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General View of Machine Learning
• Machine Learning is an area of
Artificial Intelligence
• Over the years there have been
contributions from other
scientific domains:
• Pattern matching
• Statistic
• Information systems

• And… various names
• Data Mining and Knowledge
Discovery

Figure from https://vas3k.com/blog/machine_learning/

General View of Machine Learning
• Artificial Neural Networks (ANN), or simply Neural
Networks are perhaps the most widely applied and
known method.
• Deep Learning Neural Networks have had great
success in recent years, but they are Neural
Networks
• Sometimes we hear “we apply techniques of
Artificial Intelligence, Machine Learninig, Neural
Networks and even Deep Learning”. The next
figure clarifies that we have concepts that are
embedded in each other. Deep Learning is a type
of Neural Network that is one of the Machine
Learning approaches that has long been the term
used by Artificial Intelligence for methodologies
that lead to systems that have the ability to learn
autonomously just as humans are able to do
• But Machine Learning systems also have their
problems, namely:
• They require a lot of data pre-processing effort
(erroneous, incomplete, uncertain data)
• Ability to handle untrained situations
• Ability to explain how they get their conclusions

Figure from https://vas3k.com/blog/machine_learning/

To say that a system uses AI, ML, ANN, and Deep Learning
is like saying a company has in the automobile fleet
Cars, Electric Cars, Teslas and Cybertrucks

AI Domains (some…)
Artificial Intelligence
Natural language
Game Theory
Intelligent robotics
Computer Vision
Automatic Planning and Optimization
Knowledge Based Systems
Expert Systems
Machine Learning
Neural Networks
Deep Learning
Agents
Ambient Intelligence…

Here we have a cat!
Andrew Ng – Stanford
University, Coursera,
Baidu
1000 computers for training
a Neural Network with 1 B conections
able to detect items (eg cats) in youtube
videos

Machine Learning techniques have been very successful,
but they also have their shortcomings and limitations
Including Deep Learninig!
2 Examples of Machine Learninig for Image Processing/Computer Vision:

They just identify what they were trained for

They are able to perform classification, prediction, etc.
but have difficulty understanding or explaining

A kind of Black Box
They are not exactly a magic box where data are input and knowledge is the output

Machine Learning
• ML represents a diferente way to develop systems

Classical Methods of Machine Learning
• Supervised Learning - someone has
previously indicated what is important to find
• Classification - Predict whether a particular item
falls into a previously identified category or
another
• For example, classify in a picture of a dog what is its
breed (chiuaua or labrador)

• Regression - we use the data we have to adapt to
the best representation of it

• For example, given a set of points on a graph y = f (x)
determine which straightline best approximates them

• Unsupervised Learning - you did not
previously specify what you wanted to find,
the system will have to find patterns by itself
• Clustering - There are no predefined classes, the
goal is to create these classes
• For example, targeting customers for a particular
product

• Dimension Reduction or Generalization - groups
known categories into more general categories
• Association - Associates Items
• For example, who buys a printer will also buy toners
or who buys red meat will probably buy red wines

Figure from https://vas3k.com/blog/machine_learning/

A good listing of ML algorithms is in
https://machinelearningmastery.com/a-tour-of-machine-learning-algorithms/

Decision Trees
• A tree representation is used
• They are widely used in Expert Systems
to represent expert knowledge in a
given domain
• But they can be created automatically
from machine learning methods,
especially for classification problems,
where a labeled data set is used to
create the decision tree that contains a
sequence of if-then-else questions
about individual characteristics
• The main methods are CART, ID3, C4.0,
C5.0, CHAID, M5
• Allow a certain level of explanation

Figure from http://cican17.com/machine-learning-with-tree-based-models/

Naïve Bayes
• Naïve Bayes classifier belongs to the
family of probability classifiers, using the
Bayes theorem
• The reason it is called "Naïve" is because
it requires a strict assumption of
independence between input variables.
• is one of the popular methods for solving
text categorization (sorting) issues, such
as the problem of judging documents as
belonging to one category or another,
such as email spam detection
• Other Bayesian methods for machine
learning are: Gaussian Naive Bayes;
Multinomial Naive Bayes; Averaged OneDependence Estimators (AODE); Bayesian
Belief Network (BBN); Bayesian Network
(BN)

P(Y=0)P(X1=B|Y=0)P(X2=S|Y=0)> P(Y=1)P(X1=B|Y=1)P(X2=S|Y=1) → Y=0

Example from https://towardsdatascience.com/introduction-to-na%C3%AFve-bayes-classifier-fa59e3e24aaf

Regression
• Linear Regression - approximating a
set of points to a line can be done
using the least squares method
• Nonlinear Regression - nonlinear
approximation, for example using a
polynomial function
• It is usual to remove outliers, points
that deviate far from the
predictable, usually due to errors
• Other regression methods are:
Logistic Regression; Stepwise
Regression; Multivariate Adaptive
Regression Splines (MARS); Locally
Estimated Scatterplot Smoothing
(LOESS)

Support Vector Machines
• Support Vector Machines (SVM) is a
type of supervised machine learning
algorithm that provides data analysis for
classification and regression
• Although they can be used for
regression, SVM is mainly used for
classification
• If we analyze the characteristics of our
data in n-dimensional space, the value
of each one will have specific
coordinates
• We can find the ideal hyperplane that
differentiates between the two classes
• Give us a safety measure of separation
between two classes
Figura retirada de https://data-flair.training/blogs/svm-support-vector-machine-tutorial/

K-Means
• K-Means is a Clustering Method
• The desired number of clusters is
defined (k)
• grouping is done by minimizing the
sum of squared distances
(Euclidean distances) between the
items and the corresponding
centroid
• Other clustering methods are kMedians, Expectation Maximization
(EM) and Hierarchical Clustering

Figure from http://mnemstudio.org/clustering-k-means-introduction.htm

Apriori Algorithm
• The Apriori Algorithms is an Association
Method
• A good example is that we make shopping
associations in a supermarket, for example,
who buys product X also buys product Y
• The level of support is defined, ie the
minimum of items in the data that can support
an association (2 in the example below, but for
real examples would have to be much higher)
• One sees support for individual products, one
eliminates those below the support level, then
joins 2 to 2, and one sees items in support,
one eliminates those below the support level
and so until you reach the largest number of
products that meet the support level
• Another alternative method for membership is
Eclat

Example from https://t4tutorials.com/apriori-algorithm-in-data-mining-with-examples/

Principal Component Analysis (PCA)
• Principal Component Analysis or PCA is a
technique used to reduce the
dimensionality of a large data set
• Reducing the number of components or
features costs some precision and, on
the other hand, makes a large dataset
simpler, easier to explore and visualize
• The method starts by normalizing,
obtaining vectors and eigenvalues,
applying the covariance matrix and
selecting the main components, building
the projection matrix and projecting it
into the new space with the main
components
Figure from https://ashutoshtripathi.com/2019/07/11/a-complete-guide-to-principal-component-analysis-pca-in-machine-learning/

Neural Networks
• We were born with ~ 100 billion
neurons
• A neuron can connect about 100,000
other neurons through signals
(electrochemical)
• Synapses (which bind neurons) can
release a number of chemical
transmitters
• The cumulative value that comes
from various synapses can activate
the neuron when it exceeds a certain
threshold value

Perceptron and Activation Functions

Simplifying the representation

Perceptron: produces output resulting from
application of an activation function on
the sum of a set of entries
affected by weights

Activation Function

Activation Functions

Figure from https://towardsdatascience.com/activation-functions-and-its-types-which-is-better-a9a5310cc8f

Feeding the network with data:

(1  0.25) + (0.5  (-1.5)) = 0.25 + (-0.75) = - 0.5
Assuming an activation role
Sigmoid the output value of the neuron is:

1
= 0.3775
0.5
1+ e

Feed-Forward Networks
The flow of information is unidirectional
Data is presented at the input layer
Pass through the middle layers
and activate the output layer

The information is distributed

Information processing can be in parallel

Example: Voice Recognition
• Task: Learn to distinguish 2 different voices saying “Hello”
• Data
• Sources
• Steve Simpson
• David Raubenheimer

• Format
• Frequency Spectrum Distribution (60 bins)

• ANN Architecture
• Feed forward
• 60 entries (one for each level of
the Frequency Spectrum)
• 6 hidden layers
• 2 outputs (0-1 for Steve, 1-0 for
David)

• Entering the Data
Steve

David

• Entering the Data (non-trained network)
Steve

0.43
0.26

David

0.73
0.55

• Error Calculation
Steve

|0.43 – 0|

= 0.43

|0.26 –1|

= 0.74

|0.73 – 1|

= 0.27

|0.55 – 0|

= 0.55

David

• Propagate back errors and adjunt weights
(Backpropagation)
Steve

0.43 – 0

= 0.43

0.26 – 1

= 0.74
1.17

David

0.73 – 1

= 0.27

0.55 – 0

= 0.55
0.82

Backpropagation

Gradient Descent
There are several Backpropagation methods – the most known is Gradient Descent
D={<(1,1),1>,<(-1,-1),1>,
<(1,-1),-1>,<(-1,1),-1>}
(w1,w2)

Gradient:
E[w]=[E/w0,… E/wn]
w=- E[w]

(w1+w1,w2 +w2)

wi=- E/wi
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Figure from: https://dokumen.tips/documents/foundations-of-learning-and-adaptive-systems-ics320-part-4-artificial-neural.html

Gradient Descent
Gradient-Descent(training_examples, )
Each training example is a pair in the format <(x1,…xn),t> where (x1,…,xn) is the
vector with entry values and t is the expected output value,  is the learninig rate
(eg 0.1)

Initialize each wi with a small random value
Until the ending condition is achieved, Do
Inicialize each wi with zero
For each <(x1,…xn),t> from treining_examples Do
Enter (x1,…,xn) in the linear unit and compute the output value o
For each weight from the linear unit wi Do
wi= wi +  (t-o) xi

For each weight from the linear unit wi Do
wi=wi+wi
28
Algorithm from: https://dokumen.tips/documents/foundations-of-learning-and-adaptive-systems-ics320-part-4-artificial-neural.html

• Repeat process for all training datasets
•
•
•
•

Enter data at entry
Check outputs and calculate errors
Propagate errors backwards (Backpropagation)
Adjust the weights between nodes of the Neural
Network

• Repeat the process many times (the error
decreases)

• After training the network we have values close to
the desired outputs

0.01
Steve

0.99

0.99
David

0.01

Process of Developing an ANN

The number of nodes in the input layer and output layer
depends on our problem

Example: Neural Network for handwritten
Digits recognition

Figures from http://neuralnetworksanddeeplearning.com/chap1.html

Some other examples
Neural network to forecast the price of a plane trip

Figure from https://www.houseofbots.com/news-detail/11733-4-know-how-deep-learning-works-heres-a-quick-guide-for-all-engineer

Figure from http://neuroph.sourceforge.net/tutorials/PredictingBreastCancer/PredictingBreastCancer.html

Neural network to diagnosis of Breast Cancer

Deep Learning
Deep Learning
Today the Cooking Machine of AI!
• Data Analytics
• Image/Video Understanding
• Natural Language Processing and Machine Deep Learning is a kind of architecture of a
Neural Network:
Translation
- more layers
• …and many more

- associated with some semantics
- ability for feature extraction
- outperforms other approaches to
increased performance as a function of size
- requires considerable hardware structure
involving parallelism, GPUs or FPGAs
- requires a lot of training time (days, months) but
short time for testing
- suitable for complex problems with
huge amounts of data (Computer Vision,
Natural Language, Big Data Analysis)
- purpose-specific architectures
Image -> Convolutional, Text -> Recurrent

Deep Learning

Figures from https://towardsdatascience.com/why-deep-learning-is-needed-over-traditional-machine-learning-1b6a99177063

And what led to this success in the evolution of Deep Learning?
• R&D evolution on Neural
Networks

• Namely the inclusion of more layers
in the networks and association of
these layers with some semantics

• High volume of data available
• Big Data

• Hardware Evolution

• Memory availability and processing
times allow you to create large
networks
• Network training has become much
faster
• Possibility of having neuronal
networks with millions of nodes
(neurons)

ImageNet
The ImageNet project is a huge
repository of images for use in
object recognition research.
Over ten million annotated images!

ILSVRC - ImageNet Large Scale
Visual Recognition Challenge, since
2010
ILSVRC 2017
• LOC - object location among 1000
categories
• DET - object detection among 200
image categories
• VID - object detection among 200
video sorted categories

Machine Learning Development Tools

