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Artificial Neural Networks « — N

Input 1

* ANN is composed of input and output layers, and one or

more hidden layers containing many interconnected Input2 X2 Y  Output
neurons. :
. . . . Input3  Xn
* ANN is a machine learning process that uses interconnected
neurons in a layered structure similar to the human brain. @

' ' i L Dendrit
* ANN is a universal computational model that mimics the .

human brain in its main function of adaptive learning.

* ANN is an artificial intelligence technology that teaches Synapse

computers to learn from data and make generalizations. https://www.javatpoint.com/artificial-neural-network
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MUIti'Layer Pe rce ptrons (MLP) Input Layer Hidden Layers Output Layer

g \
 MLP is a type of Artificial Neural Network that can learn a non-
linear function that maps inputs to outputs based on a labeled
training dataset.
e MLP is a feed-forward network that is trained using a .
backpropagation algorithm.

e MLP is a deep learning method that can be applied to a wide range
of supervised learning problems, such as classification, regression, o ik
and pattern recognition :

 MLP may learn to discriminate or approximate data based on the
output labels, by adjusting the weights in the network during
training to minimize the difference between predicted and actual
output. After trained, MLP may be used to predict the output label
for new input data.
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A Neuro-Computing Environment for Evolving Intelligence

www.theneucom.com

* NeuCom is a generic modular open architecture for fast data
analysis, fast model prototyping, data development, patterns
learning, knowledge discovery, and visualization.

* NeuCom algorithms use traditional and novel techniques for
intelligent data analysis and system development.

* NeuCom software provides computational methods for
classification, regression, and pattern recognition.

* NeuCom is used worldwide, www.theneucom.com offers a free

copy for research purposes.
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NeuCom modules

data data data Data modelling and Documentation
collection pre-processing visualization analysis rule discovery and online help.

mmm NOrmalization mmm correlation classification

filling missing signal to noise
values, ... ratio,

prediction

Clustering:
k-means,
hierarchical-,
evolving-.

optimisation

surface plot, ...

Cross
Validation

Fri Mar 31, 2023 Tutorial 1: MLP NK.IA 5



Full course, Dalian University of Technology (DUT), 2023
Advanced Artificial Intelligence Technologies and Applications

Modelling and Rule Discovery

parameter

rediction e,
P optimisation

classification
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Regression
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MLP Classification Model: IRIS Flower Dataset

* The Iris flower dataset is widely used in machine learning and pattern
recognition. It includes measurements of the sepal length/width and petal
length/width of 150 samples of iris flowers, 50 samples from each of three

different species: Iris setosa, Iris versicolor, and Iris virginica.

* Each sample in the dataset is labeled with the iris flower species, making this a

supervised learning problem. The objective is to design an MLP model that can

!

predict the species of an iris flower given its measurements.
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MLP Classification Model: IRIS Flower Dataset

* Iris time series dataset consists of 150 iris plants.

* Four Features: sepal length/width, petal length/width. s setosa iris versicolor iris virginica

* Three Classes: Setosa, Versicolor, and Virginica.

* Iris dataset modelling for classification.

* Modelling method: MLP.

. . .. . . petal sepal petal sepal petal sepal
* |ris dataset split 20/80 training-learning ratio.
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MLP Classification Model: Data Loading
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MLP Classification Model: Input and Visualisation

n Figure No. 1: Neucom-Array Viewer, Iris.txt - A n NeuCom - 2D Visualization
* Multi-plotting 2D visualization
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MLP Classification Model: Parameters, Modelling and Analysis

n MNeuCom - Multi-Layer Perceptron for Classification

| File Help

Number of observations for training

| Available Datasets | Iris_Random_20%_3.txt zl | #Samples :

E \l
Actual Class

'! ? :? Mode |Tiain ;]

Operation Parameters

Number of inputs (4) and outputs (1 class)

Specify number of hidden nodes

Metwork Paramet

1r Nurnberafhiddenunilsl 5 //a
Number of naiing yeies [ 100 ————2  Specify the max number of Iterations.
Dl.tp'.!lVahePrecisionl 1} — . L .
. Ouput Functon Precison | 0 = -—n Specify the absolute precision required for the output value &
5 Activation Function m
32 onlﬁsdamm\ﬂ output function in both optimizations.
& —
Shl% \I MLP model uses linear output activation function
Al R — N MLP model uses scaled conjugate gradient optimization or
DveraIAcculacyl 100 %
AN

quasi-newton optimization

Current Status

Training Finished H [
taining Finishe Confusion table; Accuracy for each class; and Learning rate.

Start Reset

4

Overall Model’s Accuracy.
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MLP Classification Model: Parameters, Modelling and Analysis

n NeuCom - Multi-Layer Perceptron for Classification

Testing Finished

Confusion table; Accuracy for each class; and Learning rate.

Start Reset

File Help
Avaloble Datasets 1. Rondom_80% 2 Warables Number of observations for testing
! S : s [ "8 same number of inputs (4) and outputs (1 class)
1 o ///EI Same number of hidden nodes
N::m'hﬂ:ydlﬁ —2]1 Same max number of Iterations.

$:TL:T:%::>EI Same absolute precision for output value & output function in
% ’ Mdo::;m,lg—\é\ both optimizations.
: Sh:w“fa:“PT’:l"" _ \E MLP model uses linear output activation function

| o %\ MLP model uses scaled conjugate gradient optimization or

N \ quasi-newton optimization
Current Staus \\I

Overall Model’s Accuracy = 97%.
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MLP Classification Model: Parameters, Modelling and Analysis

| NeuCom - Multi-Layer Perceptron for Classification
I

Start Reset

| File Help

Available Datasets |lris_Random_80%_2.tt ;I ‘ #Samples : #ariables : I N Umber Of Obse rvatlonS for teStIng
| Operation Parameters .

. e ;es, = Same number of inputs (4) and outputs (1 class)

90| ] S /EI Same number of hidden nodes

sol ] Mumber of hidden units 5 = .

Numer of vaning ovcles [ 700 —————2d  Same max number of Iterations.
70
Dutput Value Precision 1} — L. . .

0. Output Fucton Precisn [ 0 = -| %1 Same absolute precision for output value & output function in
ES
z Activation Function m o .
£ =0 1 opmn [y ] both optimizations.
< ) Visualisation Paramet H H i 1

) TR \I MLP model uses linear output activation function

F OW | A curacy ofEachCIasE!
20} R — N MLP model uses scaled conjugate gradient optimization or
10 | Overall Accuracy | 966667 % . . . .
> quasi-newton optimization
0 Current Status
Testing Finished . .
Class o \I Confusion table; Accuracy for each class; and Learning rate.

Overall Model’s Accuracy = 97%.
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MLP Prediction Model: Gas Furnace Dataset

* The gas furnace dataset for time series analysis contains the gas rate and the

percentage CO, in the gas.
* @Gas furnace time series dataset consists of 292 observations.
* Two input features: Methane and CO,
* One output feature: CO,(t+1) = f (Methane(t-4), CO,(t), €)

* dataset modelling for Prediction.

* Modelling method: MLP.

* Gas furnace dataset split 30/70 training-learning ratio.
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MLP Prediction Model : Data Loading
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MLP Prediction Model: Input and Visualization

n Figure Mo. 1: Neucom-Array Viewer, G... — e n NeuCom - 2D Visualization
Left 1 Right | File Function Help
Available Datasets | Gasfumace.txt Ll Start |
L | 2 |3 |- | Filename: Gasfumacetst  HSamples: 292 #Varisbles 3 |
1 | -0.103 | 53.5 | 53.4 ' : : . .
2 0 53.4 531 -1
3 0178 53.1 527
a | 0.339 52.7 524 v
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8 I 0.348 52 52.4 L or -
ue | = =1Ll — > ﬁ Methane(t-4) CO,(t)
[ 1 10 | -0.18 53 54 B 30l 2 |
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15 | -1.302 56.8 56.4 ol ]
16 | 0814 56.4 55.7
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18 | -0.193 55 543 0 W\//VWJ.
19 | 0.088 54.3 53.2

[ [ L 1 1
20 | 0.435 | 53.2 | Je.3 B 50 100 150 200 250
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MLP Prediction Model: Parameters, Modelling and Analysis

P - -
n NeuCom - Multi-Layer Perceptron for Prediction

| File Help
Available Datasets IGasfurnace_Normalised_3_5equential_30°/._4.tat EI | HSamples : #/ariables : 3 Number Of Observatlons fOI‘ tra|n|ng |n n0rma|lzed dataset
0 Operation Parameters b f . 2 d
: —_— vode [T Number of inputs (2) and outputs (1)
| 0slh — Actual Output ||

Specify number of hidden nodes

b MNetwork, P, i
07} T Nurmber of hidden units

Max Mumber of Iterations

=
5]
i — Specify the max number of Iterations.
Output Value Precision m-
[ oo00r —
|I l

06

05} Specify the absolute precision required for the output value &

Output Function Precision ™

Activation Function | lnear

04F

Value

N output function in both optimizations.

Optimisation | scq -

03

Visualisation Parameters ————\

Show |Dutputs -
Results

Root Mean Square Eror | 0.0187324 N
Non-Dimensional Error Index | 0.0793429 \\

10 20 30 40 50 60 70 80 90 Current Status
Sample Training Finished

ool MLP model uses linear output activation function

0.1} MLP model uses scaled conjugate gradient optimization or

0 . .. .
quasi-newton optimization

01
0

Outputs; Errors; and Learning rate.

Start Reset

I}
rany

RMSE & NDEI defined as RMSE / StDev of the target series.
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MLP Prediction Model: Parameters, Modelling and Analysis

| n MNeuCom - Multi-Layer Perceptron for Prediction

| File Help
Available Datasets | Gasfumace_Nomalised_3_Sequential_70%_5.txt El | #Samples : 204 #Variables : 3 Number Of Obse rvatlonS fOI’ testlng |n nOI’ma“ZGd data Set
1 - e Same number of inputs (2) and outputs (1)
+ Desired Output Mode |Test =
. . — Actual Output .
| s Network P Same number of hidden nodes
08} ’ : 4 Number of hidden units 5§ - .
. M Number of lerations [ 700 —— Same max number of Iterations.
0.7¢ . b . Ii
: - 4 B —— S bsolute precision required for output value & output
. : | [ouptFnctimPresion [0 ame absolute precision required for output value utpu
7% : . Activation Function ~[linear _vA\{ ) ; .. .
= osh 4 ] O function in both optimizations.
Visualisation Parameters
04} | . show [oupt 3] MLP model uses linear output activation function
.‘ b . \
03r Results MLP model uses scaled conjugate gradient optimization or
Root Mean Square Eror lm
0.2 \ . . . .
NonDimensional Eno Index | 0211613 quasi-newton optimization
01 50 100 150 200 250 Curent Status .
Sample Testing Finished Outputs; Errors; and Learning rate.
Start | Reset

B ——— ) RMSE = 4%.
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MLP Prediction Model: Parameters, Modelling and Analysis

| n MNeuCom - Multi-Layer Perceptron for Prediction

| File Help
Available Datasets | Gasfumace_Nomalised_3_Sequential_70%_5.txt El | #5amples : 204 #Variables : 3 \[ Number Of Observations for testlng in nOI"ma|IZEd dataset.
Operation Parameters .
0.15 - - - o] Mode 1o ] Same number of inputs (2) and outputs (1)
01} - T — Same number of hidden nodes
Number of hidden units 5§ — |
0.05} | 1| MaxNumber of teations [ 100 — Same max number of Iterations.
\ I'{I‘l
i ﬂ | Output Value Precision IW'I_ . .
ok 4 M W‘M |H Jf\‘ / M ‘] N | \ﬁ 1 | oupa Functon Precison [ 50001 — Same absolute precision required for output value & output
Y W W
L% |L|'| \rj o y M‘ '.'uq ﬂ |A"IJ N '|J ' l"‘ Activation Function m . . e .
oosl | N A \ | I e function in both optimizations.
‘ Visualisation Parameters ——S\ . . . .
o V \ Show (SR ~ | MLP model uses linear output activation function
ot l N\
Results H i imi 1
el \yf _ Hwﬂmsm'mﬁmm MLP model uses scaled conjugate gradient optimization or
NDimersonl Encr s [ 0211615 ) guasi-newton optimization
0.2 ' : ' ' C
0 50 100 150 200 250 urent Status .
Sample Testing Finished Outputs; Errors; and Learning rate.
Start | Reset
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Assignment:
1. Download NeuCom.
2. Use the attached iris.csv to model MLP for classification.
1. Use split ratio of 50/50 and check the accuracy.
2. Change the number of training cycles to 50. check accuracy.
3. Use the attached gasfurnace.csv to model MLP for prediction.
1. Use split ratio of 50/50 and check the accuracy.
2. Change the number of hidden nodes to 10. check accuracy.

4. Email results to nkasabov@aut.ac.nz & iabouhassan@tu-sofia.bg
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