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			Preface

			[image: ]

			Artificial Intelligence: The Computational Agents Foundation is a book on the science of artificial intelligence (AI). Artificial intelligence is the study of the design of intelligent computing agents. The structure of this book is a textbook, but it is designed to be read by a wide range of readers.

			We wrote this book because we are excited about the emergence of artificial intelligence as a comprehensive science. Like any developing science, artificial intelligence has a coherent formal theory and a crude experimental department. Here, we balance theory and experiment and show how to connect them closely. We develop artificial intelligence science and its engineering applications. We believe in one sentence: "Nothing is more practical than a good theory." The spirit of our method is reflected in this sentence: "Everything should be as simple as possible, but not simpler." We must build a science on a solid foundation; We introduced the basics, but we only drafted and gave some examples of the complexity required to build useful intelligent systems. Although the resulting system will be complex, the basics and building blocks should be simple.

			This book can be an introductory book on artificial intelligence for advanced undergraduate or graduate students in computer science or related disciplines (such as computer engineering, philosophy, cognitive science, or psychology). It will be more attractive to technically minded people; some are technically challenging and focus on learning by doing: designing, building, and implementing systems. However, any curious science-oriented reader will benefit from studying this book. Previous computer systems experience is desirable, but prior research on the foundations we build (including logic, probability, calculus, and control theory) is unnecessary because we will develop concepts as needed.

			We try to provide a coherent framework to understand artificial intelligence. We choose not to present disconnected topics that don't fit. For example, instead of presenting the intermittent view of AI logic and probability theory, we propose a multi-dimensional design space where students can understand the general situation and how probability and logical reasoning coexist.

			We decided that it would be better to clearly explain the foundation on which more complex technologies can be built rather than presenting them. This means that there may be a greater gap between the content of this book and the frontiers of science. But it also means that students will have a better foundation for understanding current and future research.

			One of the most difficult decisions we made was how to linearize the design space. In this book, we have chosen the latter relationship method. This approach may best reflect the research that has made great progress in inference and learning feature-based representations in recent decades. It also allows students to understand that probabilistic reasoning and logical reasoning are complementary. However, the structure of this book allows teachers to demonstrate these relationships earlier.
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			Introduction of AI
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			Artificial intelligence refers to the simulation of human intelligence in machines programmed to think like humans and imitate or copy their behavior. The term can also be applied to any machine that exhibits characteristics related to human thinking, such as learning and problem-solving. Simply, Artificial Intelligence is the ability of digital computers to perform tasks generally associated with intelligent organisms. In computer science, processing machines seem to have the power of computer intelligence—the ability of machines to replicate the behavior of intelligent humans.

			Example: problem-solving, speech recognition, learning, and planning.

			Types of Artificial Intelligence

			Type-1: Skill-based artificial intelligence

			• Weak AI: 

			Weak AI is an Artificial Intelligence that can intelligently perform specialized tasks. This is the most widely used Artificial Intelligence.

			• General AI: 

			General Artificial Intelligence can perform tasks on its own like humans. Therefore, global researchers are now focusing on developing machines with general Artificial Intelligence.

			• Super AI: 

			Super Artificial Intelligence can perform tasks smarter than humans. This is a hypothetical artificial intelligence concept.

			Type 2: Function-Based Artificial Intelligence

			• Reactive machine: 

			This Artificial Intelligence system does not store past memories or experiences for future actions. They only focus on the current scene.

			

			• Limited memory: 

			You can store past experiences or some data in a short period of time: for example – a self-driving car.

			• Theory of mind: 

			Theory of mind AI must understand emotions, people and be able to interact like humans. Unfortunately, these are not yet developed.

			• Self-awareness: 

			This is the future of Artificial Intelligence. These machines will be super intelligent and self-aware. But, unfortunately, this Artificial Intelligence has yet to be developed.

			Applications:

			• Finance:

			Banks use Artificial Intelligence to organize operations, invest in stocks and manage properties. The robots defeated humans in a simulated financial trading competition.

			• Medicine: 

			The medical clinic can use Artificial Intelligence systems to organize beds, rotate employees, and provide medical information. Artificial Intelligence is also used in fields of cardiology, neurology, embryology, complex visceral surgery.

			• Social networking sites: 

			 Facebook wants to analyze the way people communicate with each other, add new features to their services, and even automatically delete offensive posts that may appear when celebrities such as Angelina Joli post selfies.

			• Robot: 

			Robots are a physical agent that performs tasks by manipulating the physical world. A robot is manufactured as hardware. Artificial Intelligence controls the robot, reads data from sensors, decides what to do next, and then instructs the effector to take action on the physical world.

			• Heavy industry: 

			Huge machines are at risk in terms of manual labor and maintenance. Therefore, the use of automated AI agents in their operations has become a necessary part.

			• Education: 

			

			Artificial Intelligence researchers have created many tools to solve the toughest problems in computing

		

		

		
			Chapter 1. Machine Learning

			1.1 Introduction

			A branch of artificial intelligence that involves the construction and research of systems that can learn from data. In 1959, Arthur Samuel defined machine learning as a “field of research that enables computers to learn without being explicit programming.” Machine learning aims to create computer systems that can adapt to your experience and learn from it.

			1.2 Why Is Machine Learning Important?

			It allows companies to change previously achievable processes only by humans; consider answering customer service calls, keeping accounts, and viewing business resumes every day. Machine learning can also be extended to deal with larger problems and technical issues—consider image detection for self-driving cars, and understand the potential interaction of drugs and medical conditions before clinical trials. This is why machine learning is important.

			1.2.1 What is the data set in machine learning?

			A Data set is a collection of instances that share common attributes. A Machine Learning Model usually contains several different datasets, and each data set will be used to play different roles in the system.

			1.2.2 What kind of data does machine learning need?

			

			Data can take many forms, but machine learning models are based on four main types of data. These include digital data, categorical data, time-series data, and text data.

			1.3 Supervised learning

			Supervised learning is a type of machine learning in which the machine uses well “labeled” training data for training, and the machine predicts results based on this data. Marked data means that some input data has been marked with the correct output.

			In supervised learning, the training data provided to the machines serves as a function for the supervisor to teach the machine to correctly predict the output. Thus, the concept of students learning under the supervision of a teacher also applies.

			Supervised learning is the process of providing correct inputs and outputs for a machine learning model. The goal of a supervised learning algorithm is to find a mapping function to maps the input variable(x) to the output variable(y).

			In the real world, supervised learning can be used for Risk Assessment, Image classification, Fraud Detection, spam filtering, etc.

			1.3.1 How does Supervised Learning Work?

			In supervised learning, the model is trained using labeled data sets, where the model learns each type of data. After the training process is complete, the model will be tested based on test data (a subset of the training set), and then the result will be predicted.

			You can easily understand the work of Supervised learning through the following examples and diagrams:

			 [image: What is Supervised Learning in Machine Learning?]

			Fig 1.1 Flowchart of Supervised Learning

			Suppose we have a data set of different types of shapes, including squares, rectangles, triangles, and Polygons. Now the first step is that we need to train the model for each shape.

			

			�	If the given shape has four sides, and all the sides are equal, it will be marked as a Square.

			�	If the given shape has three sides, then it will be marked as a triangle.

			�	If the given shape has six equal sides, then it will be marked as a hexagon.

			Now, after training, we use the test set to test our model. Again, the task of the model is to recognize the shape.

			The machine has been trained on various shapes, and when it finds a new shape, it will classify the shape based on each edge and predict the result.

			1.3.2 The Steps Involved in Supervised Learning

			�	First, determine the type of training dataset

			�	Collect/Gather the labeled training data.

			�	Split the training dataset into a training dataset, test dataset, and validation dataset.

			�	Determine the input features of the training dataset, which should have enough knowledge so that the model can accurately predict the output.

			�	Determine the suitable algorithm for the model, such as support vector machine, decision tree, etc.

			�	Execute the algorithm on the training dataset. Sometimes we need validation sets as the control parameters, which are the subset of training datasets.

			�	Evaluate the accuracy of the model by providing the test set. If the model predicts the correct output, which means our model is accurate.

			1.3.3 Types of supervised Machine learning Algorithms

			Supervised learning can be divided into two types of problems:

			[image: Machine Learning For Beginners. Machine learning was defined in 90&#39;s by… |  by Divyansh Dwivedi | Towards Data Science]

			Fig 1.2- Types of Supervised Learning

			1.3.3.1 Regression

			

			If there is a relationship between the input and output variables, a regression variable is used. Used for forecasting continuous variables, such as Weather forecasting, Market Trends, etc. Here are some popular Regression algorithms that have undergone supervised learning:

			�	Linear Regression

			�	Regression Trees

			�	Non-Linear Regression

			�	Bayesian Linear Regression

			�	Polynomial Regression

			1. Linear Regression

			Linear regression is a very basic form of machine learning. We train models to predict the behavior of data based on certain variables. In the case of linear regression, as you can see, the name implies linearity, which means that the two variables on the x-axis and y-axis must be linearly related.

			For example- suppose you are running a sales promotion, and you want to increase the number of customers; now what you can do is see the previous promotion and draw on the graph at runtime if it has finished, and then each time you rate the promotion, test to see if the number of customers has increased and with the help of the past historical data, try to find out or try to calculate the number or estimated number. For my current promotional activities, this will give you an idea to better plan, understand how many positions you may need or how many employees you need to add to serve customers. The idea is to estimate the future value based on the historical data by learning the behavior or patterns from the historical data. 

			In some cases, the value will be linearly ascending, which means that every time X increases, Y also increases and vice versa, which means that they are correlated or will have a linear descending relationship. 

			An example could be that the police department is launching a campaign to reduce the number of robberies. As a result, the graph will go linearly downward. 

			Linear regression is used to predict a quantitative response Y from the predictor variable X.

			Mathematically, we can write a linear regression equation as:

			y = a + bx

			Where a and b are given by the formulas: 

			[image: ]

			Here, x and y are two variables on the regression line.

			b = slope of the line.

			

			a = y-intercept of the line.

			x = Independent variable from dataset

			y = Dependent variable from dataset

			[image: Linear Regression in Machine learning - Javatpoint]

			Fig. 1.3 Linear regression graph

			Use Cases of Linear Regression:

				1.	Prediction of trends and Sales targets – To predict how the industry is performing or how many sales targets the industry may achieve in the future. 

				2.	Price Prediction – Using regression to predict the change in the price of stock or product. 

				3.	Risk Management- Using regression to the analysis of Risk Management in the financial and insurance sector.

			 Let›s move to the implementation of the linear regression algorithm in our sample dataset.

			Decision Tree Algorithm

			The Decision Tree algorithm belongs to the family of supervised learning algorithms. Unlike other supervised learning algorithms, the decision tree algorithm can also be used to solve regression and classification problems

			The goal of using a Decision Tree is to create a training model that can predict the category or value of the target variable by learning simple decision rules inferred from previous data (training data).

			In Decision Trees, to predict the class label for a record, we start from the tree’s root. First, we compare the values of the root attribute with the registered attribute. Based on the comparison, we jump to the next node along with the branch corresponding to that value.

			[image: Decision Trees for Machine Learning]

			Fig. 1.4 Decision Tree

			Types of Decision Trees

			Types of decision trees are based on the type of target variable we have. It can be of two types:

			�	Categorical Variable Decision Tree: A decision Tree with categorical target variables is called a Categorical variable decision tree.

			�	Continuous Variable Decision Tree: The decision Tree has a continuous target variable which is why it is called a Continuous Variable Decision Tree.

			Example:  suppose we have a question to predict whether a customer will pay their insurance company the renewal premium (yes/ no). Here we know that the client’s income is an important variable, but the insurance companies do not have detailed information on all client’s income. Now that we know this is an important variable, we can build a decision tree to predict customer revenue based on occupation, product, and various other variables. In this case, we are predicting values for the continuous variables.

			Important Terminology related to Decision Trees

			�	Root Node: represents the entire population or sample and is divided into two or more homogeneous sets.

			�	Partition: is a process of dividing a node into two or more sub-nodes.

			�	Decision Node: When a child node is divided into other child nodes, it is called the decision node.

			�	Leaf / Terminal Node: undivided nodes are called Leaves or Terminal nodes.

			

			�	Pruning: When we remove child nodes from a decision node, this process is called pruning. You can say the opposite process of division.

			�	Branch / Sub-Tree: A sub-part of the entire tree is called a branch or sub-tree.

			�	Parent and Child Node: A node, divided into child nodes, is called a master node of child nodes, and the child node is the child node of a master node.

			Decision trees classify the examples by sorting them down from the root to some leaf/terminal node, with the leaf/terminal node providing the classification of the example.

			Each node in the tree acts as a test case for some attribute, and each edge descending from the node corresponds to the possible answers to the test case. This process is recursive in nature and is repeated for every subtree rooted at the new node.

			[image: Decision Tree in R : Step by Step Guide]

			Fig. 1.5 Example of decision tree

			Assumptions when creating Decision Tree

			Here are some assumptions we made when using the Decision tree:

			�	First, the entire training set is considered as the root.

			�	Feature values are best classified. If the values are continuous, discretize them before building the model.

			�	Records are distributed recursively based on attribute values.

			�	The Order attributes as a root node or internal node of the tree are done using a certain statistical method.

			Decision Trees follows Sum of Product (SOP) representation. The sum of the product (SOP) is also called the Disjunctive Normal Form. For a class, every branch from the root of the tree to a leaf node with the same class is conjunction (product) of values, different branches that end in the class form a disjunction (sum).

			The main challenge in the decision tree implementation is to determine which attributes we should consider as the root node and each level. Handling this is known as the attributes selection. We have different attributes selection measures to identify the attribute that can be considered the root note at each level.

			 How do Decision Trees work?

			The decision to split strategy seriously affects a tree’s accuracy. The decision criteria for different classification trees and regression trees are different.

			Decision trees use a variety of algorithms to decide to split a node into two or more child nodes. The creation of child nodes increases the homogeneity of generated child nodes. In other words, we can say that the purity of the node increases relative to the target variable. The decision tree splits the nodes into all available variables and then selects the split that produces the most homogeneous child nodes.

			The choice of algorithm selection is also based on the type of target variables. Let us look at some algorithms used in Decision Trees:

					ID3 → (extension of D3)

					C4.5 → (successor of ID3)

					CART → (Classification And Regression Tree)

					CHAID → (Chi-square automatic interaction detection Performs multi-level splits when computing classification trees)

					MARS → (multivariate adaptive regression splines)

			Steps in ID3 algorithm:

				1.	Starts with the original set S as the root node.

				2.	In each iteration of the algorithm, it loops through the very unused attribute in the set S and calculates the Entropy(H) and Information gain (IG) of this attribute.

				3.	Next, select the attribute with the lowest Entropy or highest Information gain.

				4.	Then divided by the set S by the selected attribute to generate a subset of the data.

				5.	The algorithm continues to repeat itself on each subset, considering only attributes never been selected before.

			Attribute Selection Measures

			If the dataset consists of N attributes, then deciding which attribute to place at the tree’s root or different levels as internal nodes is a complicated step. The mere choice of any node as the root node at random does not solve the issue. If we follow the random method, it can give us poor results with poor precision.

			To solve this attribute selection problem, researchers worked and designed some solutions. 

			Which is Linear model or tree-based models?

			Well, it depends on the kind of problem you are solving.

			�	If the relationship between dependent & independent variables is well approximated by a linear model, linear regression will outperform the tree-based model.

			�	If there is a high non-linearity & complex relationship between dependent & independent variables, a tree model will outperform a classical regression method.

			�	If you need to build a simple model to explain to people, a decision tree model will always do better than a linear model. Decision tree models are even simpler to interpret than linear regression.

			3. Non-linear Regression 

			In statistics, non-linear regression is a form of regression analysis in which observed data are modeled by a function that is a non-linear combination of the model parameters and depends on one or more independent variables. The data is fitted by successive approximation methods.

			In non-linear regression, a statistical model of the form,

			x ~ f(x, B)

			relates a vector of independent variables, X, and its associated observed dependent variables, Y.

			The function f is non-linear in the components of the vector of parameters B but otherwise arbitrary. For example, the Michaelis–Menten model for enzyme kinetics has two parameters and one independent variable, related by f by: 

			f(x,B)=B1x/B2+x

			This function is non-linear because it cannot be expressed as a linear combination of the two.

			There may be Systematic errors in the independent variables, but its processing is beyond the scope of regression analysis. If the independent variable is not error-free, it is an errors-invariant model outside this range.

			Other examples of non-linear functions include exponential functions, logarithmic functions, trigonometric functions, power functions, Gaussian function, and Lorentz distributions. Some functions, such as the exponential or logarithmic functions, can be converted to linear functions. When converting like this, standard linear regression can be performed but should be applied with caution. 

			[image: Nonlinear regression]

			Fig. 1.6 Non-linear Regression Graph

			Usually, the best-fitting parameters do not have closed-form expressions, such as linear regression. Usually, numerical optimization algorithms are applied to determine the best-fitting parameters. Similarly, contrary to linear regression, the function may have many local minima to be optimized, and even the global minima can produce biased estimates. In practice, estimated values of the parameters are used together with the optimization algorithm to try to find the global minimum of a sum of squares.

			For more information on non-linear data modeling, sees least squares and non-linear least-squares methods.

			4. Bayesian Linear Regression

			The Bayesian and Frequency theory debate is one of those academic debates in which I find observation is more interesting to watch than engage in. Thus, it will be more productive to learn these two statistical reasoning methods and apply them appropriately rather than jumping off the side enthusiastically. Following this line of thinking, I have recently been working on learning and applying Bayesian inference methods to supplement the frequentist statistics covered in my grad classes.

			[image: Bayesian regression with linear basis function models - Martin Krasser&#39;s  Blog]

			[image: Bayesian regression with linear basis function models - Martin Krasser&#39;s  Blog]

			Fig. 1.7 Example of Bayesian Linear Regression

			One of my first areas of focus in applied Bayesian Inference was Bayesian Linear modeling. The most important part of the learning process might just be explaining an idea to others, and this post is my attempt to introduce the concept of Bayesian Linear Regression. We’ll briefly review the frequentist approach to linear regression, introduce the Bayesian interpretation, and look at some results applied to a simple dataset. I kept the code out of this article, but it can be found on GitHub in a Jupyter Notebook.

			Recap of Frequentist Linear Regression

			Linear regression is a simple model that is easy to interpret. It is the intersection term, and other weights show the effect of increasing the predicted variable on the response. For example, time x increases by one unit, the answer will increase by 1.2.

			[image: https://miro.medium.com/max/445/1*UmoUi8s8awQIEoZeuOQ0rQ.png]

			y is the response variable (also called the dependent variable), β’s is the weight (known as the model parameters), x is the value of the predictor variable, and ε is an error term representing random sampling noise or influence included in the model.

			Linear Regression is a simple model which makes it easily interpretable: β_0 is the intercept term, and the other weights, β’s, show the effect on the response of increasing a predictor variable. For example, if β_1 is 1.2, then for every unit increase in x_1, the response will increase by 1.2.

			We can generalize the linear model to any number of predictors using matrix equations. For example, adding a constant term of 1 to the predictor matrix to account for the intercept, we can write the matrix formula as:

			[image: https://miro.medium.com/max/271/1*MKaaqL--30i1a4Y3zFVELw.png]

			The goal of learning a linear model from training data is to find the coefficients, β, that best explain the data. In frequentist linear regression, the best explanation is taken to mean the coefficients, β, that minimize the residual sum of squares (RSS). RSS is the total of the squared differences between the known values (y) and the predicted model outputs (ŷ, pronounced y-hat indicating an estimate). The residual sum of squares is a function of the model parameters:

			[image: https://miro.medium.com/max/700/1*gc1jko6kNBj_R7QSSSn38w.png]

			

			The summation is taken over the N data points in the training set. We won’t go into the details here (check out this reference for the derivation), but this equation has a closed-form solution for the model parameters, β, minimizing the error. This is known as the maximum likelihood estimate of β because it is the most probable value given the inputs, X, and outputs, y. The closed-form solution expressed in matrix form is:

			[image: https://miro.medium.com/max/374/1*vdMGX4TS7Irs4ejDFudqjQ.png]

			(Again, we have to put the ‘hat’ on β because it represents an estimate for the model parameters.) Don’t let the matrix math scare you off! Thanks to libraries like Scikit-learn in Python, we generally don’t have to calculate this by hand (although it is good practice to code a linear regression). This method of fitting the model parameters by minimizing the RSS is called Ordinary Least Squares (OLS).

			What we obtain from frequentist linear regression is a single estimate for the model parameters based only on the training data. Our model is completely informed by the data: in this view, everything that we need to know for our model is encoded in the training data we have available.

			[image: https://miro.medium.com/max/133/1*Oqc4nygnco_8oW-a3X9RlA.png]

			Once we have β-hat, we can estimate the output value of any new data point by applying our model equation:

			As an example of OLS, we can perform a linear regression on real-world data with duration and calories burned for 15000 exercise observations. Below is the data and OLS model obtained by solving the above matrix equation for the model parameters:

			[image: ]

			Fig. 1.8 Linear Regression

			

			With OLS, we get a single estimate of the model parameters, in this case, the intercept and slope of the line.

			In the Bayesian viewpoint, we formulate linear regression using probability distributions rather than point estimates. The response, y, is not estimated as a single value but is assumed to be drawn from a probability distribution. The model for Bayesian Linear Regression with the response sampled from a normal distribution is:

			[image: https://miro.medium.com/max/408/1*JNlUDqc9NWqkT3t9HrGQiw.png]

			The output, y, is generated from a normal (Gaussian) Distribution characterized by a mean and variance. The mean for linear regression is the transpose of the weight matrix multiplied by the predictor matrix. The variance is the square of the standard deviation σ (multiplied by the Identity matrix because this is a multi-dimensional formulation of the model).

			Bayesian Linear Regression aims not to find the single “best” value of the model parameters but rather to determine the posterior distribution for the model parameters. Not only is the response generated from a probability distribution, but the model parameters are assumed to come from distribution as well. The posterior probability of the model parameters is conditional upon the training inputs and outputs:

			[image: https://miro.medium.com/max/377/1*JnXTBQdzzfCaFc1PXVZUQQ.png]

			Here, P(β|y, X) is the posterior probability distribution of the model parameters given the inputs and outputs. This is equal to the likelihood of the data, P(y|β, X), multiplied by the prior probability of the parameters and divided by a normalization constant. This is a simple expression of Bayes Theorem, the fundamental underpinning of Bayesian Inference:

			[image: https://miro.medium.com/max/507/1*Uo2k-_MZASJWF_W0xZuywg.png]

			Let’s stop and think about what this means. Compared to OLS, we have a posterior distribution of the model parameters proportional to the probability of the data multiplied by the prior probability of the parameters. Here we can look at the two main benefits of Bayesian Linear Regression.

			�	Priors: If we have domain knowledge or a guess for what the model parameters should be, we can include them in our model, unlike in the frequency theory method, which assumes that all information about the parameters comes from the data. If we do not estimate in advance, we can use non-informative, a priori for the parameters such as a normal distribution.

			�	Subsequent: The result of performing Bayesian Linear Regression is a distribution of possible parameters of the model based on the data and the previous one. This allows us to quantify our uncertainty about the model: if we have fewer data points, the posterior distribution will be more dispersed.

			

			As the number of data points increases, the possibility will exceed the previous one. In the case of infinite data, the outputs for the parameters converge to the values obtained from OLS.

			The model parameters as distribution formula summarize the Bayesian worldview: we start with an initial estimate, our previous one, and as we collect more evidence, the errors in our model become less and less. Bayesian inference is a natural extension of our intuition. We usually have an initial hypothesis that when we collect data that either supports or disproves our ideas, we will change our model of the world (ideally, this is how we would reason)!

			Implementing Bayesian Linear Regression

			In practice, evaluating the posterior distribution for the model evaluation parameters is difficult for continuous variables, so we use sampling methods to extract samples from the rear to approximate the posterior. Extracting random samples from distribution to approximate the distribution is one application of Monte Carlo methods. There are many algorithms for Monte Carlo sampling, with the most common being Markov Chain Monte Carlo (see this post for an application in Python).

			Bayesian Linear Modelling Application

			The implementation of Bayesian linear regression is as follows. First, specifies the Logise of the Model parameter (this example uses a normal distribution) by assigning the training input to the training output, and the Algorithm of the Monte Carlo Chain (MCMC) of Markov draws the sample. Subsequent distribution of the parameters of the model The final result is a subsequent distribution of the parameters. We can understand what these distributions are tested and what is happening. The first plot indicates the approximation of the distribution after the distribution of the parameters of the model. These are the results of 1000 steps of MCMC. In other words, the algorithm draws 1000 steps from a later distribution.

			5. Polynomial Regression

			This trick-based technology allows the use of linear models, even if the data set is strongly non-linear. This idea is to add additional variables calculated from existing things and use only a combination of polynomials (in this case). In the previous equation, all FPJs (•) are single-function polynomial functions. 

			For example, two variables are used to convert the initial vectors (the dimensions equal to M) to a higher dimension (their K> M dimensions) and may vary from the second evaporation problem: The model remains linear from the outside.

			[image: ]

			Fig. 1.9 Example of Polynomial regression

			The rating algorithm is used when the output variable is classified. This means that there are two classes like Yesno, Malefeal, Truefalse. 

			1.3.4 Advantages of Supervised learning

			�	With the help of supervised learning, the model can predict the outcome based on previous experience. 

			�	In supervised learning, we can accurately understand the category of the object.

			�	Supervised learning models help us solve various real-world problems, such as fraud detection, spam filtering, etc. 

			1.3.5 Disadvantages of supervised learning

			�	Supervised learning models are not adequate to handle complex tasks. 

			�	If the test data is different from the training data set, supervised learning cannot predict the correct output. 

			�	Training requires multiple calculations. 

			�	In supervised learning, we need enough knowledge about object categories.

			1.4 Unsupervised learning

			As the name suggests, unsupervised learning is a machine learning technique in which the model is not monitored by a set of training data. Instead, the model itself will find hidden patterns and insights from the data provided. It can be compared to the learning that occurs in the human brain when learning new things. It can be defined as:

			

			“Unsupervised learning is a type of machine learning in which a set of unlabeled data is used to train a model and allows actions to be taken on the data without any supervision.”

			Unsupervised learning cannot be applied directly to regression or classification problems because, unlike supervised learning, we have input data but no corresponding output data. The goal of unsupervised learning is to find the underlying structure of the data set, group the data based on similarity, and represent the data set in a compressed format. Example: Suppose that an input data set is provided to an unsupervised learning algorithm, which contains images of different types of dogs and cats. The algorithm has never been trained on a given data set, which means that it knows nothing about the characteristics of the data set. The task of unsupervised learning algorithms is to identify the characteristics of the image by themselves. The unsupervised learning algorithm will perform this task by grouping image data sets into groups based on the similarity between the images. 

			[image: Unsupervised learning - Diego Calvo]

			Fig. 1.10 Example of Unsupervised Learning

			1.4.1 Why use unsupervised learning? 

			The following are some of the main reasons why unsupervised learning is important:

			�	Unsupervised learning helps to find useful information from data.

			�	Unsupervised learning is very similar to humans learning to think based on their own experience, which brings it closer to true artificial intelligence.

			�	Unsupervised learning is suitable for unlabeled and unclassified data, which makes unsupervised learning even more important. 

			�	In the real world, we do not always have input data corresponding to the output, so to solve these situations, we need unsupervised learning. 

			

			Unsupervised learning work can be understood by the following figure:

			Here, we have used unlabeled input data, which means it has not been classified and no corresponding output has been given. Now send this raw input data to the machine learning model for training. You will first interpret the raw data to find hidden patterns in the data and then apply appropriate algorithms such as k means clustering, decision trees, etc. 

			Once the appropriate algorithm is applied, the algorithm groups the data objects based on the similarities and differences between the objects.

			1.4.2 Types of Unsupervised Learning Algorithm

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

			[image: Supervised Machine learning]

			Fig 1.11 Types of Unsupervised Learning

			1.4.2.1 Grouping

			Grouping is a method of grouping objects into groups so that objects with the greatest similarity remain in one group, while objects in the other group have the least or no similarity. Cluster analysis finds commonalities between data objects and classifies them according to the existence of these commonalities.

			1.4.2.2 Association

			Association rules are an unsupervised learning method used to find relationships between variables in large databases. Determines the set of items that appear together in the data set. Association rules make marketing strategies more effective. For example, people who buy item X (assuming bread) also tend to buy item Y (butter/jam). A typical example of association rules is shopping cart analysis

			

			1.4.3 Unsupervised learning algorithms

			Here is a list of some popular unsupervised learning algorithms:

			�	K-means clustering

			�	Hierarchal clustering

			�	Principle Component Analysis

			�	Independent Component Analysis

			�	Singular value decomposition

			1.4.3.1 K-Means Clustering Algorithm

			KMeans Clustering is an unsupervised learning algorithm used to solve clustering problems in machine learning or data science. In this topic, we will learn what the K means clustering algorithm is, how the algorithm works, and the Python implementation of k means clustering.

			What is the K Means algorithm?

			K Means Clustering is an unsupervised learning algorithm that groups unlabeled data sets into different clusters. Here K defines the number of predefined clusters to be created in the process. If K = 2, there will be two clusters; if K = 3, there will be three clusters, and so on. 

			It is an iterative algorithm that divides the unlabeled data set into k different groups so that each data set belongs to a single group with similar attributes. 

			It allows us to group data into different groups and is a convenient way to discover group categories in unlabeled data sets without any training. 

			[image: When using the K-Means Clustering Algorithm, is it possible to have a set  of data which results in an Infinite Loop? - Stack Overflow]

			Fig. 1.12 Example of K-means algorithm

			

			It is a centroid-based algorithm, where each group is associated with a centroid. The main purpose of this algorithm is to minimize the sum of the distances between the data points and their corresponding groups. The algorithm takes an unlabeled data set as input, divides the data set into k groups, and repeats the above process until the best group is found. The value of k must be pre-determined in the algorithm. The clustering algorithm of k means performs mainly two tasks: 

			�	Determine the best value of K central points or centroids through an iterative process.

			�	Assign each data point to its closest k center. Data points near a particular k center create a cluster. 
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