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Short Introduction

What do you mean by:
» Intelligence
» Artificial Intelligence
» Computational Intelligence
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Question

What would you like to learn
during this course?



http://home.agh.edu.pl/~horzyk/index-eng.php

/

» Models and methods of Computational Intelligence.

» Frameworks and notebooks for the development of
Computational Intelligence (Cl) solutions in Python.

» Tuning, regularization, optimization of models and
learning strategies.

» Deep learning of classic, convelutional and
recurrent models.

» Classification, detection, regression, and clustering.

» Associative and knowledge-based systems and
—  memaories.
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Notebooks and Frameworks X

Popular Notebooks:

-
upyter Jupyter Notebook Google Colab

%pular frameworks: Popular libraries:

v

YV VYV VW

‘\k
}

Tensorflow 2.0 »  numpy
Keras r »  scikit-learn ..
E\;Tmc . = pandas .
» mxnet
Theano ~»  matplotlib

Lasagne

DL4) (deep learning for Java) WW ‘ n ﬂ |
CNTK (MS Cognitive Toolkit) |

PaddlePaddle



http://home.agh.edu.pl/~horzyk/index-eng.php
https://jupyter.org/
https://colab.research.google.com/notebooks/intro.ipynb
https://colab.research.google.com/notebooks/intro.ipynb
https://jupyter.org/
https://colab.research.google.com/notebooks/intro.ipynb
https://numpy.org/
https://scikit-image.org/
https://pandas.pydata.org/
https://mxnet.apache.org/
https://matplotlib.org/
https://numpy.org/
https://scikit-image.org/
https://pandas.pydata.org/
https://mxnet.apache.org/
https://matplotlib.org/
https://www.tensorflow.org/guide/effective_tf2
https://keras.io/
https://pytorch.org/
https://caffe.berkeleyvision.org/
http://deeplearning.net/software/theano/
https://lasagne.readthedocs.io/en/latest/
https://deeplearning4j.org/
https://docs.microsoft.com/en-us/cognitive-toolkit/
https://pypi.org/project/paddlepaddle/
https://www.tensorflow.org/guide/effective_tf2
https://keras.io/
https://pytorch.org/
https://caffe.berkeleyvision.org/
http://deeplearning.net/software/theano/
https://lasagne.readthedocs.io/en/latest/
https://deeplearning4j.org/
https://docs.microsoft.com/en-us/cognitive-toolkit/
https://pypi.org/project/paddlepaddle/

Jupyter Notebook

s
s Jupyter Install AboutUs  Community Documentation NBViewer JupyterHub  Widgets Blog

Project Jupyter exists to develop open-source software, open-standards, and
services for interactive computing across dozens of programming languages.
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Google Colaboratory

CO Welcome To Colaboratory
g File Edit View Insert Runtime Tools Help

X + Code + Text # Copy to Drive

Table of contents

(O Welcome to Colaboratory!

<> Introducing Colaboratory

Getting Started Colaboratory is a free Jupyter notebook environment that requires no setup and runs entirely in the cloud.
O - : :
More Resources With Colaboratory you can write and execute code, save and share your analyses, and access powerful computing resources, all for free from
Machine Learning Examples: Seedbank your browser.
Section

© Introducing Colaboratory

This 3-minute video gives an overview of the key features of Colaboratory:

&3 Get started with Google Colaboratory, (C...

Intro to

Google Colab
=)

C Coding TensorFlow
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WHAT IS KERAS? :‘

Keras developed by Francois Chollet:

» s an official high-level and high-performing APl of TensorFlow used to
specify and train different programs.

* Runs on top of TensorFlow, Theano, MXNet, or CNTK.
* Builds models by stacking layers and connecting graphs.

* Is actively developed by thousands of contributors across the world,
e.g. Microsoft, Google, Nvidia, AWS.

* s used by hundred thousands of developers, e.g. NetFlix, Uber, Google,
Huawei, NVidia.

* Has a good amount of documentation and easy to grasp all concepts.

e Supports GPU both of Nvidia and AMD and runs seamlessly on CPU and
GPU.

e |s multi-platform (Python, R) and multi-backend.

* Allows for fast prototyping and leaves freedom to design and
architecture
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KERAS POSITIVE USER EXPERIENCE ‘::L

Keras:

Follows best practices for reducing cognitive load
Offers consistent and simple APIs.

Minimizes the number of user actions required for common use
cases.

Provides clear feedback upon user errors.
More productive than many other frameworks.

Integrates with lower-level Deep Learning languages like
TensorFlow or Theano.

Implements everything which was built-in the base language,
i.e. TensorFlow.

Produces models using GPU acceleration for various systems like
Windows, Linux, Android, iOS, Raspberry Pi.
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Keras model
* Use multi-input,
Branch into two or mc
* Share

AlexNet architecture

Input Tuaple

$84 384 250

-

clasiﬁcafion

-

« Shared parameters
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We can execute Keras model in two ways:

1. Deferred (symbolic)

* Using Python to build a computational graph, next
compiling and executing it.

* Symbolic tensors don’t have a value in the Python
code.

2. Eager (imperative)

 Here the Python runtime is the execution runtime,
which is similar to the execution with Numpy.

* Eager tensors have a value in the Python code.

 With the eager execution, value-dependent dynamic
topologies (tree-RNNs) can be constructed and used.
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NETWORK

ad
Prepare Input (e.g. text, audio, images, video) and specify
the input dimension (size).

Define the Model: its architecture, build the computational

graph, define the sequential or functional style of the model
and the kind of the network (MLP, CNN, RNN etc.).

Specify the Optimizers (Stochastic Gradient Descent (SGD),
Root Mean Square (RMSprop), Adam etc.) to configure the
learning process.

Define the Loss Function (e.g. Mean Square Error (MSE),
Cross Entropy, Hinge) for checking the accuracy of the
achieved prediction to adapt and improve the model.

Train using training data, Test using testing/validation data,
and Evaluate the Model.


http://home.agh.edu.pl/~horzyk/index-eng.php

install them using

tall pip in the virtual environment
sta --upgrade tensorflow # for python 2.7

stall --upgrade tensorflow # for python 3.*

ommended to install tensorflow with parameter —gpu to use GPU unit
e computations faster:

If successiully installed check in Jupyter Notebook the version of the
TensorFlow using:

M import tensorflow as tf
print ("TensorFlow version: " + tf. version_ )

TensorFlow version: 2.1.9
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We will try to crea
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e Jupyter Notebook z
o~ ‘
The Jupyter Notebook:

* is an open-source web application that allows you to create and share
documents that contain live code, equations, visualizations, and narrative text;

* includes data cleaning and transformation, numerical simulation, statistical
modeling, data visualization, machine learning, and much more.

@
_—
jupyter
o

We will use it to demonstrate various algorithms, so you are asked to install it.

Jupyter in your browser Install a Jupyter Notebook
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o ®
Jupyter | :“a

Install Jupyter using Anaconda with built in Python 3.7+

* It includes many other commonly used packages for scientific computing, data
science, machine learning, and computational intelligence libraries.

* It manages libraries, dependencies, and environments with Conda.

* |t allows developing and training various machine learning and deep learning
models with scikit-learn, TensorFlow, Keras, Theano etc.

* |t supplies us with data analysis including scalability and performance with Dask,
NumPy, pandas, and Numba.

* It quickly visualizes results with Matplotlib, Bokeh, Datashader, and Holoviews.

And run it at the Terminal ey | 1( Y| Y (
2 upyter Nump > SciP
(Mac/Linux) or Command _ "’ ﬁ }: @ 4 ‘_ Nza _.

Prompt (Windows):

DandaS | L@ I 9 | \V> | 2 4 Datashaderl

. #&matplotlib .@n H2° TensorFlow | CONDA
_) ANACONDA __ J 1 | | )



https://www.anaconda.com/distribution/
https://jupyter.readthedocs.io/en/latest/running.html#running
http://home.agh.edu.pl/~horzyk/index-eng.php

-
jupyter Anaconda Cloud
N’

_) ANACONDA CLOUD Search Anaconda Cloud n View v+ Help = J adrianhorz... -

My Anaconda Landscape

© Packages View all o © Notebooks View all o © Environments View all o

Get more information on how Get more information on how Get more information on how

to upload a Package. to upload a Notebook. to upload an Environment.
© Projects View all o) % Favorites View all o

No projects yet, upload one Favorite some packages,

here. notebooks, and environments

to get started!

© Activity Feed View more

& Welcome to Anaconda Cloud! 10 months and 22 hours ago

Anaconda Cloud allows you to create or distribute software packages.
Getting started: Installing your first package
Getting started: Distributing your first package
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Jupyter Notebook & PyCharm

2

It is recommended to install PyCharm for Anaconda:

Anaconda3 2019.03 (64-bit)
_) ANACONDA Anaconda + JetBrains

Anaconda and JetBrains are working together to bring you Anaconda-powered
environments tightly integrated in the PyCharm IDE.

PyCharm for Anaconda is available at:

https: //fwww.anaconda.com/pycharm

{") ANACONDA
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Jupyter Jupyter Notebook I 3

PyCharm is a python IDE for Professional Developers

* It includes scientific mode to interactively analyze your data.

= H S ¢« big_collections v C G 5 t S F Q #

©
»
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I
=
a
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Jupyter

I 'Jupyter Quit Logout

Running a Jupyter Notebook

iles Running Clusters

~

i n yo u r b rowse r ° Select items to perform actions on them. Upload | Mew~ &
e

« When the Jupyter Notebook o R

opens in your browser, you will see -

the Jupyter Notebook Dashboard,
which will show you a list of .
the notebooks, iles, and - f—
subdirectories in the directory S
where the notebook server was P
started by the command line o o
»jupyter notebook”. e

* Most of the time, you will wish to P
start a notebook server in the highest -
level directory containing notebooks. . R
Often this will be your home T S
directory. O L R *_2_90203”16'm e

& Untitled ipynb 3 dni temu 115 kB
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Starting a new Python notebook

2

Start a new Python notebook:
e Clicking New = Python 3

C 0 @ localhost:8888/tree ¥ @ Qn [a] @4 0 :
: J u pyter Quit Logout
Files Running Clusters
Select items to perform actions on them. Upload | New v | &

* And a new Python project in the Jupyter Notebook will be started:

: Jupyter Untitled Last Checkpoint: 4 minuty temu  (autosaved) ﬁ Logout

File Edit View Insert Cell Kernel Widgets Help Trusted | Python3 O

B+ = BB ¥ MRin B C M Code v | =@
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Jupyter

2

In the next assignments and examples, we well use the following packages:
* numpy is the fundamental package for scientific computing with Python.
* h5py is a common package to interact with a dataset that is stored on an H5 file.

« matplotlib is a famous library to plot graphs in Python.

* PIL and scipy are used here to test your model with your own picture at the end.

They must be imported:

In [2]:  dimport numpy as np
import matplotlib.pyplot as plt
import hSpy
import scipy
from PIL import Image
from scipy import ndimage
from 1lr utils import load dataset

%matplotlib inline


https://szyzjsuseqjcgnardvvexv.coursera-apps.org/notebooks/Week%202/Logistic%20Regression%20as%20a%20Neural%20Network/www.numpy.org
http://www.h5py.org/
http://matplotlib.org/
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P

Jupyter
p

Import o

In [1]:

M

NIS T Classification in Jupyter Notebook

Trains a simple ConvNet on the MNIST dataset. It gets over 99.60% test accuracy after 48 epochs

(but there is still a margin for hyperparameter tuning). Training can take an hour or so!'"’

# Import Libraries

from

__future__ import print_function

import numpy as np

import math

from math import ceil

import tensorflow as tf

import os

import seaborn as sns

import matplotlib.pyplot as plt # Library for plotting math functions

import pandas as pd

import keras # Import keras framework with various functions, models and structures

from
from
from
from
from
from
from
from
from

keras.datasets import mnist # gets MNIST dataset from repository
keras.models import Sequential

keras.layers import Dense, Dropout, Flatten

keras.layers import Conv2D, MaxPooling2D

keras import backend as K

keras.preprocessing.image import ImageDataGenerator
keras.callbacks import ReducelROnPlateau

sklearn import metrics

sklearn.metrics import confusion_matrix, classification_report

# Set parameters for plots

#matplotlib inline
plt.rcParams['image.interpolation’'] = 'nearest’
plt.rcParams['image.cmap'] = 'gray’

print ("TensorFlow version: " + tf.__version_)

TensorFlow version: 2.1.9

v
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Defining y

In [2]:

In [3]:

INISTClassification in Jupyter Notebook 5

” LABELS= [lel’ |1|1 |2|, |3|’ r4!, l5', I6I, |7|, ISI_.' rgl]

# Define the confusion matrix for the results
def show_confusion_matrix(validations, predictions, num_classes):
matrix = metrics.confusion_matrix(validations, predictions)
plt.figure(figsize=(num_classes, num_classes))
hm = sns.heatmap(matrix,
cmap="coolwarm’,
linecolor="white",
linewidths=1,
xticklabels=LABELS,
yticklabels=LABELS,
annot=True,
fmt="d")
plt.yticks(rotation = @) # Don't rotate (vertically) the y-axis Labels
hm.invert yaxis() # Invert the Llabels of the y-axis
hm.set_ylim(@, len(matrix))
plt.title( 'Confusion Matrix')
plt.ylabel( 'True Label')
plt.xlabel('Predicted Label')
plt.show()

M # Define hyperparameters

batch_size = 512 # size of mini-baches
num_classes = 10 # number of classes/digits: €, 1, 2, ..., 9
epochs = 3 # how many times all traing examples will be used to train the model

# Input image dimensions
img_rows, img_cols = 28, 28

# Split the data between train and test sets
(x_train, y_train), (x_test, y_test) = mnist.load_data() # 66606 training and 16000 testing example

4 4
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SSAVINIS T-Clas: sification in Jupyter Notebook g;

Sample training e
In [4]: M # Show a few sample digits from the training set
plt.rcParams|[ 'figure.figsize'] = (2.5, 2.5) # set default size of plots
coll = 1©
rowl = 1

q - - - Class5 Class0 Class4 Class1l Class9 Class2 Cl 1 Class3 Class1 Class 4
FAT o s e rooricrossssicEli. cEri ass ass ass ass ass ass ass ass ass ass

for index in range(©, coll*rowl): E;L
fig.add_subplot(rowl, coll, index + 1) d{
plt.axis( 'off")

plt.imshow(x_train[index]) # index of the sample picture
plt.title("Class " + str(y_train[index]))
plt.show()

# Show a few sample digits from the training set

plt.rcParams[  figure.figsize'] = (1.0, 1.0) # set default size of plots
col2 = 20
row2 = 1©

fig = plt.figure(figsize=(col2, row2))

for index in range(coll*rowl, coll*rowl + col2*row2):
fig.add_subplot(row2, col2, index - coll*rowl + 1)
plt.axis('of+"')
plt.imshow(x_train[index]) # index of the sample picture

plt.show()

4
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In [5]:

INIST Classification in Jupyter Notebook 5

M | # According to the different formats reshape training and testing data

if K.image_data_format() == 'channels_first':
x_train = x_train.reshape(x_train.shape[8], 1, img_rows, img_cols)
x_test = x_test.reshape(x_test.shape[@], 1, img_rows, img_cols)
input_shape = (1, img_rows, img_cols)

else:
x_train = x_train.reshape(x_train.shape[@], img_rows, img_cols, 1)
X_test = x_test.reshape(x_test.shape[0], img_rows, img_cols, 1)
input_shape = (img_rows, img cols, 1)

# Transform training and testing data and show their shapes

x_train = x_train.astype('float32") # Copy this array and cast it to a specified type

X_test = x_test.astype('float32") # Copy this array and cast it to a specified type

x_train /= 255 # Transfrom the training data from the range of @ and 255 to the range of 6 and 1
X_test /= 255 # Transfrom the testing data from the range of @ and 255 to the range of @ and 1
print('x_train shape:', x_train.shape)

print(x_train.shape[0], 'train samples’)

print(x_test.shape[©@], 'test samples')

# Convert class vectors (integers) to binary class matrices using as specific
y_train = keras.utils.to categorical(y_train, num_classes) # y train - a converted class vector 1int
y_test = keras.utils.to_categorical(y_test, num_classes) # y test - a converted class vector into ¢

4 4

x_train shape: (600006, 28, 28, 1)
60000 train samples
10000 test samples
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upyter \YINLISHE Classification in Jupyter Notebook 2
Building a l

In [6]: M # Define the sequential Keras model composed of a few lLayers
model = Sequential() # establishes the type of the network model
# Conv2D - creates a convolutional Llayer (https://kReras.io/layers/convolutional/#conv2d) with
# filters - specified number of convolutional filters
# kernel_size - defines the frame (sliding window) size where the convolutional filter is implement
# activation - sets the activation function for this layers, here RelU
# input_shape - defines the shape of the input matrix (vector), here input_shape = (1, img_rows, 1in
model.add(Conv2D(filters=32, kernel size=(3, 3),activation="relu’, input_shape=input_shape))
# model .add(Conv2D(32, (3, 3), activation='relu')) - shoter way of the above code
# MaxPooling2D pools the max value from the frame (sliding window) of 2 x 2 size
model.add(MaxPooling2D(pool size=(2, 2)))
model.add(Dropout(@.20)) # Implements the drop out with the probability of ©.20
model.add(Conv2D(64, (3, 3), activation='relu',padding="same'))
model.add(MaxPooling2D(pool size=(2, 2)))
model.add(Dropout(©.25))
model.add(Conv2D(128, (3, 3), activation='relu',padding="same'))
model.add(MaxPooling2D(pool_size=(2, 2)))
model.add(Dropout(©.30))
model.add(Conv2D(256, (3, 3), activation='relu',padding="same"))
#model . add (MaxPooling2D(pool_size=(2, 2)))
model.add(Dropout(©.40))
model.add(Conv2D(512, (3, 3), activation='relu',padding="same"))
#model . add (MaxPooling2D(pool size=(2, 2)))
model.add(Dropout(9.50))
# Finish the convolutional model and flatten the layer which does not affect the batch size.
model.add(Flatten())
# Use a dense layer (MLP) consisting of 256 neurons with relu activation functions
model.add(Dense(256, activation='relu'))
model.add(Dropout(©.35))
model.add(Dense(128, activation='relu'))
model.add(Dropout(©.25))
model.add(Dense(num_classes, activation='softmax'))
4 »
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Compilatic

In [8]: M # Compile the model using optimizer
model.compile(loss=keras.losses.categorical_crossentropy,
optimizer=keras.optimizers.Adadelta(), # choose the optimizer
metrics=["acc']) # List of metrics to be evaluated by the model during training and 1

# Learning rate reduction durint the training process: https://keras.io/callbacks/#reducelronplatec

learning_rate_reduction = ReducelLROnPlateau(monitor='val_acc', # quantity to be monitored (val_Llos:
factor=6.5, # factor by which the learning rate will be
patience=5, # number of epochs that produced the monitc
verbose=1, # ©: quiet, 1: update messages.
min_lr=0.001) # Lower bound on the lLearning rate

# Augmentation of training data. It generates batches of tensor image data with real-time data augn
datagen = ImageDataGenerator(

rotation_range=5, # rotate images in degrees up to the given degrees

Zoom_range=0.2, # zoom images

width_shift_range=0.15, # shift images horizontally

height_shift_range=0.15) # shift images vertically
# Computes the internal data stats related to the data-dependent transformations, based on an arra)
datagen.fit(x_train) # Fits the data generator to the sample data x_train.

# Simple train the model, validate, evaluate, and present scores
"'"history = model.fit(x_train, y_train,
batch_size=batch_size,
epochs=epochs, # no of training epochs
verbose=1, # © = silent, 1 = progress bar, 2 = one line per epoch
validation_data=(x_test, y_test),
validation_split=6.2, # cross-validation split 1/5
shuffle=True) # method of how to shuffle training and validation data "'’
# Advanced train the model, validate, evaluate, and present scores: https://kReras.io/models/model /#
history = model.fit_generator(datagen.flow(x_train, y_train, batch_size=batch_size),
epochs=epochs, # no of training epochs
steps_per_epoch=x_train.shape[@]//batch_size, # no of mini-batches
validation_data=(x_test, y_ test),
verbose=1l, # © = silent, 1 = progress bar, 2 = one lLine per epoch
callbacks=[learning_rate_reduction])
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Model evz

INISTClassification in Jupyter Notebook 5

Epoch 1/3
117/117 [==============================] - 239s 2s/step - loss: 1.9395 - acc: 0.2978 - val_loss: 1.8056 - val _acc: 9.6138
Epoch 2/3
117/117 [==============================] - 254s 2s/step - loss: ©.8777 - acc: 0.7117 - val _loss: 0.1801 - val_acc: 0.9456
Epoch 3/3
117/117 [==============================] - 252s 2s/step - loss: 0.3709 - acc: 0.8885 - val_loss: ©.0808 - val_acc: 9.9753

Evaluate, score and plot the accuracy and the loss

In [8]: M # Evaluate the model and print out the final scores for the test set

score = model.evaluate(x_test, y test, verbose=0) # evaluate the model on the test set
print('Test loss:', score[@]) # print out the lLoss = score[@] (generalization error)
print('Test accuracy:', score[l]) # print out the generalization accuracy = score[l] of the model on test set

# Plot training & validation accuracy values: https://keras.io/visualization/#training-history-visualization
plt.rcParams[ 'figure.figsize'] = (15.9, 5.9) # set default size of plots

plt.plot(history.history['acc']) # The history object gets returned by the fit method of models.
plt.plot(history.history['val_acc']) # val_accuracy

plt.title('Model accuracy')

plt.ylabel('Accuracy')

plt.xlabel('Epoch")

plt.legend(['Train', 'Test'], loc='upper left') # OR plt.legend(['Train', 'Validation'], Lloc='upper Lleft')
plt.show()

# Plot training & validation loss values: https://keras.io/visualization/#training-history-visualizatio
plt.plot(history.history['loss']) # The history object gets returned by the fit method of models.
plt.plot(history.history['val _loss'])

plt.title('Model loss"')

plt.ylabel('Loss")

plt.xlabel('Epoch")

plt.legend(['Train', 'Test'], loc ='upper left') # OR plt.legend(['Train’', 'Validation'], loc='upper left")
plt.show()

Test loss: ©.08078844527509063
Test accuracy: 0.9753000140190125


http://home.agh.edu.pl/~horzyk/index-eng.php

CERVINIS [ Classification in Jupyter Notebook @
® | 4
Model e

Test loss: ©.08078844527509063
Test accuracy: ©.9753000140190125

Model accuracy

10 4 -
Train
— Test
0.9 -
0.8 -
.. 0.7 -
'g 0.6 -
e Here is the presentation of only 3 learning epochs!
' We usually train such networks for several dozen epochs,
Sl getting better results (accuracy) and smaller errors!
0.3 -
0.00 025 050 075 100 125 150 175 200
Epoch
Model loss
00 Train =
L= - Why results on test data are better than on train data?
Mini-batch mode and regularization mechanisms, such as Dropout and L1/L2 weight regularization,
50 are turned off at the testing time, so the model does not change as during training time.
. That is why the train error is always bigger, which can appear weird
in view of classic machine learning models.
8 100 -
0.75 A
0.50 A
0.25 A
0.00 -

0.00 025 050 075 100 125 150 175 200
Epoch
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In [11]: M # Use the trained model for predictions of the test data

y_pred_test = model.predict(x_test)

# Take the class with the highest probability from the test predictions as a winhning one
max_y_pred_test = np.argmax(y_pred_test, axis=1)

max_y_test = np.argmax(y_test, axis=1)

# Show the confution matrix of the collected results

show_confusion_matrix(max_y_test, max_y_pred_test, num_classes)

# Print classification report

print(classification_report(max_y test, max_y pred test))

MINISTClassification in Jupyter Notebook

precision
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In [1@]: M # Find out misclassified examples
classcheck = max_y_test - max_y_pred_test # @ - when the class i1s the same, 1 - otherwise
misclassified = np.where(classcheck = @)[9]
num_misclassified = len(misclassified)

# Print misclassification report

print('Number of misclassified examples: ', str(num_misclassified))
print('Misclassified examples:"')

print(misclassified)

# Show misclassified examples:
print('Misclassified images (original class : predicted class):')
plt.rcParams['figure.figsize'] = (2.5, 2.5) # set default size of plots
col = 10
row 2 * math.ceil(num_misclassified / col)
fig = plt.figure(figsize=(col, row))
for index in range(@,num_misclassified):
fig.add_subplot(row, col, index + 1 + col*(index//col))
plt.axis('off")
plt.imshow(x_test[misclassified[index]].reshape(img rows, img cols)) # index of the test sample picture
plt.title(str(max_y_test[misclassified[index]]) + ":" + str(max_y_pred_test[misclassified[index]]))
plt.show()

Number of misclassified examples: 247

Misclassified examples:

[ 18 62 78 151 160 184 206 241 247 259 264 320 324 376
412 420 435 479 497 511 542 571 582 619 629 646 674 684
691 717 726 740 774 810 829 881 916 926 938 947 956 1014

1639 1e5@ 1167 1112 1114 1119 1156 1182 1226 1228 1232 1247 1273 1279
1289 1299 1364 1393 1403 1453 1459 1527 1553 1621 1654 1709 1721 1754
1782 179@ 1813 1878 1941 1965 2016 2035 2043 2070 2118 2129 2130 2135
2148 2182 2189 2237 2266 2293 2387 2447 2454 2462 2535 2597 2607 2654
2659 2705 2780 2823 2896 2939 2959 2995 3069 3073 3132 3166 3240 3269
3288 3289 3330 3333 3441 3504 3533 3534 3567 3597 3604 3716 3726 3762
3767 3780 3808 3811 3906 3926 4001 4007 4013 4015 4063 4065 4078 4137

4145 4207 4212 4224 4265 4271 4360 4477 4482 4497 4500 4571 4575 4604

4639 4690 4751 4761 4783 4808 4814 4823 4838 4860 4874 4879 4880 4943

4956 5159 5176 5183 5209 5642 5654 5749 5835 5842 5858 5887 5888 5903

5906 5914 5937 6011 6023 6865 6071 6081 6091 6166 6585 6554 6555 6558

6571 6572 6576 6584 6617 6625 6651 6783 6796 6883 6895 7121 7259 7434

7473 7812 7899 7915 8081 8094 8115 8236 8243 8245 8316 8382 8408 8469

8509 8520 8527 9089 9015 9019 9024 9036 9071 9280 9505 9530 9539 9629

9642 9679 9729 9770 9850 9856 9892 9904 9922]


http://home.agh.edu.pl/~horzyk/index-eng.php

f@r VINIST CIassification in Jupyter Notebook EV

247 out Of 10’ Misclassified images (original class : predicted class):
incorrectly classi

L T
estpatiems: = [N [ P B3 K4 E1 K B EA [

One might

h 1 9:8 9:8 0:6 4.9 53 4:9 89 9:5 4:8 4:9
:lvady'

classifyi

a:5 4:9

BN EERRR
B REGERASES
NEREBEBAHERD

JI co

Wor

\


http://home.agh.edu.pl/~horzyk/index-eng.php

_—
Jupyter
o

Now, let’s tr

Epoch 1/5@©

INISTClassification in Jupyter Notebook

117/117 [==============================] - 271s 2s/step - loss: 1.9644 - acc:
Epoch 2/58

117/117 [==============================] - 270s 2s/step - loss: ©.8482 - acc:
Epoch 3/5@

117/117 [==============================] - 391s 3s/step - loss: ©.3834 - acc:
Epoch 4/5@©

117/117 [==============================] - 691s 6s/step - loss: ©.2535 - acc:
Epoch ©8037: ReducelLROnPlateau reducing learning rate to ©.25.

Epoch 38/5@

117/117 [==============================] - 3525 3s/step - loss: 0.08425 - acc:

Epoch 39/5@

117/117 [==============================] - 351s 3s/step - loss: 0.0418 - acc:

Epoch 46/58

117/117 [==============================] - 30l1s 3s/step - loss: 8.8425 - acc:

Epoch 41/5@

117/117 [==============================] - 360s 3s/step - loss: 8.8416 - acc:

Epoch 42/5@

117/117 [==============================] - 349s 3s/step - loss: 0.0446 - acc:

Epoch 43/5@

117/117 [==============================] - 353s 3s/step - loss: 0.0401 - acc:

Epoch 44/5@

117/117 [==============================] - 354s 3s/step - loss: 0.0487 - acc:

Epoch 45/5@

117/117 [==============================] - 3475 3s/step - loss: ©0.0406 - acc:

Epoch 46/58

117/117 [==============================] - 3535 3s/step - loss: ©.8403 - acc:

Epoch 47/50

117/117 [==============================] - 1063s 9s/step - loss: 6.6414 - acc:
Epoch 48/50

117/117 [==============================] - 949s 8s/step - loss: 0.0427 - acc:

Epoch 49/5@

117/117 [==============================] - 909s 8s/step - loss: 0.8386 - acc:

Epoch 00049: ReducelLROnPlateau reducing learning rate to ©.125.

Epoch 50/50

117/117 [==============================] - 891s 8s/step - loss: ©.0393 - acc:

©.2841

9.7236 -

©.8843 -

©.9239 -

.9877 -

.9878 -

.9877 -

.9879 -

.9871 -

.9882 -

.9883 -

.9887 -

©.9885 -

0.9885 -

0.9877 -

0.9887 -

0.9887 -

val loss:
val_loss:
val_loss:

val loss:

val _loss:
val loss:
val_loss:
val loss:
val loss:
val loss:
val _loss:
val loss:
val loss:
val_loss:
val loss:

val loss:

val loss:

©.8554

9.1902

©.088¢

©.0543

8.08122

@.e117

@.e122

@.0e116

08.0115

@.elle

@.el1e

@.eleé6

8.0118

0.0164

0.0111

0.0168

@.6111

val acc:
val_acc:
val_acc:

val acc:

val_acc:
val_acc:
val_acc:
val_acc:
val_acc:
val_acc:
val_acc:
val_acc:
val_acc:
val_acc:
val_acc:

val_acc:

val_acc:

0.9960

0.9962

0.9962

9.9963

v

©.6723
@.9377
©.9706

©.9819

.9956

.9955

.9959

.9961

.995¢

.9958

.9963

.9963

0.9963
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Test loss:

MINIST Classification in Jupyter Notebook

| 4

9.911101936267607016

Test accuracy: 0.99629998208709229

Accuracy

Loss

10 -

09 -

0.8 -

0.7 -

0.6

0.5 A

04 4

03 -

200 -

175 4

150 -

125 -

100 -

0.75 A

0.50 A

0.25 A

0.00 -

Model accuracy

Train
— Test

Epoch

Model loss

Train
— Test

Why results on test data are better than on train data?

Mini-batch mode and regularization mechanisms, such as Dropout and L1/L2 weight regularization,
are turned off at the testing time, so the model does not change as during training time.

That is why the train error is always bigger, which can appear weird

in view of classic machine learning models.

10 20 30 a0 50
Epoch



http://home.agh.edu.pl/~horzyk/index-eng.php

iIn Jupyter Notebook “v

Confusion Matrix Confusion Matrix

True Label

True Label

Predicted Label
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precision recall fl-score support precision recall fl-score support
.98 0.99
.00 9.98
.97 9.98
.95 0.99
.99 0.96
.96 0.99
.97 9.98
.99 0.96
.97 0.97
.95 0.96

.99 980
.99 1135
.98 1032
.97 1010
.98 982
.97 892
.98 958
.98 1028
.97 974
.96 1009

.00
.00
.00
.99
.99
.00
.00
.00
.00
.00

.00
.00
.00
.00
.00
.99
.99
.00
.00
.99

.00 980
.00 1135
.00 1032
.00 1010
.00 982
.99 892
.00 958
.00 1028
.00 974
.99 1009

WOV, WN RO
OO0 0O

7]
1
2
3
4
5
6
7
8
9

PO O
PR RPRRRPROOR LR
R R OORRRERERR
O R RPRORRREERR

®
=

.00 10000
.00 10000
.00 10000

daccuracy
macro avg

.98 10000 accuracy
.98 10000 macro avg
.98 10000 §f weighted avg

®
=

©

weighted avg

=


http://home.agh.edu.pl/~horzyk/index-eng.php

e

sl

L
The number c
3 epochs has c
resulting in an e

Number of misclassified examples: 37

Misclassified examples:

[ 359 445 582 659 674 716 947 1039 1232 1393 1737 1878 1981 2835
2130 2182 2414 2462 2597 2939 3225 3422 3762 4176 4620 4761 5654 5937
6558 6571 6576 8316 8376 8408 9530 9642 9729]

Misclassified images (original class : predicted class):
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In [6]:

CIFAR=10 Classification in Jupyter

Create the network structure

M # Define the sequential Keras model composed of a few Layers

model = Sequential() # establishes the type of the network model
# Conv2D - creates a convolutional Layer (https://keras.io/layers/convolutional/#conv2d) with
# filters - specified number of convolutional filters
# kernel _size - defines the frame (sliding window) size where the convolutional filter is implemented
# activation - sets the activation function for this Layers, here RelU
# input _shape - defines the shape of the input matrix (vector), here input shape = (1, img_rows, img cols)
model.add(Conv2D(64, kernel size=(3, 3),activation='relu’, input_shape=input_shape))
model.add(Conv2D(64, (3, 3), activation='relu'))
# MaxPooling2D pools the max value from the frame (sliding window) of 2 x 2 size
model.add(MaxPooling2D(pool_size=(2, 2)))
model.add(Dropout(@.25)) # Implements the drop out with the probability of 0.25
model.add(Conv2D(128, (3, 3), activation='relu',padding="same"))
model.add(Conv2D(128, (3, 3), activation='relu',padding="same"))
model.add(MaxPooling2D(pool_size=(2, 2)))
model.add(Dropout(0.25))
model.add(Conv2D(256, (3, 3), activation='relu',padding="same"))
model.add(Conv2D(256, (3, 3), activation='relu',padding="same"))
model.add(MaxPooling2D(pool size=(2, 2)))
model.add(Dropout(@.35))
# Finish the convolutional model and flatten the Layer which does not affect the batch size.
model.add(Flatten())
# Use a dense Layer (MLP) consisting of 256 neurons with relu activation functions
model.add(Dense(256, activation='relu"))
model.add(Dropout(@.35))
model.add(Dense(128, activation='relu"))

(

(

P e T T i e T

model.add(Dropout(0.25))
model.add(Dense(num_classes, activation='softmax'))
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In [7]:

CIFAR=TO Classification in Jupyter

Compile and train the network

M # Compile the model using optimizer

model.compile(loss=keras.losses.categorical crossentropy,
optimizer=keras.optimizers.Adadelta(),
metrics=['acc']) # List of metrics to be evaluated by the model during training and testing: https://keras.io/n

# Learning rate reduction durint the training process: https://keras.io/callbacks/#reducelronplateau

learning_rate_reduction = ReduceLROnPlateau(monitor="val _acc', # quantity to be monitored (val_Lloss)
factor=0.5, # factor by which the learning rate will be reduced. new_Lr = Lr * f
patience=5, # number of epochs that produced the monitored quantity with no imprc
verbose=1, # 0. quiet, 1: update messages.
min_lr=0.001) # Lower bound on the learning rate

# Augmentation of training data. It generates batches of tensor image data with real-time data augmentation. The data will be
datagen = ImageDataGenerator(

rotation_range=10, # rotate images in degrees up to the given degrees

width_shift_range=0.1, # shift images horizontally

height_shift_range=0.1, # shift images vertically

horizontal flip=True) # flip images (left<->right)
# Computes the internal data stats related to the data-dependent transformations, based on an array of samples x_train
datagen.fit(x_train)

# Train the model, validate, evaluate, and present scores
history=model.fit_generator(datagen.flow(x_train, y_train, batch_size=batch_size),
epochs=epochs,
steps_per_epoch=x_train.shape[0]//batch_size, # no of mini-batches
validation_data=(x_test, y_test),
verbose=1,
callbacks=[learning_rate_reduction])
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Test loss: 2.15070©28587232664
Test accuracy: ©0.2071000039577484

Model accuracy
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L
L]

Let’s train the

error (val_loss
Epoch 1/50
97/97 [==============================] - 9555 10s/step - loss: 2.2744 - acc: 0.1426 { val _loss: 2.089F 4 val_acc: 0.2247
Epoch 36/50 . .
97/97 [==============================] - 751s 8s/step - loss: ©.6174 - acc: 0.7896 4 val_loss: 0.507) {4 val_acc: ©.8291
Epoch 37/50
97/97 [==============================] - 746s 8s/step - loss: ©.6093 - acc: 0.7926 4 val_loss: 0.501f {4 val_acc: ©.8312
Epoch 38/50
97/97 [==============================] - 8425 9s/step - loss: ©.5998 - acc: ©.7955 4 val_loss: ©.508B 4 val_acc: ©.8342
Epoch 39/5@
97/97 [==============================] - 825s 9s/step - loss: ©.5840 - acc: ©.8012 4 val_loss: ©.518f 4 val_acc: 0.8230
Epoch 40/50
97/97 [==============================] - 784s 8s/step - loss: ©.5759 - acc: ©.8040 4 val_loss: ©.5108 4 val_acc: ©.8297
Epoch 41/5@
97/97 [==============================] - 750s 8s/step - loss: ©.5727 - acc: ©.8028 4 val_loss: ©.497F 4 val_acc: 0.8346
Epoch 42/50
97/97 [==============================] - 746s 8s/step - loss: 0.5466 - acc: ©.8147 4 val_loss: ©.5339 4 val_acc: 0.8244
Epoch 43/50
97/97 [==============================] - 737s 8s/step - loss: ©.5483 - acc: ©.8123 4 val_loss: ©.4849 {4 val_acc: ©.8422
Epoch 44/580
97/97 [==============================] - 746s 8s/step - loss: ©.5380 - acc: ©.8161 4 val_loss: ©.566fF 4 val_acc: ©.8069
Epoch 45/580
97/97 [==============================] - 732s 8s/step - loss: ©.5195 - acc: ©.8235 4 val_loss: ©.550p {4 val_acc: ©.8169
Epoch 46/580
97/97 [==============================] - 688s 7s/step - loss: ©.5188 - acc: ©.8273 4 val_loss: ©.5788 {4 val_acc: ©.8143
Epoch 47/50
97/97 [==============================] - 292s 3s/step - loss: 0.5134 - acc: ©.8242 4 val_loss: ©.460B {4 val_acc: ©.8477
Epoch 48/50
97/97 [==============================] - 2965 3s/step - loss: 0.4951 - acc: ©.8319 4 val_loss: ©.5579 4 val_acc: 0.8194
Epoch 49/58
97/97 [==============================] - 282s 3s/step - loss: 0.4917 - acc: ©.8320 4 val_loss: ©.4934 {4 val_acc: ©.838@
Epoch 58/58
97/97 [============================== 3s/step val loss: val_acc:
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Test loss: ©.4984995872974396
Test accuracy: ©.8385000228881836

Model accuracy

Train
08 { —— Test

0.7 4

0.6

0.5 -

Accuracy

04 4

03 -

02 1

Epoch

Model loss

| Train »
1= Why results on test data are better than on train data?
2001 Mini-batch mode and regularization mechanisms, such as Dropout and L1/L2 weight regularization,
175 - are turned off at the testing time, so the model does not change as during training time.
That is why the train error is always bigger, which can appear weird
a0 in view of classic machine learning models.
5
125 -
100 A
0.75 -
0.50 -
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precision recall fl1l-score support precision recall fl1l-score support

0 0.20 0.62 0.30 1000 0 0.87 0.88 0.87 1000

1 0.23 0.48 8.32 1000 1 0.94 0.94 0.94 1000

2 0.00 0.00 .00 1000 2 0.81 0.78 0.79 1000

3 .14 .14 0.14 1000 3 0.79 .57 0.67 1000

4 0.00 0.00 .00 1000 4 0.84 0.77 0.80 1000

5 0.18 0.13 .15 1000 5 0.81 .76 0.78 1000

6 0.50 0.00 8.01 1000 6 0.69 0.96 0.80 1000

7 0.20 0.02 0.04 1000 7 0.89 0.89 0.89 1000

8 0.21 0.37 0.27 1000 8 0.94 0.90 0.92 1000

9 0.23 .31 .27 1000 9 0.85 0.94 0.89 1000
accuracy Q. 10000 accuracy 0.84 10000
macro avg Q. 10000 macro avg 0.84 10000
weighted avg Q. 10000 Jweighted avg . . 0.84 10000
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Number of misclassified examples:
Misclassiflied examples:
[ % 3 4 ... 9994 9995 9999]

Number of misclassified examples:

Misclassifled examples:
[ 9 15 24 ... 9982 9985 9996]

e
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