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Machine Learning algorithm
• Supervised learning 
• Unsupervised learning 
• Reinforcement learning

J. Peng et al,  2021 [1]



Supervised Learning
Supervised learning algorithm is trained on a labelled dataset
• Labelled data-> Model training-> Prediction ( Classification and 

Regression)
• Classification – prediction of output of discrete values [predicting 

Classes]
• Regression – prediction of output of continuous values  [Predicting 

Values] Supervised Learning 

Classification Regression



Supervised Learning
Classification and Prediction



Supervised Learning
Classification



Supervised Learning
Classification – Binary or Multiclass



Supervised Learning
The training set contains the desired solution.
Spam filter is a good example for supervised classification.
It is trained with many example emails with their classes ( Spam or 
Ham) to learn how to classify new emails.

Is this binary or multiclass ?



Supervised Learning
Example for supervised learning algorithms
• Linear Regression  
• Logistic Regression  
• Support Vector Machine 
• K-Nearest Neighbor  
• Decision Tree 
• Random Forest 
• Naïve Bayes 
• Neural Networks 



Unsupervised Learning
• The purpose is to either transform the data or discover pattern 
without the need of a set of explicit labeled data. 

• The training data is unlabeled

Common Unsupervised Learning algorithm
• Clustering
• Dimensionality Reduction
• Association rule learning



Unsupervised Learning
Clustering  : Group similar instance into clusters. 

• Examples:  K Means, Fuzzy  C Means, DBSCAN, 
MeanShift, Spectral Clustering etc.

• Applications
• Customer segmentation – cluster customers based on the 

activity on the website or their purchases 
• For data analysis – easy to analyse the data in each cluster 

separately



Unsupervised Learning
Dimensionality reduction : Reducing the number of 
dimensions. Reduce the number of features/dimensions 
while keeping the essential information.

• Example: Principal Component Analysis (PCA) 



Unsupervised Learning
• Association rule learning : Discover interesting relationship 
variables in a dataset.

 Example : Apriori, Eclat



ML Model - Performance Measures
Confusion Matrix
A confusion matrix is a table used to evaluate the performance 
of a classification model. It shows how well the model’s 
predicted labels match the actual (true) labels.
A binary classification problem [ YES/NO]
 Is this transaction Fraudulent ? 
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ML Model - Performance Measures

Confusion Matrix

Case 1 [True Positive]: A transaction was fraud,  and the classifier correctly labelled it as 
fraud. 
Case 2 [False Positive]: A transaction was not fraud and the classifier incorrectly labelled 
it as fraud. [Type I Error]
Case 3 [False Negative]: A transaction was  fraud,  and the classifier incorrectly labelled it 
as not fraud.  [Type II Error]
Case 4 [True Negative]: A transaction was not fraud and the classifier correctly labelled it 
as not fraud. 
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ML Model - Performance Measures

Precision

Precision – What proportion of the positive identification was actually correct ?
Precision  = 𝑻𝑻𝑻𝑻

𝑻𝑻𝑻𝑻+𝑭𝑭𝑭𝑭
  

Example, Precision  = 𝟐𝟐
𝟐𝟐+𝟖𝟖

 = 𝟐𝟐
𝟏𝟏𝟏𝟏

= 0.2   
       What percentage of the time an instance labelled as positive (predicted as positive) was 
actually positive ?
FP should be low for a high Precision. 
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ML Model - Performance Measures

Recall 

Recall – what proportion of the actual positives were identified correctly ?
Recall  = 𝑻𝑻𝑻𝑻

𝑻𝑻𝑻𝑻+𝑭𝑭𝑭𝑭
  

Example, Recall  = 𝟐𝟐
𝟐𝟐+𝟒𝟒

 = 𝟐𝟐
𝟔𝟔

= 0.3   
       How sensitive the classifier is the indicators of possible fraud?
FN should be low for a High Recall. 
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ML Model - Performance Measures

F1 Score – the harmonic mean of Precision and Recall

F1 Score  = 𝟐𝟐∗𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷 ∗𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹
𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷+𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹

  

High Recall (Catch Most Fraud)
Low Precision (Many False Positive) 

Low Recall (Miss Some Fraud)
High Precision (Few False Positive) 

Aggressive
Flag more transaction 

Conservative 
Flag fewer transaction 



ML Model - Performance Measures 

Accuracy –  it is the ratio of the correct predictions made by a 
classification model out of the total predictions. It provide an overall 
idea of how often the model is correct.
The correct prediction is sum of TP and TN.

Accuracy =  𝑻𝑻𝑻𝑻+𝑻𝑻𝑻𝑻
𝑻𝑻𝑻𝑻+𝑭𝑭𝑭𝑭+𝑻𝑻𝑻𝑻+𝑭𝑭𝑭𝑭

   = 2+86
2+8+86+4

=.88  (88%)



ML Model - Performance Measures 

Activity 
1. "Imagine you're developing a test to detect a rare but dangerous 

disease. Would it be more important for this test to have high 
precision or high recall? Why?"

2. For an email spam filter, would you prefer high precision or high 
recall, and why?"

3. "Imagine you are developing an automated hiring system that 
shortlists candidates. Would it be more beneficial to prioritize high 
precision or high recall?“

4. "For a credit card fraud detection system, would high recall or high 
precision be more important, and why?"



Supervised Learning
Linear Regression 
Mainly used for regression.
 A linear model makes a prediction by computing the 
weighted sum of the input features plus a constant term, bias or 
intercept term.
Regression – relationship between variables (Dependent 
variable and independent variables)
Dependent variable – The dependent features / Output



Supervised Learning
Linear Regression 
Example: Salary of an employee; Price of a house
Independent variable – Independent features 
/Input/regressors/Predictors 

Example : For the dependent variable : the salary of an 
employee is dependent on many features such as qualification, 
experience, role, city etc,
For the dependent variable: The  price of a house is dependent 
on many features such as price on area, number of bedrooms, 
property location, etc…



Supervised Learning
Linear Regression 

Linear regression model prediction
𝑦𝑦 = 𝜃𝜃0 + 𝜃𝜃1 𝑥𝑥1+ 𝜃𝜃2 𝑥𝑥2+ 𝜃𝜃3 𝑥𝑥3+…+ 𝜃𝜃𝑛𝑛 𝑥𝑥𝑛𝑛  (Multiple linear regression)
 𝑦𝑦 = 𝜃𝜃0 + 𝜃𝜃1 𝑥𝑥1 (simple linear regression or single variate linear)

Where Y is the predicted value
       𝑛𝑛 is the number of features
 𝑥𝑥𝑖𝑖  𝑖𝑖𝑖𝑖 𝑡𝑡𝑡𝑡𝑡 𝑖𝑖𝑡𝑡𝑡 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣
  𝜃𝜃𝑗𝑗 is the 𝑗𝑗𝑡𝑡𝑡 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
  𝜃𝜃0 𝑖𝑖𝑖𝑖 𝑡𝑡𝑡𝑡𝑡 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 



Supervised Learning
Linear Regression 

Regression – to determine to what extent, a particular independent 
variable impact the dependent variable.
Example:
To what extend , the qualification of an employee impact the salary.
To forecast a car’s fuel efficiency 



Supervised Learning
Linear Regression 
• Start with a given set of inputs (x, y)
• Here, the green circles points are (5,5); (15,20); (25, 

12);(35,32); (45;22);(55;38)
• The estimated black line is represented by the equation ,
• 𝑓𝑓(𝑥𝑥) = 𝜃𝜃0 + 𝜃𝜃1 𝑥𝑥1



Supervised Learning
Linear Regression 
• The linear regression calculates – the estimates of the regression 

coefficient or the predicted weights, 𝛽𝛽0,𝛽𝛽1,𝛽𝛽2, 𝛽𝛽3 ,…., 𝛽𝛽𝑛𝑛 .
• These predictors define the estimated regression function,
         𝑦𝑦 = 𝛽𝛽0 + 𝛽𝛽1 𝑥𝑥1+ 𝛽𝛽2 𝑥𝑥2+ 𝛽𝛽3 𝑥𝑥3+…+ 𝛽𝛽𝑛𝑛 𝑥𝑥𝑛𝑛.
The estimated or predicted response, 𝑓𝑓(𝐱𝐱ᵢ), for each observation 
𝑖𝑖 = 1, …, 𝑛𝑛, should be as close as possible to the corresponding 
actual response yᵢ.
The differences yᵢ - 𝑓𝑓(𝐱𝐱ᵢ) for all observations 𝑖𝑖 = 1, …, 𝑛𝑛, are 
called the residuals.



Supervised Learning
Linear Regression 
• Regression is about determining the best predicted weights—

that is, the weights corresponding to the smallest residuals.
   SSR ( sum of the squared residual)

𝑆𝑆𝑆𝑆𝑆𝑆 =  �(𝑦𝑦ᵢ − 𝑓𝑓(𝐱𝐱ᵢ))2



Supervised Learning
Linear Regression 
Regression performance

• The coefficient of determination, 𝑅𝑅² explains which amount of 
variation in Y can be explained by the dependence on x.

• For example, 
• 𝑅𝑅² of 0.92 of a house prices prediction model indicates that the 92% 

variance in the house prices is determined by the independent 
variables such as number of bedroom, size of the house.   



Supervised Learning
Linear Regression 
Python Packages for Linear regression

• Numpy
• Scikit-learn

Basic five steps to implement Linear Regression
• Import the packages and classes that you need.
• Provide data to work with, and eventually do appropriate 

transformations.
• Create a regression model and fit it with existing data.
• Check the results of model fitting to know whether the model is 

satisfactory.
• Apply the model for predictions.



Supervised Learning
Logistic Regression  or Logit Regression
Mainly for classification – Specially Binary classification.
It is commonly used to estimate the probability that an instance 
belongs to a particular class.
Example: What is the probability that this email is sparm ?
If the estimated probability >= 50% then in (Positive class)
Else in  (Negative Class)



Supervised Learning
Logistic Regression  or Logit Regression
The math behind Logistic Regression

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝜃𝜃 =
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑜𝑜𝑜𝑜 𝑎𝑎𝑎𝑎 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑜𝑜𝑜𝑜 𝑎𝑎𝑎𝑎 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑛𝑛𝑛𝑛𝑛𝑛 ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎

=
𝑃𝑃

1 − 𝑃𝑃

The value of Probability ranges from 0 to 1 and the Value of  
Odds ranges from 0 to ∞.



Supervised Learning
Logistic Regression  or Logit Regression
The linear regression model is used as the starting point.
𝑦𝑦 = 𝛽𝛽0 + 𝛽𝛽𝑥𝑥1+ 𝛽𝛽2 𝑥𝑥2+ 𝛽𝛽3 𝑥𝑥3+…+ 𝛽𝛽𝑛𝑛𝑥𝑥𝑛𝑛

The Goal of logistic regression is to calculate the probability, not 
the value of the variable. So the equation needs to be 
transformed,



Supervised Learning
Logistic Regression  or Logit Regression
The logistic regression model maps the continuous value output 
(- ∞ to + ∞)  to categorical value output using a sigmoid 
function.

Sigmoid function 𝜎𝜎 𝑧𝑧 = 1
1+𝑒𝑒(−𝑧𝑧)  where 𝑧𝑧 = 𝛽𝛽.X + e

Notice that σ(z) < 0.5 when z < 0, and σ(z) ≥ 0.5 when z ≥ 0.



Supervised Learning
Logistic Regression  or Logit Regression

The probability that for given values of the independent variable the 
dichotomous dependent variable y is 0 or 1 is given by:

𝑃𝑃 𝑦𝑦 = 1|𝑥𝑥1,, … 𝑥𝑥𝑛𝑛 =
1

1 + 𝑒𝑒−(𝛽𝛽1,𝑥𝑥1,+⋯+𝛽𝛽𝑛𝑛𝑥𝑥𝑛𝑛+𝑒𝑒)

𝑃𝑃 𝑦𝑦 = 0|𝑥𝑥1,, … 𝑥𝑥𝑛𝑛 = 1 −
1

1 + 𝑒𝑒−(𝛽𝛽1,𝑥𝑥1,+⋯+𝛽𝛽𝑛𝑛𝑥𝑥𝑛𝑛+𝑒𝑒)

To calculate the probability of a person being sick or not the model 
parameters such as 𝛽𝛽1, 𝛽𝛽2, 𝑎𝑎𝑎𝑎𝑎𝑎 𝛽𝛽3, must be determined.
Example :

𝑃𝑃 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =
1

1 + 𝑒𝑒−(𝛽𝛽1,𝐴𝐴𝐴𝐴𝐴𝐴,+𝛽𝛽2𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺+𝛽𝛽3𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠+𝑒𝑒)



Hands-on Project 
Python Demo
Python code snippet



Hands-on Project 
Python Demo



Hands-on Project 
Python Demo



Hands-on Project 
Python Demo



Hands-on Project 
Python Demo



Hands-on Project 
Python Demo



Hands-on Project 
Python Demo



Hands-on Project 
Python Demo
Model Building



Hands-on Project 
Python Demo



Hands-on Project 
Python Demo



Hands-on Project 
Python Demo



Hands-on Project 
Python Demo



Hands-on Project 
Python Demo



Hands-on Project 
Python Demo



Hands-on Project 
Python Demo



Hands-on Project 
Python Demo



Extra reading
 Embracing the AI Universe: Insights and Innovation - Lucid Analytics

Logistic Regression in Machine Learning Explained
Logistic Regression in Machine Learning – GeeksforGeeks

https://www.lucid-analytics.ai/2024/lucid-life/%F0%9F%8C%85-embracing-the-ai-universe-insights-and-innovation/
https://www.lucid-analytics.ai/2024/lucid-life/%F0%9F%8C%85-embracing-the-ai-universe-insights-and-innovation/
https://www.lucid-analytics.ai/2024/lucid-life/%F0%9F%8C%85-embracing-the-ai-universe-insights-and-innovation/
https://www.lucid-analytics.ai/2024/lucid-life/%F0%9F%8C%85-embracing-the-ai-universe-insights-and-innovation/
https://www.simplilearn.com/tutorials/machine-learning-tutorial/logistic-regression-in-python
https://www.simplilearn.com/tutorials/machine-learning-tutorial/logistic-regression-in-python
https://www.geeksforgeeks.org/understanding-logistic-regression/
https://www.geeksforgeeks.org/understanding-logistic-regression/
https://www.geeksforgeeks.org/understanding-logistic-regression/
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