration
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Result of second iteration
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A form of unsupervised training where output units are said
to be Iin competition for input patterns

— During training, the autput unit that provides the highest activation to
a given input pattern is declared the winner and is mowved clozer to the
input pattern, whereas the rest of the neurons are left unchanged

— This strategy is also called winner-take-all since only the winning
neuron is updated

= Dutput units may have lateral inhibitory connections so that a winner
neurcn can inhibit others by an amount proportional to its activation lewvel
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Fig. 1.

/\

Ilustration of the basic decision to be made during the growth procedure: an output space lattice

can either grow in an existing direction or it can open a new direction.
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All of the steps from K| 10 K4 are repeated for all the training instances. Nt and o
decrease in ime. The same training procedure is repeated again with the same training
instances until convergence.

Assign small random numbers to the initial weight vectors wj(t=0), for every !
neuron | from the outpul map. |

Apply an input vector x at the consecutive time moment L,

Calculate the distance d, (in n-dimensional space) between x and the weight
vectors wjit) of each neliron j. In Euclidean space this 15 calculated as follows:

dj= sqei (EA(x; - w;®)

The ncuron k which is closest to x is declared the winner. It becomes a centre of a
neighbourhood area Nt

Change all the weight vectors within the neighbourhood area:
wlt+1) = w (t) + a(x - wi(t)), if j € Nt
wj{|+l:| = wju]-. if j i5 not Emm the area Nt of ncighbours.
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o H networks are usced to extract information globally from the
input space.

H networks reguires all weights 1o be updated at each epoch.
H networks implement associative memory while C networks
are scelectors - only one can win!

O O networks are used to clusters similar inputs.

oo

O

C networks compete [or resources.
0 C networks, only the winner's weight is updated each epoch.

MNote: epoch — one complete presentation of the mput data to
the network being trained. q

(15 6@ 2 EIR6AC 33 381 , 3BRI31 5C4#1369 15: HR
CPRFPRER RERR RRERRRERRRREEE FRRERRE R RRRECRRREE PR PR PR R AR 5.8 7 MR RERE R R PREHRRFERREEERR
EEERERERERREERRER R FRRE R AR PR R R PR RRER R RIRERRER R EARIRFRE FrRPRE PR PRATEREERE
(PP P PR 2P AFPTRICRR) (P 2 R ) ) 2 e ) P e e TR P IR PRI PRI ) IR P AR e P AP PR P PR
PR PRI P ) ) o 2 2 o ) 2 R P ) o ) ) R o P 2 P ) P P I 2 P P PRI (2 e e ) o e e AR R AP PR R )
[RRRE FRETRRT FER
1 IR I A T IR
IR 2R P R e o ) A 2 P P 2 P e ) 2 R 2 e P P R e PR PR ) (PP IRR R ]

o PRCRRRERERRRER FREERRRRRRER TR RREREE [ R R REB PR R A AR e R AR R A AR PR PR R R PR ER 2

(2 2 ) o 2 2 P P 2 R P AR P P R R I R CICTR) A, CPAPPICIRIARY] (YRR el o e e e P e o A 2 PP I )

RIERIRIER RRTHRERRE FREE, [

[ ]
[ ]
BN [ 300 31 0 2 3 713 2 2 3 4 e 0 i 3 e o e e a e i [ B A
BRI
ARPPIR PRI

[ B TR A
47 BER4E
[ 2 A e P e P P o 2 R P T o R 2T R
PPRPRPRPRrRRFPPR PRERER B: P
it
[ o7 (PRI PR 5 6]
(PR P PRI AR E TP ) (TR IR e
217 EERTA RN I R IR AR R AR e (e
SO i YA Bl VG A B Bl B i G G E
(o SO O . 2 3 a2 i e a1 e 3 el il e el e o e e e e e e e e w 5 v A s i e W A R ]
(O DY Eie i i3l B A B G B 6 A B B G A B E BRI B B A B A BB e R B R B Bl R GG B R A B
0YHiE B Gt eI AR BBt BB BEE Bl NG BB G e B R s a BR B et E AN BB BB LR BB B BEA B
R, [P AR PR PR TR R R BT R
o 2TFRRIEN EITHTD, TR A (P T (2 e 2 e e e o e e e e P P e o o R e e e R
[ T o 2 T P o P P A ) T A 2 P P e o P e P e

a4 e s e a3 3 e e i B e




TP PPl (PR RRI2] (2ol e e 2 e o o e P e AR R R R R e (R e P Rl IR
(BRRER RPREENCIEE FEER PR R RERERRE FR R RRRE i 643 i 0 2 0 € i 3 ) B
e 3 3 e i e i R a3 R e 3 R RIRRRRIERE RRRRERRIERLE]
3 v A e 2 e e e i 2 e e e e 3 3 3 ) e R d e e A
BEA Rk BEEREE G RRE EARR R AR R R EAlE R G R R E AR R Rt A ER kR R R ala e G B R EE R Rl G Rl AR
BEE B

Fz layer(Cluster units)
Reset Unit + y
i b
y
) J
Fi(b) layer(interface units) G
1
Y
7y
+
+ + +
Fi(a) layer Fy(b) layer F; layer Fi(a) layer(input units)
Input Portion Interface Portion Cluster Unit

3ERR ERREANCERE
ulEliE L LR LA EE L EE G RE )
o [ AR FEFMEREE FEEE R AR A R A AR R R
o [P ) 0 MEY FEEA e PR PR PR AP e
DO X diialfeii i G D YE il Ve BB e B s R R
. BEPM (TR D), FE AR P P P 2 2
o T HIIRERRERRR FrRkE
o UBEUEMEE FERERRE E

BRREERVE B
IR P PR PRI PRI RERR PRRERIE >ARRREENRIPAR

CERAEFERE EERE ERREREE O B CRERERERRE PAR

LRI PR e (e PR TR A ) (2 R ) 2 R e o o o P

CREIEIE (B PRI (I P e B G A P e AR P e P P P P Bl

BEQEE [BEGBEGEBE BRI SR A AL BB [EE AR BB BB BEAE: b A B et BB BB BEE
PEREIRER PR PRI EERE |B) | PHER

PRI RREER R AR R PR EDA PR AR ADA FR AR B PR

R R ) P 2 D2 2 ) T 2 e o ) R o ) o ) ) o) P ) o) o 2 |
CRERIEES PR FRRRBEEE AR PR PR AR Rl

R P T L) > P o/ P )2 OB P 2 P o ) R e ) ) o e e o e P ) 2 ) e e e P R P R e
BEABEAEAG

e s 4 U A B B A A el D VB [ D i

ERRRIFEER PR R AR R EEREEERED I | ) | | PY) @

BEGBEEE B RE kA BEEGE B BB

@ |) | |0 | 2| | B R A R R R R R PR R R R R ey LRI

- BREEE |) | |0 |B| | >PrifERER R R R R R RR) REREREE

PERRE EBERERRE M PRR AR R R R AR R R AR BPl ) B 24Q) |) | | FRRMERRE ) B

I R P 2 e R 2 2 P e e e P R R R ) (R PRI P P R P B B R B

G BB EEBREA

AP PP e P A P

APIZI2P A TR PP S (1) [




- ) BRI

F leseee

Fl o®@®®

|

Input {1}

=

Candidate
' ¥
2 s @@ @

L

Hypothesss (I*]

" seoee

c"?p‘-l

|

Imputk (T}

Step 1: Send input from the F1 layer to F2
layer for processing. The first node within
the F2 layer is chosen as the closest
match to the input and a hypothesis is
formed. This hypothesis represents what
the node will look like after learning has
occurred, assuming it is the correct node
to be updated.

F1 {short term memony) contains a vector of size M, and
there are N nodes within F2, Each node within F2 s a
wector of size M. The set of nodes within F2 s referred o
as "y,

step 2: Once the hypothesis has been
formed, it is sent back to the F1 laver for
matching. Let T,(1*) represent the level of
matching betwean 1 and I* for node j.
Then: —

I~r ;
I I%)y=- ;—  where A" B =min(A4,B)

If 7,(/* = p then the hypothesis is

accepted and assigned to that node.
Otherwise, the process moves on to 5tep
3.

Input {1}

Fieasast

Step 3: If the hypothesis is rejected, a
"reset” command is sent back to the F2
layer. In this situation, the I node within F2
is no longer a candidate so the process
repeats for node j+1.




Rejected  Accepted

A - Step 4:
‘l_.-" i .!',.1. -
F2 - .; .‘fﬁ 1. If the hypothesis was accepted, the
| winning node assigns its values to It.
X 2. If none of the nodes accepted the
hypothesis, a new node is created within
- F2. As a result, the system forms a new
l eo®oe® —p memory.
In either case, the vigilance parameter
ensures that the new information does not
Trput (1) cause older knowledge to be forgotten.
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