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Machine learning is a subfield of artificial intelligence that involves the development
of algorithms that allow computers to learn from data, without being explicitly programmed.
It involves the use of statistical models and algorithms to analyze and identify patterns in
data, and make predictions or decisions based on that data. Machine learning algorithms are
capable of improving their performance as they are exposed to more data, allowing them to
automatically adapt and improve over time. Machine learning is widely used in a variety of
applications such as image and speech recognition, natural language processing,
recommendation systems, and predictive analytics.

“Machine learning is the science (and art) of programming computers so they can learn from
data,”
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I. MACHINE LEARNING HAS MANY APPLICATIONS ACROSS VARIOUS
INDUSTRIES AND DOMAINS, SOME OF WHICH INCLUDE

Image and speech recognition

b .Natural language processing

Predictive maintenance

Fraud detection

Customer segmentation and personalization

Stock market prediction

Healthcare diagnosis and treatment recommendation
Recommender systems

Predictive modeling for climate change and weather forecasting
Self-driving cars and autonomous vehicles.

—mSe o oooTe

These are just a few examples of the many potential applications of machine learning.
The specific use cases will vary depending on the data and problem that is being addressed,
as well as the goals of the project and the resources available. In general, machine learning is
used to automate tasks that would otherwise be performed by humans, to make predictions
and recommendations, and to optimize processes and systems.

Il. STEPS OF MACHINE LEARNING

a. Problem definition: Define the problem you want to solve and determine the target
variable.

b. Data collection: Gather relevant data to solve the problem.

c. Data exploration: Analyze and understand the data, including cleaning and
transforming it if necessary.

d. Model selection: Choose the appropriate model based on the problem and data.

e. Model training: Train the model using the data.

f. Model evaluation: Evaluate the model using appropriate metrics to determine its
performance.

g. Model deployment: Deploy the model in a production environment, integrating it
with other systems if necessary.

The 7 steps of machine learning are a systematic approach to building predictive
models. Firstly, the problem needs to be defined and the target variable identified. This is
followed by data collection, where relevant data is gathered to solve the problem. After that,
data exploration is carried out to analyze and understand the data, including cleaning and
transforming it if necessary. The next step is model selection, where an appropriate model is
chosen based on the problem and data. The model is then trained using the data. Following
training, the model is evaluated using appropriate metrics to determine its performance.
Finally, the model is deployed in a production environment and integrated with other systems
if necessary. These steps ensure that machine learning models are built in a structured and
repeatable manner, which leads to better results and reduces the risk of failure.
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Figure 2: (Steps of Machine Learning)

L. TYPES OF MACHINE LEARNING

a.

Supervised learning: This type of machine learning involves training a model on
labeled data, where the target variable is known. The model makes predictions based
on the relationships between the features and target variable.

Unsupervised learning: This type of machine learning involves training a model on
unlabeled data, where the target variable is unknown. The model discovers patterns
and relationships in the data without being guided by a specific outcome.

Reinforcement learning: This type of machine learning involves training a model to
make decisions in an environment by receiving rewards or punishments based on its
actions. The model learns over time to maximize its rewards.

Semi-Supervised learning: This type of machine learning combines both supervised
and unsupervised learning. It involves training a model on a combination of labeled
and unlabeled data, where the model can leverage the relationships learned from the
unlabeled data to make better predictions on the labeled data.

Transfer learning: This type of machine learning involves using a pre-trained model
as a starting point and fine-tuning it for a new task, rather than training a model from
scratch. This can save time and resources and improve model performance.
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A. Supervised Machine Learning

Supervised machine learning is a type of machine learning where the model is trained
on labeled data, where the target variable is known. The goal of supervised learning is to
build a model that can make predictions about the target variable based on the relationships
between the features and the target variable.

In supervised learning, the model is presented with input data (features) and
corresponding output data (labels). The model is trained to learn the relationships between the
input data and output data. Once the model is trained, it can be used to make predictions on
new, unseen data by applying the relationships it learned during training.

Supervised learning is used in a variety of applications, such as image classification,
sentiment analysis, and fraud detection. The choice of model used for supervised learning
will depend on the specific problem being solved and the characteristics of the data. Common
models used in supervised learning include linear regression, decision trees, and support
vector machines.

Supervised learning is a powerful tool for making predictions by learning
relationships between features and target variables in labeled data.

A.1 Usage of Supervised Machine Learning

Image Classification: Supervised machine learning can be used to classify images into
different categories, such as animals, objects, or scenes.

Sentiment Analysis: Supervised machine learning can be used to analyze the sentiment of
text data, such as product reviews or social media posts, to determine if they are positive,
negative, or neutral.

Fraud Detection: Supervised machine learning can be used to detect fraudulent transactions
by learning patterns in the data and flagging transactions that deviate from those patterns.

Predictive Maintenance: Supervised machine learning can be used to predict when
equipment will fail, allowing maintenance to be performed before a failure occurs.

Customer Segmentation: Supervised machine learning can be used to segment customers
into different groups based on their purchasing behavior, allowing for targeted marketing
campaigns.

Sales Forecasting: Supervised machine learning can be used to forecast future sales based on
historical sales data and other relevant features.

Recommendation Systems: Supervised machine learning can be used to recommend
products or content to users based on their past behavior.

Health care: Supervised machine learning can be used to predict patient outcomes, diagnose
diseases, and personalize treatment plans.
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A.2 Types of Supervised Machine Learning

a.

Regression: This type of supervised learning is used for predicting a continuous target
variable, such as the price of a stock or the temperature tomorrow. For example, a linear
regression model could be used to predict the price of a house based on its size, location,
and other features.

Classification: This type of supervised learning is used for predicting a categorical target
variable, such as whether a customer will buy a product or not. For example, a logistic
regression model could be used to classify whether an email is spam or not.

Logistic regression: This type of supervised learning is used for binary classification
problems, where the target variable can take on only two possible values. For example, a
logistic regression model could be used to predict whether a patient has a disease or not.

Decision trees: This type of supervised learning builds a tree-like model that uses a series
of decisions based on the features to predict the target variable. For example, a decision
tree model could be used to predict which type of loan a customer is likely to choose.

Random forest: This type of supervised learning is an ensemble of decision trees, where
multiple trees are trained and combined to make predictions. For example, a random forest
model could be used to predict whether a customer will churn or not.

Support vector machines (SVM): This type of supervised learning uses a boundary
called a hyperplane to separate the data into classes. For example, an SVM model could be
used to classify images of handwritten digits.

Naive bayes: This type of supervised learning uses Bayes' theorem to make predictions
based on the likelihood of a target variable given the features. For example, a Naive Bayes
model could be used to predict the sentiment of a movie review as positive or negative.

Neural networks: This type of supervised learning uses artificial neural networks to
model complex relationships between the features and target variable. For example, a
neural network model could be used to predict the prices of stocks.
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Figure 4: (Supervised Machine Learning)
B. Unsupervised Machine Learning

Unsupervised learning algorithms can be divided into two main categories: clustering
and dimensionality reduction. Clustering algorithms aim to group similar data points
together, while dimensionality reduction algorithms aim to reduce the number of features in
the data while preserving its structure.

Examples of unsupervised learning algorithms include k-means clustering,
hierarchical clustering, and principal component analysis. These algorithms are useful in a
variety of applications, such as customer segmentation, anomaly detection, and data
visualization.

In unsupervised learning, there is no right or wrong answer, and the quality of the
model is often determined by subjective measures such as the interpretability of the results
and their usefulness in a particular domain. However, unsupervised learning can be more
challenging than supervised learning because the model is not guided by a specific outcome,
and it is more difficult to evaluate the performance of the model.

Despite these challenges, unsupervised learning is an important tool in the machine
learning arsenal and has many real-world applications. It provides valuable insights into the
underlying structure of the data and can lead to the discovery of new patterns and
relationships.

B.1 Usage of Unsupervised Machine Learning

Customer Segmentation: Grouping customers into segments based on their behavior,
preferences, and purchasing habits.
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Anomaly Detection: Detecting unusual or unexpected behavior in a data set, such as fraud
detection or network intrusion.

Data Visualization: Reducing the dimensionality of a data set for easy visualization and
interpretation.

Recommender Systems: Recommend products or items to users based on their past behavior
and preferences.

Image and Speech Processing: Clustering images or speech segments to identify patterns
and relationships.

Natural Language Processing: Grouping words into topics and identifying relationships
between words.

Fraud Detection: Identifying unusual patterns or behavior in financial transactions that may
indicate fraud.

Text Clustering: Grouping documents into categories based on their content.

Image Compression: Reducing the size of an image while preserving its features and
structure.

Gene Expression Analysis: Identifying patterns and relationships in gene expression data for
biological research.

B.2 Types of Unsupervised Machine Learning

a. Clustering: This type of unsupervised machine learning is used to group similar data
points into clusters. For example, grouping customers into segments based on their
purchasing habits.

b. Dimensionality reduction: This type of unsupervised machine learning is used to reduce
the number of features in a data set while preserving its structure. For example, reducing
the number of variables in a high-dimensional data set for visualization or further
analysis.

c. Anomaly detection: This type of unsupervised machine learning is used to identify
unusual or unexpected patterns in a data set. For example, detecting fraud in financial
transactions.

d. Association rule learning: This type of unsupervised machine learning is used to find
relationships between variables in a data set. For example, identifying items that are
frequently purchased together in a grocery store.

e. Auto encoders: This type of unsupervised machine learning is used to learn a compact

representation of a data set. For example, reducing the size of an image while preserving
its features and structure.
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f. Generative adversarial networks (GANS): This type of unsupervised machine learning
is used to generate new data samples that are similar to a training data set. For example,
generating realistic images of faces.

Unsupervised Learning in ML

Input Data Output

VeP®
e00¢e

Figure 5: (Unsupervised Machine Learning)
C. Reinforcement Machine Learning

Reinforcement machine learning is a type of artificial intelligence that focuses on
training models to make decisions in an environment by receiving rewards or punishments
based on their actions. The goal is to learn a policy, which is a mapping from states to
actions, that maximizes a reward signal over time.

In reinforcement learning, an agent interacts with an environment by observing the
state of the environment, taking an action, and receiving a reward or punishment. The agent's
goal is to maximize the total reward it receives over time. The agent learns from trial and
error, adjusting its policy based on the rewards and punishments it receives.

Reinforcement learning has applications in various fields such as gaming, robotics,
and autonomous systems. For example, it can be used to train a computer to play a game by
receiving rewards for good moves and punishments for bad moves. In robotics, reinforcement
learning can be used to train robots to perform tasks in an environment by receiving rewards
for successful completion and punishments for failure.

Reinforcement learning algorithms can be broadly categorized into two categories:
value-based and policy-based. Value-based algorithms learn a function that maps states to
values, which represent the expected reward for being in that state. Policy-based algorithms
learn a policy directly, without estimating a value function.

Reinforcement learning is an active area of research and continues to evolve, with
new algorithms and techniques being developed to solve morecomplex problems.

Copyright © 2023 Authors Page | 137



Machine Learning: An Art of Computer Thinking
e-ISBN: 978-93-6252-429-4

1P Series

OVERVIEW: MACHINE LEARNING

C.1 Usage of Reinforcement Machine Learning

Gaming: Reinforcement learning can be used to train Al agents to play games such as chess,
poker, and Go.

Robotics: Reinforcement learning can be used to train robots to perform tasks in real-world
environments, such as grasping objects or navigation.

Autonomous Systems: Reinforcement learning can be used to develop autonomous systems,
such as self-driving cars, that can make decisions in real-world environments.

Finance: Reinforcement learning can be used to develop trading algorithms for financial
markets.

Healthcare: Reinforcement learning can be used to optimize treatment plans for patients and
improve patient outcomes.

Marketing: Reinforcement learning can be used to optimize advertising and marketing
campaigns by learning from the outcomes of past actions.

Supply Chain Management: Reinforcement learning can be used to optimize supply chain
operations by making decisions about production, inventory, and transportation.

C.2 Types of Reinforcement Machine Learning

a. Value-based: Value-based reinforcement learning algorithms learn a function that maps
states to values, which represent the expected reward for being in that state. An example
of a value-based reinforcement learning algorithm is Q-Learning, which is used to train
Al agents to play games such as chess and Go.

b. Policy-based: Policy-based reinforcement learning algorithms learn a policy directly,
without estimating a value function. An example of a policy-based reinforcement learning
algorithm is REINFORCE, which is used in robotics to train robots to perform tasks such
as grasping objects or navigation.
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Figure 5: (Reinforcement Machine Learning)
D. Semi-Supervised Machine Learning

Semi-supervised machine learning is a type of machine learning where the algorithm
is trained on a mixture of labeled and unlabeled data. In traditional supervised learning, the
algorithm is trained on a dataset with labeled examples, where the label is the desired output
for a given input. In unsupervised learning, the algorithm is trained on a dataset with no
labels, and it must find patterns in the data without any guidance.

Semi-supervised learning aims to combine the strengths of both supervised and
unsupervised learning. By using a small amount of labeled data, the algorithm can learn the
underlying structure of the data and make predictions for new, unlabeled examples. This can
be especially useful in situations where obtaining labeled data is time-consuming, expensive,
or difficult.

Semi-supervised learning algorithms can be broadly categorized into two categories:
generative and discriminative. Generative algorithms model the joint distribution of the
inputs and labels, while discriminative algorithms model the conditional distribution of the
labels given the inputs.

Semi-supervised learning is an active area of research and continues to evolve, with
new algorithms and techniques being developed to handle increasingly complex datasets and
scenarios.

Some real-world examples of semi-supervised learning include natural language
processing tasks, such as text classification and named entity recognition, where large
amounts of unlabeled text data can be used to improve performance. Additionally, semi-
supervised learning can be used in image classification, where the algorithm is trained on a
combination of labeled and unlabeled images.
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D.1 Usage of Semi-Supervised Machine Learning

Natural Language Processing: Semi-supervised learning is often used in NLP tasks, such as
text classification, named entity recognition, and sentiment analysis. In these tasks, large
amounts of unlabeled text data can be used to improve the performance of the algorithm.

Image Analysis: Semi-supervised learning can be used in image classification tasks, where
the algorithm is trained on a combination of labeled and unlabeled images. This can be useful
when labeled data is limited, as the algorithm can still learn the underlying structure of the
data.

Healthcare: Semi-supervised learning can be used in healthcare to predict patient outcomes
or diagnose diseases. In these scenarios, a small amount of labeled data can be used to make
predictions for new, unlabeled patients.

Fraud Detection: Semi-supervised learning can be used to detect fraudulent activity in
financial systems. In these systems, labeled data is often limited, but the algorithm can still
learn from the vast amounts of unlabeled data to make predictions.

Marketing: Semi-supervised learning can be used in marketing to make predictions about
customer behavior. For example, the algorithm can learn from a combination of labeled data
about customers who have made a purchase and unlabeled data about customers who have
not made a purchase.

D.2 Types of Semi-Supervised Machine Learning:

a. Semi-supervised classification: This involves using both labeled and unlabeled data to
classify a target variable.
Example: Image classification with a small labeled dataset and a large unlabeled dataset.

b. Semi-supervised regression: This involves using both labeled and unlabeled data to
predict a continuous target variable.
Example: Predicting house prices based on a small labeled dataset and a large dataset of
neighborhood features.

c. Self-training: This involves using a small labeled dataset to train a model and then using
the model's predictions on the unlabeled data to generate pseudo-labels, which can then
be used to improve the model.

Example: Sentiment analysis using a small labeled dataset and a large unlabeled dataset
of customer reviews.

d. Co-Training: This involves training two or more models on different views of the same
data and using their predictions to label the unlabeled data and improve the models.
Example: Named entity recognition using two models trained on different views of the
same text data.
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Figure 6: (Semi-Supervised Machine Learning)

E. Transfer Machine Learning

Transfer learning is a machine learning technique where a model trained on one task
is fine-tuned on a different but related task. The idea is to transfer knowledge learned on the
original task to the new task, making it easier and faster to train. This is particularly useful
when the amount of data available for the new task is limited, and the model can leverage the
knowledge learned from the previous task to perform well on the new task.
E.1 Usage of Transfer Machine Learning

Computer Vision: Transfer learning is widely used in computer vision tasks such as object
detection, image classification, and semantic segmentation.

Natural Language Processing: Transfer learning is used in NLP tasks such as sentiment
analysis, text classification, and named entity recognition.

Healthcare: Transfer learning has been applied in the healthcare field to diagnose diseases,
predict patient outcomes, and analyze medical images.

Speech recognition: Transfer learning has been used in speech recognition tasks to improve
the accuracy of speech-to-text models.

Robotics: Transfer learning has been applied in robotics to improve control systems and
perception tasks.
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E.2 Types of Transfer Machine Learning

a. Instance-based transfer learning: Example: Using a pre-trained image classification
model on ImageNet to classify objects in photographs of a specific location, like a zoo.

b. Feature-based transfer learning: Example: Using a pre-trained model's intermediate
layer activations as features for a new classifier trained to solve a related but different
problem, like recognizing a new set of objects.

Transfer Learning

Pretrained Model

Medium Compute Trained neural
Small dataset —» resowrcesand — 4 network on the

less
S custom dataset

Figure 7: (Transfer Machine Learning)
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