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a5 Lesson 7
Supervised Machine Learning

Working with labelled datasets

Organization of neuron networks

Training neuron networks

Prediction with neuron networks
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Machine learning procedure

Neuron network learns and applies results of learning

collect dataset or get data in real time
train neuron network — adjust NN parameters for your task
test neuron network — check how it recognizes new data

use neuron network — practical use for prediction,
recognition, classification, recommendation, control

upload NN onto FPGA — Field Programmable Gate Arrays —
Al in a box
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Examples of FPGA
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Types of machine learning

Learn and make predictions, find patterns, or classify data

* suprvised — labelled training sets and data — recognize
and classify data (fruits or vegatables, cats or dogs)

* unsupervised — unlabelled data — identify patterns and
make decision — clustering (customer preferences)

* reinforced — learn by interacting with its environment
and getting a positive or negative reward (traffic control)
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Supervised learning

Supervised learning describes a class of problem that involves

using a model to learn a mapping between input examples and
the target variable.

Models are fit on training data comprised of inputs and outputs
and used to make predictions on test sets where only the inputs
are provided and the outputs from the model are compared to
the target variables and used to estimate the skill of the model.

Classification: Supervised learning problem that involves
predicting a class label.

Regression: Supervised learning problem that involves predicting
a numerical label.
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Supervised learning example scheme

Labeled Data

Q Prediction Jare
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A Model Training
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Q — Test Data
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Triangle
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How to train NN

Error signal based correction

X (ingut] Neural
MNeltwork '
Error Signal .
{0-¥]
Error
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CGenerator
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D {Desired Output)
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Neuron network for deep learning

Input Layer Hidden Layers Output Layer
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Models for supervised learning

Basic models

Nearest Neighbor

Naive Bayes

Decision Trees

Linear Regression

Support Vector Machines (SVM)
Neural Networks
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Machine learning with Orange

Draw workflow, attach dataset, and use

 Model:

e Calibrated Learning, kNN, Tree, Random Forest, Gradient Boosting,
SVM, Linear Regression, Logistic Regression, Naive Bayes, Ada Boost,
Curve Fit, Neural Network, Stochastic Gradient descend

e Evaluate:

* Test and Score, Prediction, Confusion Matrix, ROC Analysis,
Performance Curve, Calibration Plot

AccAROTID BUSINESS SCHOOL



Classifying with Orange

@ ml-iris.ows - Orange
File Edit View Widget Optiocns Help

Data ”
Transform

Visualize
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Predictions Mbris s
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Select a widget to show its description,

See workfl
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Training data set - irises

] Data Table Train - Orange

Info

150 instances (no missing data)
4 features

Target with 3 values

Mo meta attributes,

Variables
Show variable labels (if present)

[ visualize numeric values
Color by instance dasses

Selection
Select full rows

| Restore Original Order |

Send Automatically

2 B | #1150 3150150

P Type here to search

— O X
iris sepal length sepal width petal length petal width ~
3 _ 45 30 14 0.2 O1 Training File - Orange — O *
3 Iris-setosa 47 32 13 02 Source
4 lissetosa 16 3.1 15 02 ® File: |irs.tzb | || 'Reload |
O URL: | ‘period 1= 1646433440 &period2 = 1677569440 &interval = 1d&events =historyGindude AdjustedClose =true V|
¢ s e d
TIris flower dataset
0 _ 49 31 13 0.1 Classical dataset with 150 instances of Iris setosa, Iris virginica and Iris versicolor.
i ssetosa 4 37 15 02
150 instances
12 _ 4.8 34 16 0.2 4 features (no missing values)
Classification; categorical dass with 3 values (no missing values)
13 _ 48 3.0 14 0.1 0 meta attributes
14 _ 43 30 [ 0.1 Columns (Double dick to edit)
Name Type Role Values
17 _ 5.4 2.9 12 0.4 1 sepal length @ numeric feature
18 _ 5.1 35 14 03 2 sepal width M numeric feature
etal lengtl numeric eature
o flissetosa 5.1 38 15 03 P
21 _ 5.4 34 1.7 0.2 4 petal width M numeric feature
Reset
2 flissetesa 43 34 19 02 — sl
28 _ 5.0 3.0 1.6 0.2 |Browse documentation dat:sets|
2B |30
2 [lisssetosa 52 34 14 02
n lhissetosa 47 32 16 02
L2, 10 24 1e na <

'
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Prediction

L Predictions - Orange - d

Show probabilities for | (Mong) m
Random Forest sepal length sepal width petal length petal width 2

1 Iris-setosa 5.1 1.4

2 Iris-setosa 4.9 .4

3 Iris-setosa 4.7 i3

4 Iris-setosa 46 3

5 Iris-setosa 50 .4

] Iris-setosa 5.4 1.7

T Iris-setosa 4.6 i14

] Iris-setosa 50 3

9 lris-setosa 4.4 1.4

10 Iris-setosa 49 3

11 Inis-setosa 5.4 )

12 Inis-setosa 4.8 .8

13 Iris-setosa 4.8 4

14 Iris-setosa 4.3 A

15 Iris-setosa 5.8

16 Iris-setosa 5.7

17 Iris-setosa 5.4

18 Iris-setosa 5.1

19 Iris-setosa 5.7

20 Iris-setosa 5.1

21 Iris-setosa 5.4

22 Iris-setosa 5.1

23 Iris-setosa 4.6

24 Iris-setosa 5.1 J

25  Iris-setosa 4.8 9

26 lIris-setosa 5.0 1.6

27 lIris-setosa 5.0 1.6

28 Iris-setosa 5.2 1.5 ¥

2 B | Hsole 5150

£ Type here to search
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@& ml-iris-multi.ows* - Orange

— ®

File Edit View Widget Options Help
]
DI] Data "
Transform D
P

|£ Visualize Data Table Train
——
";-'1_' Model hats

@ : L] . .oy D 4 15&‘ IA" Evaluation Results E
2l ‘m A% oA \

dels
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=
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.
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{1
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e T Meural Network .ﬂ%
LA kY
Save Model  Load Model D

% Predictions
Select a widget to show its description. Predict File D

See N , or open the

omparing mo

Data Table Predict

C
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Prediction

U Predictions - Orange — *
Show probabilities for | (Mone) ~ |Restore Original Drderl
SV kMM Random Forest  Meural Metwork sepal length sepal width petal length petal width &4

1 Iris-setosa Iris-setosa Iris-setosa Iris-setosa 5.1 0.2

2 Iris-setosa Iris-setosa Iris-setosa Iris-setosa 49 2

3 Iris-setosa Iris-setosa Iris-setosa Iris-setosa a7 2

4 Iris-setosa Iris-setosa Iris-setosa Iris-setosa 46 2

5 Iris-setosa Iris-setosa Iris-setosa Iris-setosa 5.0 2

& Iris-setosa Iris-setosa Iris-setosa Iris-setosa 5.4 4

T Iris-setosa Iris-setosa Iris-setosa Iris-setosa 46 3

] Iris-setosa Iris-setosa Iris-setosa Iris-setosa 5.0 2

9 Iris-setosa Iris-setosa Iris-setosa Iris-setosa 44 2

10 Iris-setosa Iris-setosa Iris-setosa Iris-setosa 49 1

11 Iris-setosa Iris-setosa Iris-setosa Iris-setosa 5.4 2

12 Iris-setosa Iris-setosa Iris-setosa Iris-setosa 48 2

13 Iris-setosa Iris-setosa Iris-setosa Iris-setosa 48 1

14 Iris-setosa Iris-setosa Iris-setosa Iris-setosa 43 1

15 Iris-setosa Iris-setosa Iris-setosa Iris-setosa 5.8 2

16 Iris-setosa Iris-setosa Iris-setosa Iris-setosa 5.7 4

17 Iris-setosa Iris-setosa Iris-setosa Iris-setosa 5.4 4

18 Iris-setosa Iris-setosa Iris-setosa Iris-setosa 5.1 3

19 Iris-setosa Iris-setosa Iris-setosa Iris-setosa 5? 3

20 Iris-setosa Iris-setosa Iris-setosa Iris-setosa 5.1 3

21 Iris-setosa Iris-setosa Iris-setosa Iris-setosa 5.4 2

22 Iris-setosa Iris-setosa Iris-setosa Iris-setosa 5. 4

23 Iris-setosa Iris-setosa Iris-setosa Iris-setosa 46 2

24 Iris-setosa Iris-setosa Iris-setosa Iris-setosa 5.1 5

25  Iris-setosa Iris-setosa Iris-setosa Iris-setosa 48 2

26 Iris-setosa Iris-setosa Iris-setosa Iris-setosa SD 2

27  Irnis-setosa Iris-setosa Iris-setosa Iris-setosa 5.0 4

28 lIris-setosa Iris-setosa Iris-setosa Iris-setosa 5.2 0.2 M
2 B | 2150 EEEE [ 150]-

L Type here to search
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g 62°F Partly sunny
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Test and Score

i Test and Score - Orange

(®) Cross validation
Mumber of folds:
Stratified

5 LT

Cross validation by feature

() Random sampling
Repeat trainftest: |10
Training set size: |66 %
Stratified

D Leave one out

() Test on train data

() Test on test data

>

— O >
Evaluation results for target |{Mone, show average over dasses)
Maodel AlC Cl F1 Precision Recall
Meural Metwork 0,993 0847 0,847 0,948 0947
SV 0997 0960 0.960 0.960 0960
kMM 0987 0967 0967 0.967 0967
Random Forest 0,991 0967 0967 0.967 0967
Compare models by: | Classification accuracy e [ ] negligible diff.: 0.1
Meural Metwork SVM kMM Random Forest
Meural Metwork 0,169 0187 0,187
SV 0.831 0.271 0.271
kM 0.813 0,729 0,500
Random Forest 0.813 0,729 0,500

Table shows probabilities that the score for the modal in the row is higher than that of the modeal in the colemin, Small numbers show the
probability that the difference i negligible.
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Confusion matrix

i Confusion Matrix - Orange — L] >
L
=eTE Show: |Mumber of instances e
SVM
kMM Predicted
Random Forest
Meural Metwork Iris-setosa Iris-versicolor Iris-virginica ¥
Iris-setosa 50 0 0 50
= Iris-versicolor 0 47 3 50
> 2
< Iris-virginica 0 3 47 50
¥ 50 50 50 150
Output
Predictions
[ ] Probabilities
Apply Automatically Select Correct Select Misdlassified Clear Selection
2?2 B | H 4150 B -]150

o EMBA E ’%"l":; s r(e m a
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ave the best trained model

& ml-iris-multi.ows” - Orange

Transform

O

<
Visualize
Data Table Train
pata
D (ce} " Evaluation Results v
LAl
% § A HE
Training File & Test and Score Confusion Matrix
SVM
A ¥
]
& L i
'.—1.’
] e 3
i ilz
kN 2
1
=5 |
. L ﬁ@; Made e
Linsar Logistic . =
Regression Regression Maive Bayes  AdsBoost E{ﬁ uﬁ
- L ] =
M g. ) Q Random Forest %% Save Model
] { iR
a W
Neural Stochastic . L) E R Save Model - Ora... ? x
Curve Network GradentDe.. =cking go 46%/
—— \-*1 Autosave when receiving new data
i:'ﬁ "ﬂ Meural Network %Eé. = .
D Data " - Save as iris-best.pkds
Save Model  Load Model v O% rediction ? | 'El |

Predict File g

Data Table Predict

Save a trained model to an output file.

*.‘-‘, 65°F Partly sunny
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Use saved model

& Predictions - Orange

Show probabilities for | (Mone) w

- X

Restore Original Orde

Random Forest sepal length sepal width
1 Iris-setosa 5.1 135 02
2 Iris-setosa 49 130 n2
3 Iris-setosa 4.7 13.2 0.2
4 lris-setosa 4.6 13,1 02
5 lris-setosa 5.0 136 D2
6  Iris-setosa 54 139 04
7 Iris-setosa A6 34 1.4 03
8 lris-setosa 5.0 34 1.5 02

”

& ml-iris-load-model.ows* - Orange

File Edit View Widget Options Help

—
[T | Data .
Transform

|£ Visualize

*&° | Model

7l2s Evaluate

l-.' ] -
s 8 m o
A - X EH® ¢
Test and . Confusicn ROCHC
Score S Mztri Anzhysis
Performance  Calibration hd

Select a widget to show its description.

P P
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See workflow examples, YouTube tutorizls, or open the

e

o

Load Model

Dalta

[

Predict File %‘é

Data Table Predict

Predictions
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Task 1

Find dataset, train and predict, save the best model

1. Fish
5 Birds * Find on Internet dataset according to
' your variant
3. Fruits . _
* Adjust dataset to have 3-5 species
4. \egetables _
5 Whales * Train and compare models
6. Mosquito * Adjust parameters of models
7. Viruses  Use models for prediction
8. Roses * Save and reuse the best model
9. Bushes

10.Trees e B} R \ Skema
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