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- shape |
p =| lexture
| weight

]_

shape
texture > Neural
weight > Network
\,
Sensors
Apples
1
= p(apple)=| 1 |, p(orange) =
—1

Shape sensor: 1 --round, -1 --
Texture sensor: 1 -- smooth,
Weight sensor: 1 -- > 1 pound,
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Single-layer Perceptron/ Instar

q a = hardlims(Wp + b)
>

Symmetrical Hard Limit
ea=-1,ifn<0
ca=+1,ifn>1

* MATLAB function: hardlims




Two-Input / Single-Neuron Perceptron

_p_
— p= I:WZ[WU W12]
P |
—>n=Wp +b

a = hardlims (n)

Inner product
0> @ 1) (539)9 Yoy A M3¢8 09)00 G @I * &
If Wp > -b, A1S (saloatws 89)5 S
then
a=+1;
otherwise,
a=-1.




Two-Input / Single-Neuron Perceptron -

W:[Wll le]:[_l 1]917:_1
—>n=Wp+b=—-p +p,—1
—> a = hardlims (n)

" D
| shape |
p =| texture | = three - dimensional input (R = 3)
| weight | \
n=Wp +b, a=hardlims(n) . "’B

pl/ \'
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p, (orange) p: (apple)
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Hamming Network

Feedforward Layer

SxR

n'=Wlp + b!

Recurrent Layer

SxS

2
le

n’(t+1)= W?2a’(1)

a’(r+1) = poslin[n?(t+1)]
a*(0) = a!
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Recurrent Layer (MaxNet)

Hamming Network
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a’(t+1)
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n’(+1)= W?2a’(¢)
1 a’(t) a?(++1) = poslin[n?(¢+1
a’(0) = a'
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Lippmann, R. P. (1987). "An introduction to computing with neural
nets.”" ASSP Maqgazine, IEEE 4(2): 4-22.
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Recurrent Layer geamsemrey
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T 2 i Input Competitive Layer
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clear all;
P=rand([2 100]) ;
net=competlayer (3) ;
newc( [0 1;0 1] ,3) ; obsoleted in R2010b NNET 7.0.

net.trainParam.epochs=500;
net = train(net,P);
Y = sim(net,P);

Yc = vec2ind(Y) ;

#_Cnmpetiﬁve Neural Layer {view)

plotvec (P, Yc) ;
title('Input Vectors');
xlabel ('P(1) ") ;

ylabel ('P(2) ") ;

view (net) ;




0.1

0.2

(J0s ssls)) DBy (saduly =

Input Yectors

03 04 05 0B 07 08 09 1
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% Create P.

X [0 1; O 1]; Cluster centers to be in these bounds.
clusters = 8; This many clusters.

points = 10; Number of points in each cluster.

std dev = 0.05; % Standard deviation of each cluster.

P = nngenc (X,clusters,points,std dev) ;

% Plot P. net.trainParam.epochs =10;

plot(P(1,:),P(2,:), '+r'); net = train(net,P);
title ('Input Vectors'); w = net.IW{1l};

xlabel ('p(1) '), delete (circles) ;
ylabel ('p(2) ') ; plot(w(:,1) ,w(:,2),'ob");
net = newc ([0 1;0 1],8,.1);
w = net.IW{1l}; p = [0; 0.2];
a

plot(P(1,:),P(2,:),'+xr'"); sim(net,p)

hold on;
circles = plot(w(:,1) ,w(:,2),'ob"');
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Compet. Layers in Biology -
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{ |-e, if d, #0

Each neuron reinforces itself (center), while
inhibiting all other neurons (surround).
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‘Poverty map’ based on 39 indicators from World Bank statistics (1992)
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SOM — Result Example Animal names and their attributes

Dove Hen Duck Goose Owl Hawk FEagle Fox Dog Woff Cat Tiger Lion Horse Zebra Cow
. Smal 1 1 1 1 1 1 0 0 0 0 1 0 0 0 0 0
Is Vledium 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0
Big 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1
2legs 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0
4legs 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1
has Hair 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1
Hooves 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1
Mane 0 0 0 0 0 0 0 0 0 1 0 0 1 1 1 0
‘eathers 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0
. Hunt 0 0 0 0 1 1 1 1 0 1 1 1 1 0 0 0
likes J g 0 0 0o 0o 0o 0o o0 0 1 1 0 1 1 1 10
to Fly 1 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0
Swim 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0

peaceful

birds ]

huntérs
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no topological structure

UNIT PATTERNS

3 Cl,C2.C3
13 | B1, B3, DI, D3, El, K1, K3, E3 |
16 Al, A2, A3

18 1 12 J3
2% [ B2 D2 E2. K2 |
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linear structure (R=1)

UNIT PATTERNS UNIT PATTERNS
6 K2 20 Cl1, C2, C3
10 J1, 72,13 22 D2
14 El, E3 [ 23 B2, E2
16 K1, K3 25 Al, A2, A3
18 | B1, B3, D1, D3 |
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Matlab y» SOM -—

)1 ai3)0c 23(aTw) 3).8 532y 93 (S(a5)e)303 ©

(Gridtop) ablws ©

(hextop) ¢2Lb i °
(randtop) (65003

pos = gridtop(2,3);

pos = gridtop(16,12) ;

plotsom(pos)
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qri dmp{E 3
cilo L)

position(Z,i
. m
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pos = hextop(8,10) ;

plotsom(pos) ;

Meuran Positions POS = randtop (16 ’ 12)

plotsom (pos) ;
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angles = 0:0.5*pi/99:0.5%pi;

Pl = [sin(angles); cos(angles)];
P2 = [-sin(angles); cos(angles)];
P=[P1l,2.*P2]
plot(P(1,:),P(2,:),"'+r")

net=selforgmap ([20]) ;

$net = newsom ([0 1;0 1],[20]);
net.trainParam.epochs = 10;

net = train(net,P);

figure;
plotsom(net.iw{l,1},net.layers{1l}.distances)
p = [1;0];

a = sim(net,p)

selforgmap(dimensions,coverSteps,initNeighbor,topologyFcn,distanceFcn)
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figure;

plot(P(1,:),P(2,:),'+b")

net = newsom ([0 1; O 1],[5 5], 'gridtop') ;s
hold on;

plotsom(net.iw{l,1} ,net.layers{1l}.distances)
net.trainParam.epochs = 10;

net = train(net,P);

figure;
plotsom(net.iw{l,1},net.layers{1l}.distances)
p = [0.5;0.3];

a = sim(net,p) Weight Vectors
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The Self-Organizing Desktop:
An Unsupervised Content Classification System for Efficient

Document Browsing
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P=[-3-2-2 0 0O O O +2 +2 +3;
O +1 -1 +2 +1 -1 -2 +1 -1 O];

C=1[1112222111];

T = ind2vec(C) ;

colormap (hsv) ;

plotvec (P,C)

title('Input Vectors');

xlabel ('P(1) ') ;

ylabel ('P(2) '); |lvqgnet (hiddenSize,lvqLR,1vqlLF)

net = newlvg(minmax(P) ,4,[.6

hold on

W1l = net.IW{1l};

plot (W1 (1l,1),W1l(1,2), 'ow') s
title ('Input/Weight Vectors' . §%§§
xlabel ('"P(1), W(1)'); ey

ylabel ('P(2), W(3)"');



net. trainParam.epochs=150;
net=train(net,P,T) ;

cla;

plotvec (P,C) ;

hold on;

plotvec (net.IW{1l}',6vec2ind(net.LW{2}),'0o")
W1l = net.IW{1l};

hold on;

voronoi (Wl(:,1) ,Wl(:,2))

[0.2; 1];
= vec2ind(sim(net,




