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			Preface
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			Artificial Intelligence is a mixture of human intelligence and machine rationality. It has many subjects surrounding it, such as machine learning, deep learning. AI, these days becoming a crucial part of everyone's knowledge representation, planning, learning, natural language processing, perception, and the ability to move and manipulate objects. According to the father of Artificial Intelligence, John McCarthy, "The science and engineering of making intelligent machines, especially intelligent computer programs." AI is accomplished by studying how the human brain thinks and how humans learn, decide, and work while trying to solve a problem and then using the outcomes of this study to develop intelligent software and systems. It is a science and technology based on disciplines such as Computer Science, Biology, Psychology, Linguistics, Mathematics, and Engineering.

			The applications for artificial intelligence are endless. The technology can be applied to many different sectors and industries. Artificial intelligence was coined in 1956, but AI has become more popular today thanks to increased data volumes, advanced algorithms, and improvements in computing power and storage. AI automates repetitive learning and discovery through data, adds intelligence, analyzes more and deeper data, achieves incredible accuracy, gets the most out of data. The examples of Artificial intelligence are  Siri, Alexa and other smart assistants, Self-driving cars, Robo-advisors, Conversational bots, Email spam filters, Netflix's recommendations

			The book covers ten chapters. It covers the total subject from origin to future advancements of Artificial Intelligence. The main objective of AI is problem-solving through a machine that is more effective than humans. The problem-solving methods include search strategies, uninformed, informed, local search algorithms, backtracking, optimization problems. Knowledge representation and learning systems are described. The main application of AI is Natural Language Processing, which is explained with its subtopics. Robotics, machine learning is discussed thoroughly with examples and real-world use cases. The ethical issues, legal issues, limitations, opportunities of AI are interpreted. I hope you will enjoy learning and implementing the theories in the practical world.
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			Chapter 1. Evolution Of AI

			1.1 History of AI

			The birth of the computer took place when the first calculator machines were developed, from the mechanical calculator of Babbage, to the electromechanical calculator of Ton-es-Quevedo. The dawn of automata theory can be traced back to World War II with what was known as the "codebreakers". The amount of operations required to decode the German trigrams of the Enigma machine, without knowing the rotor's position, proved to be too challenging to be solved manually. The inclusion of automata theory in computing conceived the first logical machines to account for operations such as generating, codifying, storing and using information. Indeed, these four tasks are the basic operations of information processing performed by humans. The pioneering work by Raman y Cajal marked the birth of neuroscience, although many neurological structures and stimulus responses were already known and studied before him. For the first time in history the concept of "neuron" was proposed. McClulloch and Pitts further developed a connection between automata theory and neuroscience, proposing the first artificial neuron which, years later, gave rise to the first computational intelligence algorithm, namely "the perceptron". This idea generated great interest among prominent scientists of the time, such as Von Neumann, who was the pioneer of modern computers and set the foundation for the connectionism movement. 

			In the 1940s and 50s, a handful of scientists from a variety of fields (mathematics, psychology, engineering, economics, and political science) began to discuss the possibility of creating an artificial brain. The field of AI research was founded as an academic discipline in 1956. The early works of AI were Cybernetics and early neural networks, Turing’s test, Game AI, Symbolic reasoning, and the Logic Theorist. Later, the works are advanced to the next level in fields like Reasoning as search, Natural language, Micro-worlds, Robotics. The innovation was running in track until 1974. Later the problems such as Limited computer power, less funding, Critiques, attack on connectionism were raised. However, the determination of scientists was so strong that the situation became upside down, and the negatives changed to positives. There was a rise of expert systems, the knowledge revolution, the Fifth Generation project, and many more in this field.
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			Fig. 1.1 History of AI

			1.2 Seasons of AI

			The evolution of AI to date, has endured several cycles of optimism (springs) and pessimism or negativism (winters) 

			Birth of AI (1952-1956)

			Before the term AI was coined, there were already advances in cybernetics and neural networks, which started to attract the attention of both the scientific communities and the public. The Dartmouth Conference (1956) was the result of this increasing interest and gave rise to the following golden years of AI with high levels of optimism in the field 

			First spring (1956-1974)

			Computers of the time could solve algebra and geometric problems, as well as speak English. Advances were qualified as "impressive" and there was a general atmosphere of optimism in the field. Researchers in the area estimated that a fully intelligent machine would be built in the following 20 years 

			First winter (1974-1980)

			The winter started when the public and media questioned the promises of AI. Researchers were caught in a spiral of exaggerated claims and forecasts but the limitations the technology posed at the time were inviolable. An abrupt ending of funding by major agencies such as DARPA, the National Research Council, and the British Government led to the first winter of AI.

			Second Spring (1980-1987)

			Expert systems were developed to solve problems of a specific domain by using logical rules derived from experts. There was also a revival of connectionism and neural networks for character or speech recognition. This period is known as the second spring of AI

			Second winter (1987-1993)

			Specialized machines for running expert systems were displaced by new desktop computers. Consequently, some companies that produced expert systems went into bankruptcy. This led to a new wave of pessimism ending the funding programs initiated during the previous spring.

			In the background (1997-2000):

			From 1997 to 2000, the field of AI was progressing behind the scenes, as no further multi-million programs were announced. Despite the lack of major funding, the area continued to progress as increased computer power and resources were developed. New applications in specific areas were developed, and the concept of “machine learning” became the cornerstone of AI.

			Third spring (2000-Present): 

			Since 2000, with the success of the Internet and web, the Big Data revolution started to take off along with newly emerged areas such as Deep Learning. This new period is known as the third spring of AI, and for the time being, it looks like it is here to stay. Some have even started to predict the imminent arrival of singularity - an intelligence explosion resulting in a powerful super-intelligence that will eventually surpass human intelligence. Is this possible?

			

			1.3 Basic Terminologies of AI

			1. Artificial Intelligence 

			Artificial intelligence (AI) refers to the simulation of human intelligence in machines programmed to think like humans and mimic their actions. The term may also be applied to any machine that exhibits traits associated with a human mind, such as learning and problem-solving.

			2. Categories of Artificial Intelligence:

			�	Weak AI: It embodies a system designed to carry out one particular job. Weak AI systems include video games such as chess and personal assistants such as Amazon’s Alexa and Apple’s Siri. You ask the assistant a question; it answers it for you.

			�	Strong AI: The systems are systems that carry on the tasks considered to be human-like. These tend to be more complex and complicated systems. They are programmed to handle situations in which they may be required to problem solve without having a person intervene. These kinds of systems can be found in applications like self-driving cars or hospital operating rooms.

			3. Fuzzy Logic

			Fuzzy Logic is an approach to variable processing that allows multiple possible truth values to be processed through the same variable. Fuzzy logic attempts to solve problems with an open, imprecise spectrum of data and heuristics that makes it possible to obtain an array of accurate conclusions.

			4. Knowledge Engineering

			Knowledge engineering is a field of artificial intelligence (AI) that creates rules to apply to data to imitate the thought process of a human expert. It looks at the structure of a task or a decision to identify how a conclusion is reached. A library of problem-solving methods and the collateral knowledge used for each can then be created and served up as problems to be diagnosed by the system. The resulting software could then assist in diagnosis, trouble-shooting, and solving issues either on its own or in a support role to a human agent

			5. Natural Language Processing 

			Natural Language Processing (NLP) is a field of artificial intelligence (AI) that enables computers to analyze and understand human language, both written and spoken. It was formulated to build software that generates and comprehends natural languages so that a user can have natural conversations with a computer instead of through programming or artificial languages like Java or C.

			

			6. Chatbot

			A chatbot is a computer program that simulates human conversation through voice commands or text chats or both. Chatbot, short for chatterbot, is an artificial intelligence(AI) feature that can be embedded and used through any major messaging application. There are a number of synonyms for chatbot, including “talkbot,” “bot,” “IM bot,” “interactive agent,” or “artificial conversation entity.”

			7. Types of AI

			• Reactive AI

			Algorithms used in this early type of AI lack memory and are reactive; given a specific input, the output is always the same. As a result, machine learning models using this type of AI are effective for simple classification and pattern recognition tasks. They can consider huge chunks of data and produce a seemingly intelligent output, but they cannot analyze scenarios that include imperfect information or require historical understanding.

			• Limited memory machines

			The underlying algorithms in limited memory machines are based on our understanding of how the human brain works and are designed to imitate how our neurons connect. This type of deep machine learning can handle complex classification tasks and use historical data to make predictions; it also is capable of completing complex tasks, such as autonomous driving 

			• Theory of mind

			This type of as-yet-unrealized AI is defined as capable of understanding human motives and reasoning and delivering personalized results based on an individual’s motives and needs. Also referred to as artificial general intelligence (AGI), the theory of mind AI can learn with fewer examples than limited memory machines; it can contextualize and generalize information and extrapolate knowledge to a broad set of problems. 

			• Self-aware AI

			This type of AI is aware of the mental state of other entities and is also aware of itself. Self-aware AI, or artificial superintelligence (ASI), is defined as a machine with intelligence on par with general human intelligence and, in principle, capable of surpassing human cognition by creating ever more intelligent versions of itself. However, we don’t know enough about how the human brain is organized to build an artificial one that is as, or more, intelligent in a general sense.

			8. Intelligent Agents

			An intelligent agent is an autonomous entity that leverages sensors to understand a situation and make decisions. It can also use actuators to perform both simple and complex tasks. In the beginning, it might not be so great at performing a task, but it will improve over time. The Roomba vacuum cleaner is an excellent example of this.

			9. Turing test

			The Turing test, named after Alan Turing, tests a machine’s human-level intelligence. For example, in a human-versus-machine scenario, a judge will be tasked with identifying which terminal was occupied by a human and occupied by a computer-based on individual performance. Whenever a computer can pass off as a human, it’s deemed intelligent. The game has since evolved, but the premise remains the same.

			10. TensorFlow

			TensorFlow is an open-source framework dedicated to ML. It’s a comprehensive and highly adaptable ecosystem of libraries, tools, and community resources that help developers build and deploy ML-powered applications. Both AlphaGo and Google Cloud Vision were built on the Tensorflow platform.

			11. Game Theory 

			Game theory, developed by American mathematician Josh Nash, is essential to AI because it plays an underlying role in how these smart algorithms improve over time. At its most basic, AI is about algorithms that are deployed to find solutions to problems. Game theory is about players in opposition trying to achieve specific goals. As most aspects of life are about competition, game theory has many meaningful real-world applications. These problems tend to be dynamic. Some game theory problems are natural candidates for AI algorithms. So, whenever game theory is applied, multiple AI agents that interact with each other will only care about its utility.	

			12. Collaborative Filtering

			Collaborative filtering can be described as a process of finding patterns from available information to build personalized recommendations. You can find collaborative filtering in action when you visit websites like Amazon and IMDB. Also known as social filtering, this approach essentially makes suggestions based on the recommendations and preferences of other people who share similar interests.

			13. Feature Vector

			A feature vector is an n-dimensional vector that contains essential information that describes the characteristics of an object. For example, it can be an object’s numerical features or a list of numbers taken from the output of a neural network layer. In AI and data science, feature vectors can represent numeric or symbolic characteristics of an object in mathematical terms for seamless analysis.

			

			1.4 Artificial Intelligence Programming 

			Related Definitions

			1.4.1 Hash Table

			There are two parts to a hash table. The first is an array or the actual table where the data is stored, and the other is a mapping function known as the hash function. It’s a data structure that implements an associative array abstract data type that can map key values. It can also compute an index into an array of slots or buckets where the desired value can be found.

			1.4.2 Regularization

			When you have underfitting or overfitting issues in a statistical model, you can use the regularization technique to resolve them. Regularization techniques like LASSO help penalize some model parameters if they are likely to lead to overfitting. If the interviewer follows up with a question about other methods that can be used to avoid overfitting, you can mention cross-validation techniques such as k-folds cross-validation. Another approach is to keep the model simple by taking into account fewer variables and parameters. Doing this helps remove some of the noise in the training data.

			1.4.3 Difference between Artificial Intelligence, Machine Learning, Deep Learning

			• Artificial Intelligence

			It originated in the 1950s. AI represents simulated intelligence in a machine. AI is a subset of Data Science. The main aim is to build machines that are capable of thinking like humans

			• Machine Learning

			It originated in the 1960s. ML is the practice of getting machines to make decisions without being programmed. ML is a subset of AI & Data Science. The main is to build machines learning through data so that they can solve problems

			• Deep Learning

			It originated in the 1970s. DL is the process of using Artificial Neural Networks to solve complex problems. DL is a subset of ML, AI & Data Science. The main aim is to build neural networks that automatically discover patterns for feature detection

			

			1.4.4 Different domains of Artificial Intelligence

			• Machine Learning

			It’s the science of getting computers to act by feeding them data so that they can learn a few tricks on their own without being explicitly programmed to do so.

			• Neural Networks

			They are a set of algorithms and techniques modeled in accordance with the human brain. Neural Networks are designed to solve complex and advanced machine learning problems.

			• Robotics

			Robotics is a subset of AI, which includes different branches and applications of robots. These Robots are artificial agents acting in a real-world environment. For example, an AI Robot works by manipulating the objects in its surrounding by perceiving, moving, and taking relevant actions.

			• Expert Systems

			An expert system is a computer system that mimics the decision-making ability of a human. It is a computer program that uses artificial intelligence (AI) technologies to simulate the judgment and behavior of a human or an organization that has expert knowledge and experience in a particular field.

			• Fuzzy Logic Systems

			Fuzzy logic is an approach to computing based on “degrees of truth” rather than the usual “true or false” (1 or 0) Boolean logic on which the modern computer is based. Fuzzy logic Systems can take imprecise, distorted, noisy input information.

			• Natural Language Processing

			Natural Language Processing (NLP) refers to the Artificial Intelligence method that analyses natural human language to derive useful insights to solve problems.

			1.5 Explain the commonly used Artificial 

			Neural Networks

			1.5.1 Feedforward Neural Network

			The simplest form of ANN, where the data or the input travels in one direction. The data passes through the input nodes and exits on the output nodes. This neural network may or may not have hidden layers.

			

			1.5.2 Convolutional Neural Network

			Here, input features are taken batch-wise like a filter. This will help the network to remember the images in parts and can compute the operations. Mainly used for signal and image processing

			1.5.3 Recurrent Neural Network

			Works on the principle of saving the output of a layer and feeding this back to the input to help in predicting the outcome of the layer. Here, you let the neural network work on the front propagation and remember its information for later use. This way, each neuron will remember some information it had in the previous time-step.

			1.5.4 Autoencoders

			These are unsupervised learning models with an input layer, an output layer, and one or more hidden layers connecting them. The output layer has the same number of units as the input layer. Its purpose is to reconstruct its own inputs. Typically for dimensionality reduction and for learning generative models of data.

			1.6 Summary

			The first chapter is the introduction of Artificial Intelligence. History says Artificial Intelligence is not a new word and not a new technology for researchers. This technology is much older than you would imagine. Even there are the myths of Mechanical men in Ancient Greek and Egyptian Myths. Following are some milestones in the history of AI, which define the journey from the AI generation to date development. In 1943, The first work, which is now recognized as AI, was done by Warren McCulloch and Walter pits 1943. They proposed a model of artificial neurons. In 1949, Donald Hebb demonstrated an updating rule for modifying the connection strength between neurons. His rule is now called Hebbian learning. In 1950, Alan Turing was an English mathematician and pioneered Machine learning 1950. Alan Turing published “Computing Machinery and Intelligence,” in which he proposed a test. The test can check the machine’s ability to exhibit intelligence equivalent to human intelligence, called a Turing test. In 1955, An Allen Newell and Herbert A. Simon created the “first artificial intelligence program,” which was named “Logic Theorist.” This program had proved 38 of 52 Mathematics theorems and found new and more elegant proofs for some theorems. In 1956, The word “Artificial Intelligence” was first adopted by American Computer scientist John McCarthy at the Dartmouth Conference. For the first time, AI was coined as an academic field. At that time, high-level computer languages such as FORTRAN, LISP, or COBOL were invented. And the enthusiasm for AI was very high at that time. The seasons of AI are Birth of AI (1952-1956), First spring (1956-1974),

			

			First winter (1974-1980), Second Spring (1980-1987), Second winter (1987-1993), In the background (1997-2000), Third spring (2000-Present). The basic theory and programming terminologies of AI are explained in the above sections.

			1.7 Exercise

				1.	Give an example of the difference between strong AI and weak AI?

				2.	Mention the difference between statistical AI and Classical AI?

				3.	What are alternate, artificial, compound, and natural keys?

				4.	What is an agent in artificial intelligence?

				5.	What are the two different kinds of steps that we can take in constructing a plan?

				6.	When is an algorithm considered completed?

				7.	For online search in ‘Artificial Intelligence’, which search agent operates by interleaving computation and action?

				8.	In top-down inductive learning methods, how many literals are available?  What are they?
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