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a=f(wp+Db)

Figure 2.1 Single-Input Neuron

The neuron output is calculated as

a= flwp+b).

J.p=2andb = -1.5, then

a = f(3(2)-1.5)= f(4.5)

If, for instance, w
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a = hardlim (n) a = hardlim (wp +b)
Hard Limit Transfer Function Single-Input hardlim Neuron
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a = purelin (n) a = purelin(wp +b)

Linear Transfer Function Single-Input purelin Neuron
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a = logsig(n) a = logsig(wp+b)

Log-Sigmoid Transfer Function ~ Single-Input /ogsig Neuron
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. MATLAB
Name [nput/Output Relation [con .
Function
. a=0 n<0 _
Hard Limit U: hardlim
a=1 nz=0
. . o a = —| n<>0 .
Symmetrical Hard Limit | ‘:F hardlims
a=+1 nz0
Linear a=n ‘74 purelin
a=0 n<0
Saturating Linear a=n 0<n<l ‘L satlin -~ |___
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Linear
a = | n=1
: . |
Log-Sigmoid as= -~ / \ logsig
| +e€
Hyperbolic Tangent e e ,
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Sigmoid e+ e
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Positive Linear / \ poslin
a=n 0=n
.. a = | neuron with max n
Competitive C compet | pum
a = 0 all other neurons
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» Supervised Learning

Network is provided with a set of examples
of proper network behavior (inputs/targets)

Pty P2ty 5 - 5 Polp )

» Reinforcement Learning

Network is only provided with a grade, or score,
which indicates network performance

» Unsupervised Learning

Only network inputs are available to the learning

algorithm. Network learns to categorize (cluster)
the inputs.
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Functions

_fx learnh - Hebb weight learning rule

_fx learnk - Kofonen weight learning function

ﬁ.; learnp - Perceptron weight and bias learning function
ﬁ.; learnis - /nstar weight learning function

ﬁ.; learnos - Outstar weight leaming function

fx learngd - Gradient descent weight and bias learning function
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learnh
Hebb weight learning rule

>> p = [1 2 3]
>> a = [10 20]"
>>» dW = learnh([],p,[1,01,2,0],0],01,01,01,1p, (1)

dW =

10 20 30
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learnwh
Widrow-Hoff ‘NEiQI"It-"tIIiEIS learni ng function

> p = [12 3]1";
>> e = [10 20]"';
>> dW = learnwh([],p, [1,01,01,01,e,00,0],0],1p,[])

dw =

5 10 15
10 20 30
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clear all;close all;warning off;clc

p=-1:0.1:1;

t=[-0.%9¢ -0.57 -0.07 +0.37 +0.e4 O.ee 0.46 0.13
-0.20 -0.43 -0.50 -0.39 -0.16 0.09 0.30 0.39
0.34 0.18 -0.03 -0.21 -0.32];

net=newff (minmax (p), [5,1]1,{"'tansig’, "purelin'}, "trainlm") ;

net.trainParam.show=10;

net.trainParam.lr=0.001;

net.trainParam.epoch=500;

net.trainParam.goal=0.0005;

net=train(net,p,t):

y0=sim(net,p):

figure;

plot(p,t,"+r', 'markersize’', 8)
hold on —
plot(p,vy0, "k")
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net.trainParam.show=10;

net.trainParam.1r=0.01;
net.trainParam.epoch=5;

net.trainParam.goal=0.5;
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net.trainParam.show=10;
net.trainParam.lr=0.001;
net.trainParam.epoch=50;
net.trainParam.goal=0.05;

U.B T T T T T T T T T




e

net.trainParam.epoch=500;

D.B I I I I I 1 I I I

0.6

04
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XA — (1,2)
*s = (2,1) T = (4,57,7)
xC — (2,3)
xp = (3,1)
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>» ¥=[1 2 3 3;2 1 3 1]

W o=
1 z
2 1
>> T=[4 5 T 7]
T =
ul 2 7 7
Workspace ®
Name Value Min  Ma
auf] [4,5,7,7] 4 7

1 X 1,2,3,3;2,1,31] 1 3




i
&

.-— Import to Network/Data Manager — =
Source Select a Variable Destination
(®) Import from MATLAE workspace (no selection] Mame
() Load from disk file T
MAT-file Mame Import As:
Metwork
: = — H () Input Data

(®) Target Data

() Initial Input States

i:/‘ Variable 'T" has been imported as Target Data into the Network/Data Manager.

() Initial Layer States

() Output Data

(") Errer Data

i‘"} Import @ Close
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2 ol mdals Gl el il g Y SO et 4l SO peples o0 Jle () o

o _———=

Create colys ;o 5 pmled (o0 88 p S50 4 1, b el )y, Network

*
L]
- oI 2N

Create Network or Data

Metwork | Data

Name

network]

MNetwork Properties

Metwork Type:

Input data:
Target data:

Input delay vector:

Learning rate:

Linear layer (train) W
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i m"— = ——
En Neural Network/Data Manager (nntool) = =
k Input Data: m Metworks « Qutput Data:
k4 network1
'@ Target Data: a Error Data:
T

>) Input Delay States: ) Layer Delay States:

35 Export... u Delete '\{;’ Help @ Close




| ——— —
wolg oo ] )0 a5 098 o 5L sl 6,2 Networkl s, ,» SIS'L >
M._) PL?.G‘ ‘) 6 Y " Q‘ “!. .

| m Metworks | Output Data:

18 Network: network1 - ':'

View | Train | Simulate | Adapt | Reinitialize Weights | View/Edit Weights




i . Network: network 1 - —E'

View | Train | Simulate | Adapt | Reinitialize Weights | View/Edit Weights

Training Info | Training Parameters

Training Data Training Results

Inputs X W Qutputs network]_outputs
Targets ) P Errors networkl_errors
Init Input Delay State| (zeros) Final Input Delay 5tat network]_inputStat
Init Layer Delay State| (zeros) Final Layer Delay Stat network1_layerState

E:j Train Metwork
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i Network: network1 - =

View | Train | Simulate | Adapt | Reinitialize Weights | View/Edit Weights

Training Info | Training Parameters

chowWindow true

cshowCommandLine false

show 23
epochs 3000
time Inf
goal 0.001|
min_grad le-06
rmax_fail b

‘f-:j Train Metwork




Meural Metwork

Input

Algorithms

Training: Batch Weight/Bias Rule (traink)
Performance: Mean Squared Error  (mse)
Calculations: MATLAE

Progress

Epoch: o [0 436 iterations | 2000
Time: | 0:00:04 |
Performance: 34.8 I:I 0.00700
Gradient: NaN [ mee ] 1.00e-06
Validation Checks: 0 | 0 | 6

Plots
Performance (plotperform)

Training State (plottrainstate)

Plot Interval:

@ Training neural network...

[ ...... @ Stop Training @ cancel
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1 Neural Network Training Performance (plotperform), Epoch 3000,.. — ©
File Edit Wiew Insert Tools Desktop Window  Help N

Best Training Performance is 0.033333 at epoch 3000

10° ¢
3 Train
------- Best
wlt Goal
10° |

Mean Squared Error (mse)

| |
2500 3000

| 1
1500 2000

3000 Epochs

1 |
500 1000
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=> nnstart

4\ Neural Network Start (nnstart) = =

Welcome to Neural Network Start

Learn how to solve problems with neural networks,

Getting Started Wizards | Maore Information

Each of these wizards helps you solve a different kind of problemn. The last panel of each
wizard generates a MATLAE script for sclving the sarme or similar problems. Example datasets
are provided if you do not have data of your own.

Input-output and curve fitting. & Fitting app (nftool)

Pattern recognition and classification. &9 Pattern Recognition app (nprtool)

Clustering. & Clustering app (nctool)
(ntstool)

Dynamic Time series. &¢ Time Series app
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