UNIT=-3 (8 Marks and 16 Marks)

1. Explain the types of learning in machine learning.

Types of Machine Learning

Machine learning is a subset of Al, which enables the machine to automatically learn from data,
improve performance from past experiences, and make predictions. Machine learning contains a set
of algorithms that work on a huge amount of data. Data is fed to these algorithms to train them, and
on the basis of training, they build the model & perform a specific task.

These ML algorithms help to solve different business problems like Regression, Classification, Forecasting,
Clustering, and Associations, etc.
Based on the methods and way of learning, machine learning is divided into mainly four types, which
are:
1. Supervised Machine Learning
2. Unsupervised Machine Learning
3. Semi-Supervised Machine Learning
4. Reinforcement Learning
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Supervised Machine Learning

Supervised machine learning is based on supervision. It means in the supervised learning
technique, we train the machines using the "labelled" dataset, and based on the training, the machine
predicts the output. Here, the labelled data specifies that some of the inputs are already mapped to the
output. More preciously, we can say; first, we train the machine with the input and corresponding
output, and then we ask the machine to predict the output using the test dataset.



Example: Suppose we have an input dataset of cats and dog images. So, first, we will provide
the training to the machine to understand the images, such as the shape & size of the tail of cat and
dog,Shape of eyes,colour,height (dogs are taller,cats are smaller), etc. After completion of training,
we input the picture of a cat and ask the machine to identify the object and predict the output. Now,
the machine is well trained, so it will check all the features of the object, such as height, shape, color,
eyes, ears, tail, etc., and find that it's a cat. So, it will put it in the Cat category. This is the process of
how the machine identifies the objects in Supervised Learning.

The main goal of the supervised learning technique is to map the input variable(x) with the output
variable(y).Some real-world applications of supervised learning are Risk Assessment, Fraud
Detection, Spam filtering, etc.

Supervised machine learning can be classified into two types of problems, which are given
below:

o Classification
o Regression

a) Classification

Classification algorithms are used to solve the classification problems in which the output variable is
categorical, such as "Yes" or No, Male or Female, Red or Blue, etc. The classification algorithms
predict the categories present in the dataset. Some real-world examples of classification algorithms
are Spam Detection, Email filtering, etc.

Some popular classification algorithms are given below:

Random Forest Algorithm
Decision Tree Algorithm

Logistic Regression Algorithm
Support Vector Machine Algorithm
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b) Regression

Regression algorithms are used to solve regression problems in which there is a linear relationship
between input and output variables. These are used to predict continuous output variables, such as
market trends, weather prediction, etc.

Some popular Regression algorithms are given below:
o Simple Linear Regression Algorithm

Multivariate Regression Algorithm

Decision Tree Algorithm

Lasso Regression
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Advantages:
o Since supervised learning work with the labelled dataset so we can have an exact idea about

the classes of objects.
o These algorithms are helpful in predicting the output on the basis of prior experience.


https://www.javatpoint.com/supervised-machine-learning

Disadvantages:
o These algorithms are not able to solve complex tasks.
o It may predict the wrong output if the test data is different from the training data.
o It requires lots of computational time to train the algorithm.

Applications of Supervised Learning
Some common applications of Supervised Learning are given below:
0 Image Segmentation
0 Medical Diagnosis
o Fraud Detection
o) Spam detection Speech Recognition

2.Unsupervised Machine Learning

Unsupervised learning is different from the Supervised learning technique; as its name
suggests, there is no need for supervision. It means, in unsupervised machine learning, the machine is
trained using the unlabeled dataset, and the machine predicts the output without any supervision. In
unsupervised learning, the models are trained with the data that is neither classified nor labelled, and
the model acts on that data without any supervision.

Unsupervised Learning can be further classified into two types, which are given below:
o Clustering
o Association

Advantages:
o These algorithms can be used for complicated tasks compared to the supervised ones because

these algorithms work on the unlabeled dataset.

o Unsupervised algorithms are preferable for various tasks as getting the unlabeled dataset is
easier as compared to the labelled dataset.

Disadvantages:

o The output of an unsupervised algorithm can be less accurate as the dataset is not labelled,
and algorithms are not trained with the exact output in prior.

o Working with Unsupervised learning is more difficult as it works with the unlabelled dataset
that does not map with the output.

Applications of Unsupervised Learning
Network Analysis
Recommendation Systems

. Explain in detail about regression models-linear regression
models?



Linear Regression in Machine Learning

» Linear regression is one of the easiest and most popular Machine Learning algorithms. It is a
statistical method that is used for predictive analysis. Linear regression makes predictions for
continuous/real or numeric variables such as sales, salary, age, product price, etc.

« Linear regression algorithm shows a linear relationship between a dependent (y) and one or
more independent (y) variables, hence called as linear regression. Since linear regression
shows the linear relationship, which means it finds how the value of the dependent variable is
changing according to the value of the independent variable.

e The linear regression model provides a sloped straight line representing the relationship
between the variables. Consider the below image:
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Here,

Y= Dependent Variable (Target Variable)

X=Independent Variable (predict or Variable)

ao=intercept of the line (Gives an additional degree of freedom)
ai=Linear regression coefficient (scale factor to each input value).
€ = random error

The values for x and y variables are training datasets for Linear Regression model representation.

Types of Linear Reqression

Linear regression can be further divided into two types of the algorithm:



o Simple Linear Regression:
If a single independent variable is used to predict the value of a numerical dependent variable,
then such a Linear Regression algorithm is called Simple Linear Regression.

o Multiple Linear regression:
If more than one independent variable is used to predict the value of a numerical dependent
variable, then such a Linear Regression algorithm is called Multiple Linear Regression.

Linear Regression Line

A linear line showing the relationship between the dependent and independent variables is called a
regression line. A regression line can show two types of relationship:

o Positive Linear Relationship:
If the dependent variable increases on the Y-axis and independent variable increases on X-
axis, then such a relationship is termed as a Positive linear relationship.

o Negative Linear Relationship:
If the dependent variable decreases on the Y-axis and independent variable increases on the X-
axis, then such a relationship is called a negative linear relationship.

Finding the best fit line:

When working with linear regression, our main goal is to find the best fit line that means the error
between predicted values and actual values should be minimized. The best fit line will have the least
error. The different values for weights or the coefficient of lines (ao, a1) gives a different line of
regression, so we need to calculate the best values for apand aito find the best fit line, so to calculate
this we use cost function.

Cost function-

o The different values for weights or coefficient of lines (ao, ai) gives the different line of
regression, and the cost function is used to estimate the values of the coefficient for the best fit
line.

o Cost function optimizes the regression coefficients or weights. It measures how a linear
regression model is performing.

o We can use the cost function to find the accuracy of the mapping function, which maps the
input variable to the output variable. This mapping function is also known as Hypothesis
function.

For Linear Regression, we use the Mean Squared Error (MSE) cost function, which is the average
of squared error occurred between the predicted values and actual values. It can be written as:



For the above linear equation, MSE can be calculated as:

MSE= 153, (i — (a5%; + o))

Where,

N=Total number of observation
Yi = Actual value
(arxi+ao)=Predicted value.

Residuals: The distance between the actual value and predicted values is called residual. If the
observed points are far from the regression line, then the residual will be high, and so cost function
will high. If the scatter points are close to the regression line, then the residual will be small and
hence the cost function.

Gradient Descent:
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Gradient descent is used to minimize the MSE by calculating the gradient of the cost function.
A regression model uses gradient descent to update the coefficients of the line by reducing the
cost function.

It is done by a random selection of values of coefficient and then iteratively update the values
to reach the minimum cost function.

Model Performance:

The Goodness of fit determines how the line of regression fits the set of observations. The process of
finding the best model out of various models is called optimization.

. Explain in details about regression models-linear classification
models.

Logistic Regression in Machine Learning

o

Logistic regression is one of the most popular Machine Learning algorithms, which comes
under the Supervised Learning technique. It is used for predicting the categorical dependent
variable using a given set of independent variables.

Logistic regression predicts the output of a categorical dependent variable. Therefore the
outcome must be a categorical or discrete value. It can be either Yes or No, 0 or 1, true or
False, etc. but instead of giving the exact wvalue as 0 and 1,
itgivestheprobabilisticvalueswhichliebetweenOand1.

Logistic Regression is much similar to the Linear Regression except that how they are used.
Linear Regression is used for solving Regression problems, whereas Logistic regression is
used for solving the classification problems.

In Logistic regression, instead of fitting a regression line, we fit an "S" shaped logistic
function, which predicts two maximum values (0 or 1).



o The curve from the logistic function indicates the likelihood of something such as whether the
cells are cancerous or not, a mouse is obese or not based on its weight, etc.

o Logistic Regression is a significant machine learning algorithm because it has the ability to
provide probabilities and classify new data using continuous and discrete datasets.

o Logistic Regression can be used to classify the observations using different types of data and
can easily determine the most effective variables used for the classification. The below image
is showing the logistic function:

Logistic Function (Sigmoid Function):

o The sigmoid function is a mathematical function used to map the predicted values to
probabilities.

o It maps any real value into another value within a range of 0 and 1.

o The value of the logistic regression must be between 0 and 1, which cannot go beyond this
limit, so it forms a curve like the "S" form. The S-form curve is called the Sigmoid function or
the logistic function.

o In logistic regression, we use the concept of the threshold value, which defines the probability
of either 0 or 1. Such as values above the threshold value tends to 1, and a value below the
threshold values tends to 0.

Assumptions for Logistic Regression:

o The dependent variable must be categorical in nature.
o The independent variable should not have multi-colinearity.

Logistic Regression Equation:

The Logistic regression equation can be obtained from the Linear Regression equation. The mathematical steps
to get Logistic Regression equations are given below:

o We know the equation of the straight line can be written as:

y=bg + byx; + baxy + byxg + -+ byx,

o In Logistic Regression y can be between 0 and 1 only, so for this let's divide the above
equation by (1-y):

IL ; 0 for y= 0, and infinity for y=1
=



o But we need range between-[infinity] to + [infinity], then take logarithm of the equation it
will become:

log %] =by + byxy + byxy + byx; + -+ byx,

The above equation is the final equation for Logistic Regression.

Type of Logistic Regression:

Logistic Regression can be classified into three types:

o Binomial: In binomial Logistic regression, there can be only two possible types of the
dependent variables, such as 0 or 1, Pass or Fail, etc.

o Multinomial: In multinomial Logistic regression, there can be 3 or more possible unordered
types of the dependent variable, such as "cat", "dogs", or "sheep™

o Ordinal: In ordinal Logistic regression, there can be 3 or more possible ordered types of
dependent variables, such as "low", "Medium", or "High".

4. Explain in detail about support vector machine?

Support Vector Machine Algorithm

» Support Vector Machine or SVM is one of the most popular Supervised Learning algorithms,
which is used for Classification as well as Regression problems. However, primarily, it is used
for Classification problems in Machine Learning.

« The goal of the SVM algorithm is to create the best line or decision boundary that can
segregate n-dimensional space into classes so that we can easily put the new data point in the
correct category in the future. This best decision boundary is called a hyperplane.

« SVM chooses the extreme points/vectors that help in creating the hyperplane. These extreme
cases are called as support vectors, and hence algorithm is termed as Support Vector Machine.
Consider the below diagram in which there are two different categories that are classified using a
decision boundary or hyperplane:
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Example: SVM can be understood with the example that we have used in the KNN classifier.
Suppose we see a strange cat that also has some features of dogs, so if we want a model that can
accurately identify whether it is a cat or dog, so such a model can be created by using the SVM
algorithm.We will first train our model with lots of images of cats and dogs so that it can learn about
different features of cats and dogs, and then we test it with this strange creature. So as support vector

creates a decision boundary between these two data (cat and dog) and choose extreme cases (support
vectors), it will see the extreme case of cat and dog.

SVM algorithm can be used for Face detection, image classification, text categorization, etc.

Types of SVM

SVM can be of two types:

o Linear SVM: Linear SVM is used for linearly separable data, which means if a dataset can be
classified into two classes by using a single straight line, then such data is termed as linearly
separable data, and classifier is used called as Linear SVM classifier.

o Non-linear SVM: Non-Linear SVM is used for non-linearly separated data, which means if a
dataset cannot be classified by using a straight line, then such data is termed as non-linear data
and classifier used is called as Non-linear SVM classifier.

Hyperplane and Support Vectors in the SVM algorithm:

Hyperplane:



» There can be multiple lines/decision boundaries to segregate the classes in n-dimensional
space, but we need to find out the best decision boundary that helps to classify the data points.
This best boundary is known as the hyperplane of SVM.

» The dimensions of the hyperplane depend on the features present in the dataset, which means
if there are 2 features (as shown in image), then hyperplane will be a straight line. And if there
are 3 features, then hyperplane will be a 2-dimension plane.

Support Vectors:

The data points or vectors that are the closest to the hyperplane and which affect the position of the
hyperplane are termed as Support Vector. Since these vectors support the hyperplane, hence called a
Support vector.

How does SVM works?

Linear SVM:

The working of the SVM algorithm can be understood by using
an example. Suppose we have a dataset that has two tags (green and
blue), and the dataset has two features x1 and x2. We want a
classifier that can classify the pair (x1, x2) of coordinates in either
green or blue. Consider the below image:

Hence, the SVM algorithm helps to find the best line or decision boundary; this best boundary
or region is called as a hyperplane. SVM algorithm finds the closest point of the lines from both the
classes. These points are called support vectors. The distance between the vectors and the hyperplane
is called as margin. And the goal of SVM is to maximize this margin. The hyperplane with
maximum margin is called the optimal hyperplane.
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Non-Linear SVM:
If data is linearly arranged, then we can separate it by using a straight line, but for non-linear data, we
cannot draw a single straight line. Consider the below image:
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So to separate these data points, we need to add one more dimension. For linear data, we have used

two dimensions x and y, so for non-linear data, we will add a third dimension z. It can be calculated
as:

7=x2 +y2
By adding the third dimension, the sample space will become as below image:

So now, SVM will divide the datasets into classes in the following way.
Since we are in 3-d Space, hence it is looking like a plane parallel to the
x-axis. If we convert it in 2d space with z=1, then it will become as:
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5. Explain in detail about decision tree and random forest?

Decision Tree Classification Algorithm

o Decision Tree is a Supervised learning technique that can be used for both classification and
Regression problems, but mostly it is preferred for solving Classification problems. It is a tree-
structured classifier, where internal nodes represent the features of a dataset, branches represent the
decision rules and each leaf node represents the outcome.

o Ina Decision tree, there are two nodes, which are

Decision Node and Leaf Node

o Decision nodes are used to make any decision and have multiple branches, whereas Leaf nodes are
the output of those decisions and do not contain any further branches.

o The decisions or the test are performed on the basis of features of the given dataset. It is a
graphical representation for getting all the possible solutions to a problem/decision based on given
conditions.

o lItis called a decision tree because, similar to a tree, it starts with the root node, which expands on
further branches and constructs a tree-like structure. In order to build a tree, we use the CART
algorithm, which stands for Classification and Regression Tree algorithm.
o Adecision tree simply asks a question, and based on the answer (Yes/No), it further split the tree
into subtrees. Below diagram explains the general structure of a decision tree:
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There are various algorithms in Machine learning, so choosing the best algorithm for the given
dataset and problem is the main point to remember while creating a machine learning model. Below
are the two reasons for using the Decision tree:
o Decision Trees usually mimic human thinking ability while making a decision, so it is easy to
understand.
o The logic behind the decision tree can be easily understood because it shows a tree-like
structure.

Decision Tree Terminologies

> Root Node: Root node is from where the decision tree starts. It represents the entire dataset,
which further gets divided into two or more homogeneous sets.

> Leaf Node: Leaf nodes are the final output node, and the tree cannot be segregated further
after getting a leaf node.

> Splitting: Splitting is the process of dividing the decision node/root node into sub-nodes
according to the given conditions.

> Branch/Sub Tree: A tree formed by splitting the tree.

Pruning: Pruning is the process of removing the unwanted branches from the tree.

> Parent/Child node: The root node of the tree is called the parent node, and other nodes are
called the child nodes.

\

How does the Decision Tree algorithm Work?

In a decision tree, for predicting the class of the given dataset, the algorithm starts from the
root node of the tree. This algorithm compares the values of root attribute with the record (real
dataset) attribute and, based on the comparison, follows the branch and jumps to the next node. For
the next node, the algorithm again compares the attribute value with the other sub-nodes and move
further. It continues the process until it reaches the leaf node of the tree. The complete process can be
better understood using the below algorithm:

Step-1: Begin the tree with the root node, says S, which contains the complete dataset.
Step-2: Find the best attribute in the dataset using Attribute Selection Measure (ASM).




Step-3: Divide the S into subsets that contains possible values for the best attributes.

Step-4: Generate the decision tree node, which contains the best attribute.

Step-5: Recursively make new decision trees using the subsets of the dataset created in step -3.
Continue this process until a stage is reached where you cannot further classify the nodes and
called the final node as a leaf node.

Example: Suppose there is a candidate who has a job offer and wants to decide whether he should
accept the offer or Not. So, to solve this problem, the decision tree starts with the root node (Salary
attribute by ASM). The root node splits further into the next decision node (distance from the office)
and one leaf node based on the corresponding labels. The next decision node further gets split into
one decision node (Cab facility) and one leaf node. Finally, the decision node splits into two leaf
nodes (Accepted offers and Declined offer). Consider the below diagram:

Advantages of the Decision Tree

o Itis simple to understand as it follows the same process which a human follow while making
any decision in real-life.

It can be very useful for solving decision-related problems.
It helps to think about all the possible outcomes for a problem.
There is less requirement of data cleaning compared to other algorithms.

Disadvantages of the Decision Tree
o The decision tree contains lots of layers, which makes it complex.
o It may have an overfitting issue, which can be resolved using the Random Forest algorithm.
o For more class labels, the computational complexity of the decision tree may increase.
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