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Machine learning

Machine learning is a growing technology which enables computers to learn
automatically from past data. Machine learning uses various algorithms for building
mathematical models and making predictions using historical data or information.
Currently, it is being used for various tasks such as image recognition, speech
recognition, email filtering, Facebook auto-tagging, recommender system, and many
more.
Features of Machine Learning:

● Machine learning uses data to detect various patterns in a given dataset.
● It can learn from past data and improve automatically.
● It is a data-driven technology.
● Machine learning is much similar to data mining as it also deals with the huge

amount of the data.
Importance of Machine Learning
Machine Learning is one of the most popular sub-fields of Artificial Intelligence.
Machine learning concepts are used almost everywhere, such as Healthcare,
Finance, Infrastructure, Marketing, Self-driving cars, recommendation systems,
chatbots, social sites, gaming, cyber security, and many more.
Why is machine learning important:-
Machine learning is important because it gives enterprises a view of trends in
customer behavior and business operational patterns, as well as supports the
development of new products. Many of today's leading companies, such as
Facebook, Google and Uber, make machine learning a central part of their
operations. Machine learning has become a significant competitive differentiator for
many companies.
What are the different types of machine learning?
There are four basic approaches:supervised learning, unsupervised learning,
semi-supervised learning and reinforcement learning.
❖ Supervised learning: In this type of machine learning, data scientists supply

algorithms with labeled training data and define the variables they want the
algorithm to assess for correlations. Both the input and the output of the
algorithm is specified.

Types of supervised Machine learning Algorithms:
1. Regression
Regression algorithms are used if there is a relationship between the input variable
and the output variable. It is used for the prediction of continuous variables, such as
Weather forecasting, Market Trends, etc. Below are some popular Regression
algorithms which come under supervised learning:
Linear Regression,Regression Trees,Non-Linear Regression,Bayesian Linear
Regression,Polynomial Regression.
2. Classification
Classification algorithms are used when the output variable is categorical, which
means there are two classes such as Yes-No, Male-Female, True-false, etc.
Spam Filtering,

https://www.techtarget.com/searchenterpriseai/definition/supervised-learning
https://www.techtarget.com/whatis/definition/unsupervised-learning
https://www.techtarget.com/searchenterpriseai/definition/data-scientist
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Random Forest,Decision Trees,Logistic Regression,Support vector Machines
How does supervised machine learning work?
Supervised machine learning requires the data scientist to train the algorithm with
both labeled inputs and desired outputs. Supervised learning algorithms are good for
the following tasks:

● Binary classification: Dividing data into two categories.
● Multi-class classification: Choosing between more than two types of

answers.
● Regression modeling: Predicting continuous values.
● Ensembling: Combining the predictions of multiple machine learning models

to produce an accurate prediction.
Advantages of Supervised learning:

● With the help of supervised learning, the model can predict the output on the
basis of prior experiences.

● In supervised learning, we can have an exact idea about the classes of
objects.

● Supervised learning model helps us to solve various real-world problems such
as fraud detection, spam filtering, etc.
Disadvantages of supervised learning:

● Supervised learning models are not suitable for handling the complex tasks.
● Supervised learning cannot predict the correct output if the test data is

different from the training dataset.
● Training required lots of computation times.
● In supervised learning, we need enough knowledge about the classes of

object.
❖ Unsupervised learning: This type of machine learning involves algorithms

that train on unlabeled data. The algorithm scans through data sets looking for
any meaningful connection. The data that algorithms train on as well as the
predictions or recommendations they output are predetermined.
Types of Unsupervised Learning Algorithm:

The unsupervised learning algorithm can be further categorized into two types of
problems:

1. Clustering: Clustering is a method of grouping the objects into clusters
such that objects with most similarities remains into a group and has
less or no similarities with the objects of another group. Cluster
analysis finds the commonalities between the data objects and
categorizes them as per the presence and absence of those
commonalities.

2. Association: An association rule is an unsupervised learning method
which is used for finding the relationships between variables in the
large database. It determines the set of items that occurs together in
the dataset. Association rule makes marketing strategy more effective.
Such as people who buy X item (suppose a bread) are also tend to
purchase Y (Butter/Jam) item. A typical example of Association rule is
Market Basket Analysis.

https://www.techtarget.com/searchbusinessanalytics/feature/Key-differences-of-a-data-scientist-vs-data-engineer
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Advantages of Unsupervised Learning
● Unsupervised learning is used for more complex tasks as compared to

supervised learning because, in unsupervised learning, we don't have labeled
input data.

● Unsupervised learning is preferable as it is easy to get unlabeled data in
comparison to labeled data.

Disadvantages of Unsupervised Learning
● Unsupervised learning is intrinsically more difficult than supervised learning

as it does not have corresponding output.
● The result of the unsupervised learning algorithm might be less accurate as

input data is not labeled, and algorithms do not know the exact output in
advance.

How does unsupervised machine learning work?
Unsupervised machine learning algorithms do not require data to be labeled. They
sift through unlabeled data to look for patterns that can be used to group data points
into subsets. Most types of deep learning, including neural networks, are
unsupervised algorithms. Unsupervised learning algorithms are good for the
following tasks:

● Clustering: Splitting the dataset into groups based on similarity.
● Anomaly detection: Identifying unusual data points in a data set.
● Association mining: Identifying sets of items in a data set that frequently

occur together.
● Dimensionality reduction: Reducing the number of variables in a data

set.

❖ Semi-supervised learning: This approach to machine learning involves a
mix of the two preceding types. Data scientists may feed an algorithm mostly
labeled training data, but the model is free to explore the data on its own and
develop its own understanding of the data set.

How does semi-supervised learning work?
Semi-supervised learning works by data scientists feeding a small amount of labeled
training data to an algorithm. From this, the algorithm learns the dimensions of the
data set, which it can then apply to new, unlabeled data. The performance of
algorithms typically improves when they train on labeled data sets. But labeling data
can be time consuming and expensive. Semi-supervised learning strikes a middle
ground between the performance of supervised learning and the efficiency of
unsupervised learning. Some areas where semi-supervised learning is used include:
❖ Machine translation: Teaching algorithms to translate language based on

less than a full dictionary of words.
❖ Fraud detection: Identifying cases of fraud when you only have a few

positive examples.
❖ Labelling data: Algorithms trained on small data sets can learn to apply data

labels to larger sets automatically.
Reinforcement learning: Data scientists typically use reinforcement learning to
teach a machine to complete a multi-step process for which there are clearly defined
rules. Data scientists program an algorithm to complete a task and give it positive or
negative cues as it works out how to complete a task. But for the most part, the
algorithm decides on its own what steps to take along the way.

https://www.techtarget.com/searchenterpriseai/definition/neural-network
https://www.techtarget.com/searchenterpriseai/feature/Using-small-data-sets-for-machine-learning-models-sees-growth
https://www.techtarget.com/searchenterpriseai/feature/Labeled-data-brings-machine-learning-applications-to-life
https://www.techtarget.com/searchenterpriseai/feature/Labeled-data-brings-machine-learning-applications-to-life
https://www.techtarget.com/whatis/definition/data-labeling
https://www.techtarget.com/whatis/definition/data-labeling
https://www.techtarget.com/searchenterpriseai/definition/reinforcement-learning
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How does reinforcement learning work?
Reinforcement learning works by programming an algorithm with a distinct goal and
a prescribed set of rules for accomplishing that goal. Data scientists also program
the algorithm to seek positive rewards -- which it receives when it performs an action
that is beneficial toward the ultimate goal -- and avoid punishments -- which it
receives when it performs an action that gets it farther away from its ultimate goal.
Reinforcement learning is often used in areas such as:

● Robotics: Robots can learn to perform tasks the physical world using this
technique.

● Video gameplay: Reinforcement learning has been used to teach bots to
play a number of video games.

● Resource management: Given finite resources and a defined goal,
reinforcement learning can help enterprises plan out how to allocate
resources.

7 Major Challenges Faced By Machine Learning Professionals
● Poor Quality of Data. ...
● Underfitting of Training Data. ...
● Overfitting of Training Data. ...
● Machine Learning is a Complex Process. ...
● Lack of Training Data. ...
● Slow Implementation. ...
● Imperfections in the Algorithm When Data Grows.

The main differences between Supervised and Unsupervised learning are given
below:

Supervised Learning Unsupervised Learning

Supervised learning algorithms are

trained using labeled data.

Unsupervised learning algorithms are

trained using unlabeled data.

Supervised learning model takes direct

feedback to check if it is predicting

correct output or not.

Unsupervised learning model does not

take any feedback.

Supervised learning model predicts the

output.

Unsupervised learning model finds the

hidden patterns in data.

https://www.techtarget.com/searchenterpriseai/feature/5-types-of-machine-learning-algorithms-you-should-know
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In supervised learning, input data is

provided to the model along with the

output.

In unsupervised learning, only input

data is provided to the model.

The goal of supervised learning is to

train the model so that it can predict the

output when it is given new data.

The goal of unsupervised learning is to

find the hidden patterns and useful

insights from the unknown dataset.

Supervised learning needs supervision

to train the model.

Unsupervised learning does not need

any supervision to train the model.

Supervised learning can be categorized

in Classification and Regression

problems.

Unsupervised Learning can be

classified in Clustering and

Associations problems.

Linear Regression:

● Linear regression is a statistical regression method which is used for

predictive analysis.

● It is one of the very simple and easy algorithms which works on regression

and shows the relationship between the continuous variables.

● It is used for solving the regression problem in machine learning.

● Linear regression shows the linear relationship between the independent

variable (X-axis) and the dependent variable (Y-axis), hence called linear

regression.

● If there is only one input variable (x), then such linear regression is called

simple linear regression. And if there is more than one input variable, then

such linear regression is called multiple linear regression.
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● The relationship between variables in the linear regression model can be

explained using the below image. Here we are predicting the salary of an

employee on the basis of the year of experience.

● Y= aX+b

Here, Y = dependent variables (target variables),

X= Independent variables (predictor variables),

a and b are the linear coefficients

Multiple Linear Regression

Multiple Linear Regression is one of the important regression algorithms which
models the linear relationship between a single dependent continuous variable and
more than one independent variable.
Example:
Prediction of CO2 emission based on engine size and number of cylinders in a car.

MLR equation:
In Multiple Linear Regression, the target variable(Y) is a linear combination of
multiple predictor variables x1, x2, x3, ...,xn. Since it is an enhancement of Simple
Linear Regression, so the same is applied for the multiple linear regression equation,
the equation becomes:

1. Y= b<sub>0</sub>+b<sub>1</sub>x<sub>1</sub>+
b<sub>2</sub>x<sub>2</sub>+ b<sub>3</sub>x<sub>3</sub>+...... bnxn
............... (a)

Where,
Y= Output/Response variable
b0, b1, b2, b3 , bn....= Coefficients of the model.
x1, x2, x3, x4,...= Various Independent/feature variable

Logistic Regression:

● Logistic regression is another supervised learning algorithm which is used to

solve the classification problems. In classification problems, we have

dependent variables in a binary or discrete format such as 0 or 1.

● Logistic regression algorithm works with the categorical variable such as 0 or

1, Yes or No, True or False, Spam or not spam, etc.
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● It is a predictive analysis algorithm which works on the concept of probability.

● Logistic regression is a type of regression, but it is different from the linear

regression algorithm in the term how they are used.

● Logistic regression uses sigmoid function or logistic function which is a

complex cost function. This sigmoid function is used to model the data in

logistic regression. The function can be represented as:

● f(x)= Output between the 0 and 1 value.

● x= input to the function

● e= base of natural logarithm.

●

Overfitting

Overfitting occurs when our machine learning model tries to cover all the data points
or more than the required data points present in the given dataset. Because of this,
the model starts caching noise and inaccurate values present in the dataset, and all
these factors reduce the efficiency and accuracy of the model. The overfitted model
has low bias and high variance.
The chances of occurrence of overfitting increase as much we provide training to our
model. It means the more we train our model, the more chances of occurring the
overfitted model.
Overfitting is the main problem that occurs in supervised learning.
Example: The concept of the overfitting can be understood by the below graph of the
linear regression output:

https://www.javatpoint.com/machine-learning
https://www.javatpoint.com/supervised-machine-learning
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What is Regularization?

Regularization is one of the most important concepts of machine learning. It is a
technique to prevent the model from overfitting by adding extra information to it.
Sometimes the machine learning model performs well with the training data but does
not perform well with the test data. It means the model is not able to predict the
output when deals with unseen data by introducing noise in the output, and hence
the model is called overfitted. This problem can be deal with the help of a
regularization technique.
This technique can be used in such a way that it will allow to maintain all variables or
features in the model by reducing the magnitude of the variables. Hence, it maintains
accuracy as well as a generalization of the model.

How does Regularization Work?

Regularization works by adding a penalty or complexity term to the complex model.
Let's consider the simple linear regression equation:

y= β0+β1x1+β2x2+β3x3+⋯+βnxn +b

In the above equation, Y represents the value to be predicted

X1, X2, …Xn are the features for Y. β0,β1,…..βn are the weights or magnitude
attached to the features, respectively. Here represents the bias of the model, and b
represents the intercept.

Linear regression models try to optimize the β0 and b to minimize the cost function.
The equation for the cost function for the linear model is given below:

Key Difference between Ridge Regression and Lasso Regression

https://www.javatpoint.com/machine-learning
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● Ridge regression is mostly used to reduce the overfitting in the model, and it

includes all the features present in the model. It reduces the complexity of the

model by shrinking the coefficients.

● Lasso regression helps to reduce the overfitting in the model as well as

feature selection.

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.

Consider the below diagram in which there are two different categories that are

classified using a decision boundary or hyperplane:

SVM algorithm can be used for Face detection, image classification, text
categorization, etc.
Types of SVM
SVM can be of two types:

● 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.

● 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
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such data is termed as non-linear data and classifier used is called as
Non-linear SVM classifier.

Decision Tree Classification Algorithm

● 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.

● In a Decision tree, there are two nodes, which are the Decision Node and
Leaf Node. 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.

● 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.

● It is 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.

● A decision 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:

●

●

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.
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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.

Issue in Desicion Tree

● 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.

Advantages of the Decision Tree
● It is 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
● The decision tree contains lots of layers, which makes it complex.
● It may have an overfitting issue, which can be resolved using the Random

Forest algorithm.
● For more class labels, the computational complexity of the decision tree may

increase.

Naïve Bayes Classifier Algorithm

● Naïve Bayes algorithm is a supervised learning algorithm, which is based on
Bayes theorem and used for solving classification problems.

● It is mainly used in text classification that includes a high-dimensional training
dataset.

● Naïve Bayes Classifier is one of the simple and most effective Classification
algorithms which helps in building the fast machine learning models that can
make quick predictions.

● It is a probabilistic classifier, which means it predicts on the basis of the
probability of an object.
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● Some popular examples of Naïve Bayes Algorithm are spam filtration,
Sentimental analysis, and classifying articles.

Bayes' Theorem:
● Bayes' theorem is also known as Bayes' Rule or Bayes' law, which is used to

determine the probability of a hypothesis with prior knowledge. It depends on
the conditional probability.

● The formula for Bayes' theorem is given as:

Where,
P(A|B) is Posterior probability: Probability of hypothesis A on the observed event B.
P(B|A) is Likelihood probability: Probability of the evidence given that the probability
of a hypothesis is true.
P(A) is Prior Probability: Probability of hypothesis before observing the evidence.
P(B) is Marginal Probability: Probability of Evidence.

Working of Naïve Bayes' Classifier:

Working of Naïve Bayes' Classifier can be understood with the help of the below
example:
Suppose we have a dataset of weather conditions and corresponding target variable
"Play". So using this dataset we need to decide that whether we should play or not
on a particular day according to the weather conditions. So to solve this problem, we
need to follow the below steps:

1. Convert the given dataset into frequency tables.
2. Generate Likelihood table by finding the probabilities of given features.
3. Now, use Bayes theorem to calculate the posterior probability.

Advantages of Naïve Bayes Classifier:

● Naïve Bayes is one of the fast and easy ML algorithms to predict a class of
datasets.

● It can be used for Binary as well as Multi-class Classifications.
● It performs well in Multi-class predictions as compared to the other

Algorithms.
● It is the most popular choice for text classification problems.
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Disadvantages of Naïve Bayes Classifier:

● Naive Bayes assumes that all features are independent or unrelated, so it
cannot learn the relationship between features.

Bayesian Belief Network in artificial intelligence

Bayesian belief network is key computer technology for dealing with probabilistic
events and to solve a problem which has uncertainty. We can define a Bayesian
network as:

"A Bayesian network is a probabilistic graphical model which represents a set of
variables and their conditional dependencies using a directed acyclic graph."

It is also called a Bayes network, belief network, decision network, or Bayesian
model.

Bayesian networks are probabilistic, because these networks are built from a
probability distribution, and also use probability theory for prediction and anomaly
detection.

EM Algorithm

The EM algorithm is the combination of various unsupervised ML algorithms, such
as the k-means clustering algorithm. Being an iterative approach, it consists of two
modes. In the first mode, we estimate the missing or latent variables. Hence it is
referred to as the Expectation/estimation step (E-step). Further, the other mode is
used to optimize the parameters of the models so that it can explain the data more
clearly. The second mode is known as the maximization-step or M-step.



14

● Expectation step (E - step): It involves the estimation (guess) of all missing
values in the dataset so that after completing this step, there should not be
any missing value.

● Maximization step (M - step): This step involves the use of estimated data in
the E-step and updating the parameters.

● Repeat E-step and M-step until the convergence of the values occurs.
The primary goal of the EM algorithm is to use the available observed data of the
dataset to estimate the missing data of the latent variables and then use that data to
update the values of the parameters in the M-step.

Clustering in Machine Learning

Clustering or cluster analysis is a machine learning technique, which groups the
unlabelled dataset. It can be defined as "A way of grouping the data points into
different clusters, consisting of similar data points. The objects with the possible
similarities remain in a group that has less or no similarities with another group."
It does it by finding some similar patterns in the unlabelled dataset such as shape,
size, color, behavior, etc., and divides them as per the presence and absence of
those similar patterns.
It is an unsupervised learning
method, hence no supervision is provided to the algorithm, and it deals with the
unlabeled dataset.
After applying this clustering technique, each cluster or group is provided with a
cluster-ID. ML system can use this id to simplify the processing of large and complex
datasets.
The clustering technique is commonly used for statistical data analysis.
The clustering technique can be widely used in various tasks. Some most common
uses of this technique are:

● Market Segmentation
● Statistical data analysis
● Social network analysis
● Image segmentation
● Anomaly detection, etc.

What is K-Means Algorithm?

K-Means Clustering is an Unsupervised Learning algorithm, which groups the
unlabeled dataset into different clusters. Here K defines the number of pre-defined
clusters that need to be created in the process, as if K=2, there will be two clusters,
and for K=3, there will be three clusters, and so on.
It allows us to cluster the data into different groups and a convenient way to discover
the categories of groups in the unlabeled dataset on its own without the need for any
training.

https://www.javatpoint.com/unsupervised-machine-learning
https://www.javatpoint.com/unsupervised-machine-learning
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It is a centroid-based algorithm, where each cluster is associated with a centroid.
The main aim of this algorithm is to minimize the sum of distances between the data
point and their corresponding clusters.
The algorithm takes the unlabeled dataset as input, divides the dataset into
k-number of clusters, and repeats the process until it does not find the best clusters.
The value of k should be predetermined in this algorithm.
The k-means clustering algorithm mainly performs two tasks:

● Determines the best value for K center points or centroids by an iterative
process.

● Assigns each data point to its closest k-center. Those data points which are
near to the particular k-center, create a cluster.

The below diagram explains the working of the K-means Clustering Algorithm:

Hierarchical Clustering in Machine Learning

Hierarchical clustering is another unsupervised machine learning algorithm, which is
used to group the unlabeled datasets into a cluster and also known as hierarchical
cluster analysis or HCA.
In this algorithm, we develop the hierarchy of clusters in the form of a tree, and this
tree-shaped structure is known as the dendrogram.
Sometimes the results of K-means clustering and hierarchical clustering may look
similar, but they both differ depending on how they work. As there is no requirement
to predetermine the number of clusters as we did in the K-Means algorithm.
The hierarchical clustering technique has two approaches:

1. Agglomerative: Agglomerative is a bottom-up approach, in which the
algorithm starts with taking all data points as single clusters and merging them
until one cluster is left.

2. Divisive: Divisive algorithm is the reverse of the agglomerative algorithm as it
is a top-down approach.

https://www.javatpoint.com/clustering-in-machine-learning
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K-Nearest Neighbor(KNN) Algorithm for Machine Learning

● K-Nearest Neighbour is one of the simplest Machine Learning algorithms
based on Supervised Learning technique.

● K-NN algorithm assumes the similarity between the new case/data and
available cases and put the new case into the category that is most similar to
the available categories.

● K-NN algorithm stores all the available data and classifies a new data point
based on the similarity. This means when new data appears then it can be
easily classified into a well suite category by using K- NN algorithm.

● K-NN algorithm can be used for Regression as well as for Classification but
mostly it is used for the Classification problems.

● K-NN is a non-parametric algorithm, which means it does not make any
assumption on underlying data.

● It is also called a lazy learner algorithm because it does not learn from the
training set immediately instead it stores the dataset and at the time of
classification, it performs an action on the dataset.

● KNN algorithm at the training phase just stores the dataset and when it gets
new data, then it classifies that data into a category that is much similar to the
new data.

● Example: Suppose, we have an image of a creature that looks similar to cat
and dog, but we want to know either it is a cat or dog. So for this identification,
we can use the KNN algorithm, as it works on a similarity measure. Our KNN
model will find the similar features of the new data set to the cats and dogs
images and based on the most similar features it will put it in either cat or dog
category.

How does K-NN work?

The K-NN working can be explained on the basis of the below algorithm:
● Step-1: Select the number K of the neighbors
● Step-2: Calculate the Euclidean distance of K number of neighbors
● Step-3: Take the K nearest neighbors as per the calculated Euclidean

distance.
● Step-4: Among these k neighbors, count the number of the data points in

each category.
● Step-5: Assign the new data points to that category for which the number of

the neighbor is maximum.
● Step-6: Our model is ready.

Advantages of KNN Algorithm:
● It is simple to implement.
● It is robust to the noisy training data
● It can be more effective if the training data is large.

Disadvantages of KNN Algorithm:
● Always needs to determine the value of K which may be complex some time.



17

● The computation cost is high because of calculating the distance between the
data points for all the training samples.

Dimensionality Reduction

Dimensionality reduction technique can be defined as, "It is a way of converting the
higher dimensions dataset into lesser dimensions dataset ensuring that it provides
similar information." These techniques are widely used in machine learning for
obtaining a better fit predictive model while solving the classification and regression
problems.
It is commonly used in the fields that deal with high-dimensional data, such as
speech recognition, signal processing, bioinformatics, etc. It can also be used for
data visualization, noise reduction, cluster analysis, etc.
Advantages

● By reducing the dimensions of the features, the space required to store the
dataset also gets reduced.

● Less Computation training time is required for reduced dimensions of
features.

● Reduced dimensions of features of the dataset help in visualizing the data
quickly.

● It removes the redundant features (if present) by taking care of
multicollinearity.

Disadvantages of dimensionality Reduction
● Some data may be lost due to dimensionality reduction.
● In the PCA dimensionality reduction technique, sometimes the principal

components required to consider are unknown.

Principal Component Analysis

Principal Component Analysis (PCA) is a statistical procedure that uses an
orthogonal transformation that converts a set of correlated variables to a set of
uncorrelated variables. PCA is the most widely used tool in exploratory data analysis
and in machine learning for predictive models. Moreover, PCA is an unsupervised
statistical technique used to examine the interrelations among a set of variables. It is
also known as a general factor analysis where regression determines a line of best
fit.

Anomaly detection
Anomaly detection is identifying data points in data that don’t fit the normal patterns.
It can be useful to solve many problems including fraud detection, medical diagnosis,
etc. Machine learning methods allow to automate anomaly detection and make it
more effective, especially when large datasets are involved. Some of the common

https://www.javatpoint.com/machine-learning
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ML methods used in anomaly detection include LOF, autoencoders, and Bayesian
networks.’

Feasibility of Learning

The main goal of Machine Learning (ML) feasibility studies is to assess whether it is
feasible to solve the problem satisfactorily using ML with the available data. We want
to avoid investing too much in the solution before we have:

● Sufficient evidence that an ML solution would be the best technical solution
given the business case

● Sufficient evidence that an ML solution is possible
● Some vetted direction on what an ML solution should look like

This effort ensures quality solutions backed by the appropriate, thorough amount of
consideration and evidence.

Reinforcement Learning

● Reinforcement Learning is a feedback-based Machine learning technique in
which an agent learns to behave in an environment by performing the actions
and seeing the results of actions. For each good action, the agent gets
positive feedback, and for each bad action, the agent gets negative feedback
or penalty.

● In Reinforcement Learning, the agent learns automatically using feedbacks
without any labeled data, unlike supervised learning.

● Since there is no labeled data, so the agent is bound to learn by its
experience only.

● RL solves a specific type of problem where decision making is sequential, and
the goal is long-term, such as game-playing, robotics, etc.

● The agent interacts with the environment and explores it by itself. The primary
goal of an agent in reinforcement learning is to improve the performance by
getting the maximum positive rewards.

● The agent learns with the process of hit and trial, and based on the
experience, it learns to perform the task in a better way. Hence, we can say
that "Reinforcement learning is a type of machine learning method where an
intelligent agent (computer program) interacts with the environment and
learns to act within that." How a Robotic dog learns the movement of his arms
is an example of Reinforcement learning.

● It is a core part of Artificial intelligence, and all AI agent works on the concept
of reinforcement learning. Here we do not need to pre-program the agent, as
it learns from its own experience without any human intervention.

● Example: Suppose there is an AI agent present within a maze environment,
and his goal is to find the diamond. The agent interacts with the environment
by performing some actions, and based on those actions, the state of the
agent gets changed, and it also receives a reward or penalty as feedback.

https://www.javatpoint.com/supervised-machine-learning
https://www.javatpoint.com/artificial-intelligence-tutorial
https://www.javatpoint.com/agents-in-ai
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Types of Reinforcement learning

There are mainly two types of reinforcement learning, which are:
● Positive Reinforcement
● Negative Reinforcement

Positive Reinforcement:
The positive reinforcement learning means adding something to increase the
tendency that expected behavior would occur again. It impacts positively on the
behavior of the agent and increases the strength of the behavior.
This type of reinforcement can sustain the changes for a long time, but too much
positive reinforcement may lead to an overload of states that can reduce the
consequences.
Negative Reinforcement:
The negative reinforcement learning is opposite to the positive reinforcement as it
increases the tendency that the specific behavior will occur again by avoiding the
negative condition.
It can be more effective than the positive reinforcement depending on situation and
behavior, but it provides reinforcement only to meet minimum behavior.

What is Artificial Neural Network

The term "Artificial Neural Network" is derived from Biological neural networks that
develop the structure of a human brain. Similar to the human brain that has neurons
interconnected to one another, artificial neural networks also have neurons that are
interconnected to one another in various layers of the networks. These neurons are
known as nodes.

Advantages of Artificial Neural Network (ANN)

Parallel processing capability:
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Artificial neural networks have a numerical value that can perform more than one
task simultaneously.
Storing data on the entire network:
Data that is used in traditional programming is stored on the whole network, not on a
database. The disappearance of a couple of pieces of data in one place doesn't
prevent the network from working.
Capability to work with incomplete knowledge:
After ANN training, the information may produce output even with inadequate data.
The loss of performance here relies upon the significance of missing data.

Disadvantages of Artificial Neural Network:

Assurance of proper network structure:
There is no particular guideline for determining the structure of artificial neural
networks. The appropriate network structure is accomplished through experience,
trial, and error.
Unrecognized behavior of the network:
It is the most significant issue of ANN. When ANN produces a testing solution, it
does not provide insight concerning why and how. It decreases trust in the network.
Hardware dependence:
Artificial neural networks need processors with parallel processing power, as per
their structure. Therefore, the realization of the equipment is dependent.
Difficulty of showing the issue to the network:
ANNs can work with numerical data. Problems must be converted into numerical
values before being introduced to ANN. The presentation mechanism to be resolved
here will directly impact the performance of the network. It relies on the user's
abilities.

Artificial Perceptron

Perceptron is Machine Learning algorithm for supervised learning of various binary
classification tasks. Further, Perceptron is also understood as an Artificial Neuron or
neural network unit that helps to detect certain input data computations in business
intelligence.
Perceptron model is also treated as one of the best and simplest types of Artificial
Neural networks. However, it is a supervised learning algorithm of binary classifiers.
Hence, we can consider it as a single-layer neural network with four main
parameters, i.e., input values, weights and Bias, net sum, and an activation function.
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● Input Nodes or Input Layer:
This is the primary component of Perceptron which accepts the initial data into the
system for further processing. Each input node contains a real numerical value.

● Wight and Bias:
Weight parameter represents the strength of the connection between units. This is
another most important parameter of Perceptron components. Weight is directly
proportional to the strength of the associated input neuron in deciding the output.
Further, Bias can be considered as the line of intercept in a linear equation.

● Activation Function:
These are the final and important components that help to determine whether the
neuron will fire or not. Activation Function can be considered primarily as a step
function.
Types of Activation functions:

● Sign function
● Step function, and
● Sigmoid function

Gradient Descent

Gradient Descent is defined as one of the most commonly used iterative optimization
algorithms of machine learning to train the machine learning and deep learning
models. It helps in finding the local minimum of a function.
The best way to define the local minimum or local maximum of a function using
gradient descent is as follows:

● If we move towards a negative gradient or away from the gradient of the
function at the current point, it will give the local minimum of that function.

● Whenever we move towards a positive gradient or towards the gradient of the
function at the current point, we will get the local maximum of that function.
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This entire procedure is known as Gradient Ascent, which is also known as steepest
descent. The main objective of using a gradient descent algorithm is to minimize the
cost function using iteration. To achieve this goal, it performs two steps iteratively:

● Calculates the first-order derivative of the function to compute the gradient or
slope of that function.

● Move away from the direction of the gradient, which means slope increased
from the current point by alpha times, where Alpha is defined as Learning
Rate. It is a tuning parameter in the optimization process which helps to
decide the length of the steps.

Delta Rule

The Delta Rule uses the difference between target activation (i.e., target output
values) and obtained activation to drive learning. For reasons discussed below, the
use of a threshold activation function (as used in both the McCulloch-Pitts network
and the perceptron) is dropped & instead a linear sum of products is used to
calculate the activation of the output neuron (alternative activation functions can also
be applied). Thus, the activation function is called a Linear Activation function, in
which the output node’s activation is simply equal to the sum of the network’s
respective input/weight products. The strength of network connections (i.e., the
values of the weights) are adjusted to reduce the difference between target and
actual output activation (i.e., error). A graphical depiction of a simple two-layer
network capable of deploying the Delta Rule is given in the figure below (Such a
network is not limited to having only one output node)

Adaptive Linear Neuron (Adaline)

Adaline which stands for Adaptive Linear Neuron, is a network having a single linear
unit. It was developed by Widrow and Hoff in 1960. Some important points about
Adaline are as follows −

● It uses bipolar activation function.
● It uses delta rule for training to minimize the Mean-Squared Error (MSE)

between the actual output and the desired/target output.



23

● The weights and the bias are adjustable.
Multi-layer Perceptron in TensorFlow

A multi-layer neural network contains more than one layer of artificial neurons or
nodes. They differ widely in design. It is important to note that while single-layer
neural networks were useful early in the evolution of AI, the vast majority of networks
used today have multi-layer model.

MLP networks are used for supervised learning format. A typical learning algorithm
for MLP networks is also called back propagation's algorithm.
A multilayer perceptron (MLP) is a feed forward artificial neural network that
generates a set of outputs from a set of inputs. An MLP is characterized by several
layers of input nodes connected as a directed graph between the input nodes
connected as a directed graph between the input and output layers. MLP uses
backpropagation for training the network. MLP is a deep learning method.

Backpropagation

Backpropagation is one of the important concepts of a neural network. Our task is to
classify our data best. For this, we have to update the weights of parameter and
bias, but how can we do that in a deep neural network? In the linear regression
model, we use gradient descent to optimize the parameter. Similarly here we also
use gradient descent algorithm using Backpropagation.
For a single training example, Backpropagation algorithm calculates the gradient of
the error function. Backpropagation can be written as a function of the neural
network. Backpropagation algorithms are a set of methods used to efficiently train
artificial neural networks following a gradient descent approach which exploits the
chain rule.
The main features of Backpropagation are the iterative, recursive and efficient
method through which it calculates the updated weight to improve the network until it
is not able to perform the task for which it is being trained. Derivatives of the
activation function to be known at network design time is required to
Backpropagation.
Now, how error function is used in Backpropagation and how Backpropagation
works? Let start with an example and do it mathematically to understand how exactly
updates the weight using Backpropagation.
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Evolutionary algorithm

An evolutionary algorithm (EA) is an algorithm that uses mechanisms inspired by
nature and solves problems through processes that emulate the behaviors of living
organisms. EA is a component of both evolutionary computing and bio-inspired
computing. EAs are inspired by the concepts in Darwinian Evolution.

Genetic Algorithm (GA)

Genetic Algorithm (GA) is a search-based optimization technique based on the
principles of Genetics and Natural Selection. It is frequently used to find optimal or
near-optimal solutions to difficult problems which otherwise would take a lifetime to
solve. It is frequently used to solve optimization problems, in research, and in
machine learning.
Nature has always been a great source of inspiration to all mankind. Genetic
Algorithms (GAs) are search based algorithms based on the concepts of natural
selection and genetics. GAs are a subset of a much larger branch of computation
known as Evolutionary Computation.

Advantages of GAs

GAs have various advantages which have made them immensely popular. These
include −

● Does not require any derivative information (which may not be available for
many real-world problems).

● Is faster and more efficient as compared to the traditional methods.
● Has very good parallel capabilities.
● Optimizes both continuous and discrete functions and also multi-objective

problems.
● Provides a list of “good” solutions and not just a single solution.
● Always gets an answer to the problem, which gets better over the time.
● Useful when the search space is very large and there are a large number of

parameters involved.

Basic Terminology

Before beginning a discussion on Genetic Algorithms, it is essential to be familiar
with some basic terminology which will be used throughout this tutorial.

● Population − It is a subset of all the possible (encoded) solutions to the given
problem. The population for a GA is analogous to the population for human
beings except that instead of human beings, we have Candidate Solutions
representing human beings.

● Chromosomes − A chromosome is one such solution to the given problem.
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● Gene − A gene is one element position of a chromosome.
● Allele − It is the value a gene takes for a particular chromosome.

● Genotype − Genotype is the population in the computation space. In the
computation space, the solutions are represented in a way which can be
easily understood and manipulated using a computing system.

● Phenotype − Phenotype is the population in the actual real world solution
space in which solutions are represented in a way they are represented in real
world situations.

● Decoding and Encoding − For simple problems, the phenotype and genotype
spaces are the same. However, in most of the cases, the phenotype and
genotype spaces are different. Decoding is a process of transforming a
solution from the genotype to the phenotype space, while encoding is a
process of transforming from the phenotype to genotype space. Decoding
should be fast as it is carried out repeatedly in a GA during the fitness value
calculation.
For example, consider the 0/1 Knapsack Problem. The Phenotype space
consists of solutions which just contain the item numbers of the items to be
picked.
However, in the genotype space it can be represented as a binary string of
length n (where n is the number of items). A 0 at position x represents that xth
item is picked while a 1 represents the reverse. This is a case where
genotype and phenotype spaces are different.

● Fitness Function − A fitness function simply defined is a function which takes
the solution as input and produces the suitability of the solution as the output.
In some cases, the fitness function and the objective function may be the
same, while in others it might be different based on the problem.
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● Genetic Operators − These alter the genetic composition of the offspring.
These include crossover, mutation, selection, etc.

Each of the following steps are covered as a separate chapter later in this tutorial.

Initial Population
The process begins with a set of individuals which is called a Population. Each
individual is a solution to the problem you want to solve.
An individual is characterized by a set of parameters (variables) known as Genes.
Genes are joined into a string to form a Chromosome (solution).
In a genetic algorithm, the set of genes of an individual is represented using a string,
in terms of an alphabet. Usually, binary values are used (string of 1s and 0s). We say
that we encode the genes in a chromosome

In a genetic algorithm, the set of genes of an individual is represented using a string,
in terms of an alphabet. Usually, binary values are used (string of 1s and 0s). We say
that we encode the genes in a chromosome.

Population, Chromosomes and Genes
Fitness Function
The fitness function determines how fit an individual is (the ability of an individual to
compete with other individuals). It gives a fitness score to each individual. The
probability that an individual will be selected for reproduction is based on its fitness
score.
Selection
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The idea of selection phase is to select the fittest individuals and let them pass their
genes to the next generation.
Two pairs of individuals (parents) are selected based on their fitness scores.
Individuals with high fitness have more chance to be selected for reproduction.
Crossover
Crossover is the most significant phase in a genetic algorithm. For each pair of
parents to be mated, a crossover point is chosen at random from within the genes.
For example, consider the crossover point to be 3 as shown below.

Crossover point
Offspring are created by exchanging the genes of parents among themselves until
the crossover point is reached.

Exchanging genes among parents
The new offspring are added to the population
Mutation
In certain new offspring formed, some of their genes can be subjected to a mutation
with a low random probability. This implies that some of the bits in the bit string can
be flipped.

Mutation: Before and After
Mutation occurs to maintain diversity within the population and prevent premature
convergence.
Termination
The algorithm terminates if the population has converged (does not produce
offspring which are significantly different from the previous generation). Then it is
said that the genetic algorithm has provided a set of solutions to our problem.
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Hypothesis space

Hypothesis space is the set of all the possible legal hypothesis. This is the set from
which the machine learning algorithm would determine the best possible (only one)
which would best describe the target function or the outputs. A hypothesis is a
function that best describes the target in supervised machine learning
Genetic Algorithm in Machine Learning

A genetic algorithm is an adaptive heuristic search algorithm inspired by "Darwin's
theory of evolution in Nature." It is used to solve optimization problems in machine
learning. It is one of the important algorithms as it helps solve complex problems that
would take a long time to solve.
Genetic Algorithms are being widely used in different real-world applications, for
example, Designing electronic circuits, code-breaking, image processing, and
artificial creativity.
In this topic, we will explain Genetic algorithm in detail, including basic terminologies
used in Genetic algorithm, how it works, advantages and limitations of genetic
algorithm, etc.

● Population: Population is the subset of all possible or probable solutions,
which can solve the given problem.

● Chromosomes: A chromosome is one of the solutions in the population for the
given problem, and the collection of gene generate a chromosome.

● Gene: A chromosome is divided into a different gene, or it is an element of the
chromosome.

● Allele: Allele is the value provided to the gene within a particular chromosome.
● Fitness Function: The fitness function is used to determine the individual's

fitness level in the population. It means the ability of an individual to compete
with other individuals. In every iteration, individuals are evaluated based on
their fitness function.

● Genetic Operators: In a genetic algorithm, the best individual mate to
regenerate offspring better than parents. Here genetic operators play a role in
changing the genetic composition of the next generation.

● Selection

How Genetic Algorithm Work

The genetic algorithm works on the evolutionary generational cycle to generate
high-quality solutions. These algorithms use different operations that either enhance
or replace the population to give an improved fit solution.
It basically involves five phases to solve the complex optimization problems, which
are given as below:

● Initialization
● Fitness Assignment
● Selection
● Reproduction
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● Termination
Advantages of Genetic Algorithm

● The parallel capabilities of genetic algorithms are best.
● It helps in optimizing various problems such as discrete functions,

multi-objective problems, and continuous functions.
● It provides a solution for a problem that improves over time.
● A genetic algorithm does not need derivative information.

Swarm Intelligence (S.I.)

Swarm Intelligence (S.I.) was introduced by Gerardo Beni and Jing Wang in the year
1989. S.I. simply means using the knowledge of collective objects (people, insects,
etc.) together and then reaching the optimized solution for a given problem. “Swarm”
means a group of objects (people, insects, etc.). In other words, let’s say we give a
problem statement to a single person and tell him or her to go through this problem
and then give the solution, then this means that we will consider the solution of that
particular person only, but the problem is that the solution given by that person may
not be the best solution or maybe, that solution is not good for others. So to avoid
that, what we do is we give that problem to a certain amount of people together
(swarm) and ask them to reach the best solution possible for that problem, and then
computing all the responses together to reach the best solution possible, so here we
are using the knowledge of the group as a whole to reach to the best solution or
optimized solution for that problem and that solution will be good for all of them
individually too, so that is the idea behind swarm intelligence.


