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n (sample) | xI x2 X3 d

S 1 1 05 0.7
5 1 07 -05 02
: 03 03 -03 0.5

nel)=05-14+(-=03)-1+0%8-05=006

v zobal )l SS ol
y(1) = f(net(1)) = £(0.6) = 0.6 n=0.1010,j;
v
e(l) = d(l) - y(I) = 0.7 - 0.6 = 0.1
A,':r] *E*X,- ¢

Awi (D =01-01-1 =001 = wi(2)=wil(l)+Aw(l) = 0.5+ 0.0l 0.51
Aws(D)=01-01-1 =00} =

wi2) = wall) + Aws(l) = -0 34001 =029
AwiD)=0.1-0.1-0.5=0.005

> wil2) = wall) = Aws(l) = 0.8+ 0.005 = 0.805
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Parametel n=~2 n=3
Ky —1 0.3
Ko 0.7 0.3
Ko 0.5 0.3
—1.1555 —0.18
0.2 0.5
] 1.3555 0.68
Lt (1) —0.14 0.02
S (] 0.058 0.02
Lt (1) —0.07 —0.02
wlin + 1) 0.37 (.39
w2in +1) —0.19 —0.17
widln + 1) 0.735 0715
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MLP-DECISION REGIONS

Single-layer

HALF PLANE
BOUNDED BY
HYPERPLANE

Two-layer

CONVEX
OPEN OR
CLOSED
REGION

N\ @

Three-layer

ARBITRARY
(complexity
limited by
number of
neurons)

N
R
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MLP with threshold units

Warning: this is NOT the traditional MLP !

» continuous inputs (classification)
linear CONVEX
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MLP with continuous units

m General case -> sometimes referred to as "MLP"

= non-linear activation function:
sigmoid (tanh)
— at least for “hidden” layers

— output layer can be linear
(otherwise limited output range)

m used for

— approximation of functions
— classification
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MLP LEARNING

=Supervised learning
= Deltarule
* Can train only one-layer
 One layer can solve only linearly separable problems
* Minsky-Papert’s “Perceptrons” (1969)
» Error Back Propagation
 Generalised Delta rule

e can train any number of layers
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Issues on Learning

=Qverfitting is possible
 System doesn’t generalise
 Use validation set
= |_earning can be slow
= Poor learning
* Error surface is complex
* Restart with different ANN initialisation
* Evolutionary Algorithms
 Simulated Annealing
* Many parameters to set
* ANN structure
* BP learning rate
* Number of BP iterations
= Several ANN learning trials are normally required
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MLP Structure and Learning

=Structure is critical to ANN performance
= Too few neurons
* Not enough computational power
* Poor learning results
= Too many neurons
* Slow learning

* Overfitting
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2-layers MLP Kolmogorov's theorem

m Universal approximation property:

If
A 2-layer MLP can approximate arbitrarily I _ D20+1) units
well any (functional) continuous mapping, in 1st layer
provided the number M of hidden units is _ (2041) units
sufficiently large in 2nd layer
1 Then
] . . . — any continuous
m Thus also valid for decision boundaries (classification) mapping
1 But
— /rnot smooth
3-|EIYEI'5 MLP — gdepends on y

m 3-layers network can approximate
— any function
— with any precision

2 layers:

{2} sigmoid

(b} sum of 2 sigmoids

(c) sum of 4 sigmoids

{(d} sigrmoid of sum
{bell-shaped local
function)

3 layers:
sum of local functions

m idea: use local activation functions
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http://www.rgrg.ir/index.php?option=com_fireboard&Itemid=46&func=view&catid=29&id=306
http://www.hot-baby.mihanblog.com/post/359
http://forum.sarmaye.com/showthread.php?t=3426&page=6
http://neshatsoft.com/ANN.htm
http://barnamenevis.org/forum/showthread.php?t=39760

