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AI - Problem Solving

In this world, we all are surrounded by machines and smart devices, many of them working based on the AI principle.
Let us think of a self-driving car, the car itself is making decisions without the help of a driver from the data it receives from the various sensors like the human brain. How
is that possible? The answer is AI.
Let us take another example as a chess game. Have you ever thought about how the computer or your smartphone is playing perfectly like a human opponent? Again,
Join Us

the answer is AI or Artificial Intelligence.
So, we can define AI as a machine that has the ability to make decisions independently without human intervention from the data it receives. so, AI is the Intelligence that
is man-made called Artificial.
Let’s try to understand the meaning of the term artificial intelligence by splitting the term into two: Artificial + Intelligence. The term ‘Artificial’ refers to something
produced by human beings rather than occurring naturally, more specifically a copy of something natural. The word ‘Intelligence’ refers to the ability to acquire and apply
knowledge and skills. So, in short, Artificial Intelligence is an artificially created Intelligence.
The incredible power of humans to use their brain (intelligence) makes them distinguishable from other creatures. Learning, Reasoning, and Problem Solving are the key
factors of human intelligence. Human Intelligence is the mental quality to think rationally, act purposefully, and deal effectively with one’s environment. When this human
Intelligence integrates on machines to mimic human behavior, a new technology emerges and is named Artificial Intelligence.
If a machine is using AI, there is no need for pre-programming or re-programming for different situations like a normal machine. With AI machines can understand and
make decisions for situations or conditions that never happened before.

Definition for AI
How can we define intelligence, so difficult right? Same in the case of AI, AI is not just one technology, it is a set of technologies working together to make a machine to
sense, grasp, act and learn and make decisions with intelligence. Hence it is difficult to define AI in one way and so AI holds a different set of definitions. Let’s have a look
at how different people define AI:
John McCarthy, one of the men who positioned as the father of AI coined the term ARTIFICIAL INTELLIGENCE in the 1950s. He said “Every aspect of learning or any
other feature of intelligence can in principle be so precisely described that a machine can be made to simulate it. An attempt will be made to find how to make machines
use language, form abstractions, and concepts, solve the kinds of problems now reserved for humans, and improve themselves.”
The English Oxford Living Dictionary gives this definition:
“The theory and development of computer systems able to perform tasks normally requiring human intelligence, such as visual perception, speech recognition, decision-

making, and translation between languages”.
Another definition for AI is: “Artificial Intelligence is the stimulation of human Intelligence on man-made machines that are well programmed with a set of algorithms

which can work with their own Intelligence and act like a human”

Why AI is important?
Before going to a deep study about artificial intelligence we must have knowledge about why this new technology is needed? What can AI offer to our world? and much
more. Let us discuss some of the uses of AI in the modern world.

●

We can easily solve our real-life problems with the help of some software based on AI with much more precision than humans like medical diagnosis, traffic,

weather, share trading, etc.

●

We all have used our virtual assistants like google, siri or alexa etc. all are based on AI.

●

Image processing and pattern analyzing which is an AI application-level program is used in various fields now

●

We are able to create robots with the independent ability to make decisions dynamically which will help humans in critical tasks without any loss of human life.

How AI works?
We have already discussed that AI is not a single technology, in General, we can explain the working of AI as a machine that is able to receive a huge amount of data from
different devices and it processes and learns from that data using different intelligent algorithms and making decisions dynamically.
AI makes the machine make decisions using a large number of components of technologies which we can call subdomains. To understand How Artificial Intelligence
actually works, you need to get to know about the subdomains of AI and understand how those domains are applied.

●

MACHINE LEARNING: Machine learning teaches a machine to make inferences and decisions from past experience.

●

DEEP LEARNING: An ML technique teaches a machine to process inputs to classify, infer and predict the outcome.

●

NEURAL NETWORKS: Neural Networks work as similar as human neural cells. A series of algorithms that capture the relationship between various variables

and process the data as a human brain does.

●

NATURAL LANGUAGE PROCESSING: A technology of reading, understanding, interpreting a language by a machine.

●

COMPUTER VISION: Algorithms try to understand an image by breaking down the image and studying different parts.

●

COGNITIVE COMPUTING: Algorithms try to mimic a human brain by analyzing text, images, voice, objects like a human does and tries to produce the desired

output.

3 stages of Artificial Intelligence

Now we know about AI and the need for AI and how AI works. Now let us check the lifecycle of AI. What are the different stages of Artificial intelligence?
STAGE 1: - Machine learning
Set of algorithms used to teach a machine to make inferences and decisions from past experience
STAGE 2: - Machine intelligence
The advanced round of algorithms is used by machines to learn from experience. Deep Neural Networks is an example. Currently, Artificial Intelligence technology is at
this stage.
STAGE 3: - Machine consciousness
Machines learn themselves from experience without the need for external data.

Types of AI

We mentioned above that AI has a wide range of applications and functionalities in the modern world. There are a lot of areas where these AI applications are used, that
starts from a simple game to even in military operations. So generally Artificial intelligence can be broadly divided into two types based on the capability of an AI machine
and the functionalities that an AI machine can do.
Based on capabilities AI is classified into three:
1

NARROW (WEAK) AI: Capable of performing single tasks such as autonomous cars, retail kiosks, etc.;

2

GENERAL (STRONG) AI: Said to have capabilities and functions like the human mind. e.g.: AI in games.

3

SUPER AI: Hypothetical agent that possesses capabilities that will exceed human intelligence (and conceivably take over the world).

Based on functionalities artificial intelligence is classified into four:
1

REACTIVE AI: React only to the existing situations, not past experiences.

2

LIMITED MEMORY AI: Learn from recent experiences to make decisions.

3

THEORY OF MIND AI: Machines are able to understand emotions and able to differentiate between various emotions of different people.

4

SELF-AWARE AI: Systems form representation of themselves.

What contributes to AI?

Artificial Intelligence is not just computer programming, it is not just a technology. We already stated that AI is making a machine to analyze and learn from the data and
make decisions from the learned data. Let us think of the intelligence of a human, we know intelligence is a combination of Reasoning, Learning, Problem Solving,
Perception, Linguistic Intelligence, etc. like the same way artificial intelligence comprises a lot of computer and mathematical aspects. To achieve the above factors for a
machine AI requires the assistance of

●

Computer Science

●

Philosophy

●

Psychology

●

Sociology

●

Maths

●

Biology

●

Neuron Science

Goals of AI
Now we know about artificial intelligence and it's time to discuss what we aim in using artificial intelligence or what are achievements we are going to make using
artificial intelligence.

●

Reasoning and problem-solving.

●

Knowledge representation.

●

Artificial planning.

●

Develop intelligent Machines that could learn on their own.

●

Develop machines that can read and understand human language.

●

Developing machines take input from sensors and react accordingly.

History of AI
1943

The first artificial neuron ‘The Threshold Logic Unit (TLU), or Linear Threshold Unit’ was proposed by Warren McCulloh, a
neurophysiologist, and Walter Pitts a Mathematician. The model was specifically targeted as a computational model of the “nerve net” in
the brain.

1949

Donald Hebb a psychologist introduced the neuro-scientific concept of Hebbian learning also known as Hebb’s Rule or Cell Assembly
Theory, which in turn attempts to connect the psychological and neurological underpinnings of learning.

1950

An imagination game (Turing Test) by Alan Turing, a mathematician, was proposed to test a machine’s ability to exhibit intelligent behavior
equivalent to that of a human.

1955

The first Artificial Intelligence program deliberately engineered to perform automated reasoning called Logic Theorist was written by Allen
Newell, a researcher in computer science and cognitive psychology, Herbert A. Simon, an economist, political scientist, and cognitive
psychologist, and Cliff Shaw, a system programmer. Logic Theorist proved 38 of the first 52 theorems in chapter 2 of Rusell’s Principia
Mathematica. One of the proofs was actually more elegant than the proof produced by hand by Rusell

1956

John McCarthy, a computer Scientist organized the Dartmouth Conference, at which the term ‘Artificial Intelligence’ was first adopted.

1956-1959

High-level computer languages such as FORTRAN, LISP, or COBOL were invented.

1966

The first chatbot (AI software that can simulate a conversation with a user in natural language) named ELIZA was created by Joseph
Weizenbaum.

1971

The first expert system, DENDRAL, was introduced by Edward Feigenbaum, a computer scientist.

1972

The first anthropomorphic robot called WABOT was developed in the world.

1974- 1980

The duration between the years 1974-1980 was known as the first AI winter. During this period of time, the public interest in AI appears to
wane, funding for activities geared toward developing AI in machines is lacking.

1980

The first National Conference on Artificial Intelligence was held at Stanford California.

1987-1993

The duration between the years 1987-1993 was the second AI winter. Again lack of funding became a big problem due to high cost. The
expert system such as XCON was very cost-effective.

1997

An IBM computer called IBM Deep Blue beat the world chess champion after a six-game match

2002

iRobot launches the Roomba which navigates the floor area of a home and cleans it.

2006

The Dartmouth Artificial Intelligence Conference for the Next 50 Years (AI@50) took place.

2009

Google builds autonomous cars.

2010

Microsoft launched Kinetic for Xbox 360, the first gaming device to track human body movement.

2011-2014

Apple’s Siri, Google’s Google Now, Microsoft’s Cortana.

2015

Google Deepmind’s AlphaGo defeated 3-time European Go champion 2 dan professional Fan Hui by 5 games to 0.

2018

An AI program “Duplex” was demonstrated by Google which was a virtual assistant.

2020

Meeting Owl, Kuri Mobile Robot, etc.

Advantages of Artificial Intelligence
Following are some of the main advantages of artificial intelligence

●

HIGH ACCURACY - The ability to make the right decision is one of the main advantages of AI. AI-powered machines use cognitive computing that makes them

capable of making logical decisions without any emotions in real-time.

●

LESS ERROR - AI-based machines help to solve complex real-world problems. Since the machines are programmed for accomplishing a specific task, the

chances for error are very less and it depends on how well we design and programmed the machines to carry out the task.

●

HIGH RELIABILITY - AI-based machines help to perform repetitive tasks for a long time without any slowdown. It can be working for an indefinite time, without

lacking productivity.

●

DIGITAL ASSISTANCE - AI-powered applications provide digital assistance. Today, most organizations make use of digital assistance to perform automated

tasks. There are many practical applications of AI-based digital assistance such as Google Maps, Grammarly, Alexa, and many more.

●

USEFUL FOR RISKY ENVIRONMENTS - AI-based machines can be used for areas where human life might be at risk like defusing a bomb, exploring the ocean

floor, etc.

●

HIGH SPEED - AI systems can be of very high speed and also fast decision making.

●

USEFUL AS A PUBLIC UTILITY - Fraud detection, making welfare payments and immigration decisions, etc. are some examples of the public utility application

of AI.

●

24*7 AVAILABILITY - Human employees can’t work for 24 hours as they need time to refresh themselves. AI can provide services without any delay or lack of

efficiency.

Disadvantages of Artificial Intelligence
Being so advantageous, AI still has some disadvantages which must be kept in our mind while creating an AI system. Following are some of them:

●

HIGH COST-The creation of AI-empowered machines is very expensive. To meet the demand of this changing world, the hardware and software should be

regularly updated. AI-powered devices are built with complex codes, algorithms, software, and hardware. The maintenance of these requires great effort and a large
amount.

●

INCREASED UNEMPLOYMENT-AI replaces low-skilled employees. As AI-based machines can work 24*7 With increased accuracy, industries prefer AI rather

than employing humans.

●

LACKING CREATIVITY-Still AI machines cannot beat the power of human intelligence to create or imagine new ideas. AI can just perform the task it is

programmed for and improve itself by experience.

●

LACKING IMPROVEMENT-AI algorithms are designed to make the machines learn from the data they get. Any redundancy in the data may cause failures in

learning and unpredictable results may be generated. They only can work for which they are programmed. Thus, due to the lack of improvement, AI-generated
results may have inaccuracy and cause great losses.

●

NO FEELINGS AND EMOTIONS-AI powered machines work on algorithms, Mathematical Computing, and cognitive technologies. They lack judgmental power

as they are not aware of ethics, morals, right, the wrong. It would be a great failure if we try to implement AI in places that require strong judgmental ability.

●

INCREASED MACHINE DEPENDENCY-With the improvement of technology, people are getting more machines dependent and hence they are losing their

mental capabilities.

Applications of AI

Nowadays there are a lot of areas we are using AI which can be categorized according to the use and functionality of the AI. See the below table to understand the
categories and their applications where AI is used at the Application level.
Area

Applications

DEEP LEARNING APPLICATION

Fraud Detection.
Autonomous Cars.
Virtual Assistants.
Supercomputing.
Customer Relationship Management (CRM) Systems.
Investment Modeling.
Facial Recognition Systems.

PREDICTIVE ANALYTICS

Google Flu Trends (GFT)
Bing
Amazon
Netflix
Coursera
edX
Udemy

TRANSLATION

Lingua Custodia
SYSTRAN
SDL Government
Canopy Innovations
Text grabber
The ili
Pilot
Google Translate
Facebook
Skype

CLASSIFICATION AND CLUSTERING

Fantasy Football and Sports
Document Analysis
Identifying Fraudulent or Criminal Activity
Classifying Network traffic
Marketing and Sales
Spam Filter
Identifying Fake News

INFORMATION EXTRACTION

Business Intelligent
Financial Investigation
Scientific Research
Media Monitoring
Health Care
Record Management
Pharma Research

SPEECH TO TEXT

Dragon Anywhere
Google Assistant
Transcribe-Speech to Text
Speech Notes- Speech to Text
Voice Notes
Braina
Speech Texter- Speech to Text

TEXT TO SPEECH

Speech Central
Voice Dream Reader
Motoread
Voice Aloud Reader
The Verdict
Murf
Notevibes

IMAGE RECOGNITION

Google Lens
Flow
TapTapSee
Leaf Snap
Calorie Mama
Vivino
Screenshop

MACHINE VISION

Electronic component analysis
Signature identification
Optical character recognition
Handwriting recognition
Object recognition
Pattern recognition
Materials inspection
Currency inspection
Medical image analysis

PLANNING, SCHEDULING AND OPTIMIZATION

Top-K Planners
Semi-Black box for transportation
Planner 4J
DOCIT
Plan recognition as Planning
Google Calendar
Calendar Hero

ROBOTICS

Starship Delivery robots
Pepper Humanoid Robot
Penny Restaurant Robot
Nimbo Security Robot
Shadow Dexterous Hand
Moley Robotic Kitchen system
Flippy Robotic Kitchen Assistant

EXPERT SYSTEM

MYCIN
DENDRAL
PXDES
CaDet

Top used applications in artificial intelligence in our daily life
●

Google’s AI-powered predictions (E.g.: Google Maps).

●

Ride-sharing applications (E.g.: Uber, Lyft).

●

AI Autopilot in Commercial Flights.

●

Spam filters on E-mails.

●

Plagiarism checkers and tools.

●

Facial Recognition.
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Defining Intelligence in a single sentence is hard and it means different things to different people. Intelligence has so many aspects. In general, Intelligence can be
defined as the ability to make decisions, problem-solving, creativity, and adjusting to new situations for survival in a diverse environment.

Turing Test

The ability of a human being to learn from the situation, make decisions concerning the condition, solve problems in the surroundings, adjusting or trying newly arriving
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situations is called the HUMAN INTELLIGENCE. It can be defined as the power or mental capacity of a human. An example of human intelligence is someone who stays
AI - Agents

Agent environment in AI

away from fire.

AI - Agent Environment

What is intelligence composed of?

OtherTutorials

AI - Turing Test
AI - Alternatives to the Turing Test
AI - Problem Solving
AI - Algorithms

Intelligence is composed of

●

Python
Python

C
C

Java
Java

Machine Learning
Machine Learning

R
R

PHP
PHP

GO
GO

Artificial Intelligence
Artificial Intelligence

HTML
HTML

Cyber Security
Cyber Security

C++
C++

Data Science
Data Science

Reasoning

●

Learning

●

Problem Solving

●

Perception

AI - Searching Algorithms

●

VIEW ALL

Linguistic Intelligence

Join Us
Contact mail...

●

REASONING -The set of processes that enables us to provide Predictions, construct explanations, and conclude is called Reasoning.

●

LEARNING Learning is a process that enhances the awareness of the subject of study from gaining knowledge or skill by studying, practicing, being thought, or

experiencing.

●

PROBLEM-SOLVING -One tries to get into the desired solution from a present situation. It also involves the process of decision-making where the best suitable

alternative is selected from multiple alternatives to reach the desired conclusion.

●

PERCEPTION -Perception means getting aware of something.. Sensors are used to aid perception.

●

LINGUISTIC INTELLIGENCE -The ability to use, speak, write verbal and written language.

When human intelligence is possessed by a machine, not all but some aspects It can be called MACHINE INTELLIGENCE. Systems designed with machine intelligence
are called INTELLIGENT SYSTEMS. NOW

What are intelligent systems?
When the abilities of Reasoning, Learning, Problem Solving, and Perception are incorporated with man-made machines, we call them Intelligent Systems or by definition
Machines with advanced technology that perceive and respond to the world around them are called intelligent systems. The intelligence of a system can be defined as
the ability of the system to

●

Calculate

●

Reason

●

Learn from experience

●

Store and retrieve information from memory

●

Solve problems

●

Use natural language fluently

●

Generalize

●

Adapt new situations

An intelligent system can be called a collection of interconnected intelligent devices, networks, other large systems, and software. An intelligent system can gather
information from the environment, analyze that data, and communicate with other systems.

Why the intelligent system is important?
Intelligent systems have a great deal of knowledge about some domains. They are technically advanced machines that can respond to the world around them. It has a
high degree of complexity in the decision-making process and also can explain its action. The most important feature of an intelligent system is its ability to interact with
humans to teach or provide assistance for complex information processing effectively.
An intelligent system is employed in professional domains such as medical diagnosis(recognizing tumors) airport management(air traffic flow management) and for
monotonous work (autonomous car driving or hose cleaning) and dangerous tasks like underwater exploration.

Properties of intelligent system
1

Operates in a complex world with limited available resources.
The information processing capacity of the system is less than the complexity of the world. The entire information about the world cannot be completely
represented in the intelligent system’s memory.

The world consists of two components, environment, and agents. The system observes the environments through sensors and initiates actions using
actuators. Example: A thermostat illustrates the concept of a system that operates in an environment. It uses a thermometer to sense the temperature
of the room (environment) and perform an action by starting or stopping a heater. The system interacts with the user by establishing the desired
temperature. The use of sensors and actuators separates the system body from the rest of the environment. The intelligent agent is placed in the
environment.
2

Possesses primary cognitive abilities.

Intelligent systems possess four primary cognitive abilities
1.

Perception: Extracting information from the environment.

2.

Deliberation: Reasoning the world and deciding on actions.

3.

Interaction: Communication with agents

4.

Action control: Controlling the execution of actions.

Perception and action control are divided into multiple separate components that operate parallel with a high frequency and Deliberation and interaction
which is necessary for reasoning operates sequentially.
Example: Self-driving cars are an example of an intelligent system that illustrates the 4 primary cognitive abilities. The car senses the world with the help
of cameras, accelerometers, acoustic sensors, etc. Perception is achieved with the help of perceptual components specialized in the recognition of
objects(pedestrians, traffic signals, other vehicles). Action control is executed by steering, brake, accelerator, etc. Deliberation is concerned with the
ability to generate a path to reach the final destination. Interaction is performed by presenting the path to follow to reach the destination to the user and
also presenting information about the environment helps the user to execute the trip correctly.
3

Exhibits complex intelligent behavior.Rational action, adapting decisions through learning, and introspection are the abilities that describe the complex
intelligent behavior of a system.
1

Rational action:- To obtain maximum performance in the best possible way, the intelligent system with rational action uses its cognitive
abilities. For example: In a medical diagnosis system the number of times that the disease is correctly diagnosed is considered as the
measure of performance. The exact performance measure cannot be obtained by an intelligent system but estimations are done on
expected performance. This can be programmed explicitly with a decision-making algorithm(eg. Decision theory). Cognitive abilities like
perception, interaction, deliberation, and actuations are used to perform rational decisions.

2

Adaptation through learning:- The intelligent system obtains the capacity to adapt to the changing world through learning. Cognitive
abilities like perception and action control can be improved through learning. An intelligent system can use an internal method or external
method to make a value judgment to evaluate its behavior. This evaluation of the system’s behavior helps to change the internal model
to modify its future behavior.

3

Introspection:- This is the ability to analyze how the cognitive abilities of its own can operate. A model with introspection can be used as
the input for algorithms to simulate the self-awareness process. This ability allows the system to perform explanations to an external
agent.

Two types of intelligent system
Two Intelligent systems are Intelligent Tutoring System (ITS) and Expert Systems.

1. INTELLIGENT TUTORING SYSTEM
As the name indicates, the ITS provides instruction to the user (student) similar to a human tutor. ITS provides personalized instruction and feedback to its users. Certain
studying strategies are suggested by the system with the help of deep learning algorithms for individuals. It continuously tracks the user’s progress and provides next
step hints and chooses practice problems that help the user to improve or learn new skills. ITS will enable the user to work to reach the successful conclusion of problemsolving. It provides instructions in the problem-solving context and also helps to get an understanding of the problem-solving knowledge.
Examples for ITS

●

Tracing Tutors

●

Stoich Tutor

●

iTalk2Learn

●

Duolingo Chatbot

●

Thinkster Math

2. EXPERT SYSTEMS
The expert system contains an expert's knowledge or expert’s knowledge about some domain (nuclear industry, accounting, etc). The knowledge base which contains all
the specialized and technical knowledge an expert possesses is the most important part of an Expert System. Knowledge from more than one expert is integrated within
the knowledge base of an Expert system and hence can make the solutions more efficient.
The five basic types of Expert Systems are

●

Rule-based expert system: Take knowledge from human experts and convert this knowledge into several hardcoded rules.

●

Frame-based expert system: It is a concept of a collection of slots. Here frames are used to represent knowledge and rules play a secondary role.

●

Fuzzy expert system: Based on logic. Rules are modeled from fuzzy preferences of expert's knowledge.

●

Neural expert system: Advantages of a rule-based expert system and advantages of a neural network like learning, generalization, robustness, and parallel

information processing are combined.

●

Neuro-fuzzy expert system: Merging a neural network with a fuzzy expert system provides a more powerful technology called neuro-fuzzy systems.

The expert system generally consist of four components
1

A Knowledge Base: A storage where a collection of knowledge from different experts about any particular domain or subject.

2

The search or inference system: Main processing unit of expert system and hence called as the brain of an expert system. knowledge from the
knowledge base is extracted and applies inference rules to the knowledge base to produce an error-free solution for user queries.

3

A knowledge acquisition system: The domain knowledge is extracted, organized, and structured to acquire knowledge from various experts

4

The user interface or communication system: The user interacts with the expert system through the user interface. It takes user queries as inputs and
passes them to the inference engine and displays the output to the user.

Examples of Expert Systems

●

MYCIN

●

DENDRAL

●

PXDES

Application of intelligent system
In today’s society, intelligent systems are poised to fill a growing number of roles. Some of them are

●

Entertainment

●

Character recognition

●

Visual Surveillance

●

Intelligent Transportation

●

Human Identification using biometric parameters.

●

Education

●

Medical Care

●

Military Applications

●

Robotics

●

Factory Automation

Challenges of an intelligent system.
●

DYNAMIC WORLD: -The continuously changing physical world requires decisions to be made at a fast time to accommodate the changes in the environment.

●

MAPPING: - Computer vision must deal with the challenges including changes in background motion, lighting, and scale, grouping items with intra/inter-class

variation. There are a lot of chances to lose information from the 3D world to the 2D world.

●

UNCERTAINTY: - Any actions the intelligent system takes may be incorrect due to noise in the sensors and due to the limitations in executing actions.

●

TIME-CONSUMING COMPUTATION: - Expensive computation or search through a very large state space is required for searching for the optimal path to a goal.

Difference between human and machine intelligence
HUMAN INTELLIGENCE

MACHINE INTELLIGENCE

Humans become aware or conscious or understand by patterns.

Machines understand or become aware of a set of rules and data.

Humans recall information by patterns.

Machines recall information by searching algorithms.

Even if some part of an object is missing or distorted, Humans can figure out the object

Machines cannot figure out an object completely without errors with distorted

completely

information.
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Artificial Intelligence type-2: Based on the
functionality

In this tutorial, we are going to discuss the types of AI or an artificial intelligence which means how artificial intelligence is categorized. As we know, AI is defined as the
machine's ability to analyze data and make decisions, or the ability to think and act like a human in a new situation.
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So we can divide the AI broadly into two categories, firstly, based on the ability of an AI machine how much it can do in a situation, which means analyzing and making
decisions according to the data.

Introduction to Artificial Intelligence

For example, AI that is used in a Self-driving car has only a narrow AI which means it can act perfectly for a specific purpose without needing common sense or general

Artificial Intelligence Algorithm

background knowledge. In the higher ability needed cases, the AI machine must have much more common sense and background data, etc for taking decisions, so we
AI - Alternatives to the Turing Test

are categorizing based on the ability.

Types of artificial intelligence

AI - Problem Solving

Next broad classification of AI id based on the functionalities. We already discussed that AI is used for various purposes starting from a simple mobile game to even in

Agents in Artificial Intelligence

AI - Algorithms
AI - Searching Algorithms

military real-time situations. So we have to divide the AI machines based on their functionalities.
For example, in the basic case of an automatic responder, we need only a simple AI machine. Take the case of mobile games, it needs only a limited amount of memory
and processing like that we are dividing AI based on functionalities.
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We are discussing more than classification in detail in the below sections.

Artificial Intelligence type-1: Based on Capabilities
According to the capability-based classification, there are three types of AI or AI-based machines
1

Narrow AI
Join Us

2

General AI

3

Super AI

Contact mail...

1. NARROW AI
Narrow AI or Weak AI is an Artificial Intelligence technology that enables a high-functioning system that reproduces or perhaps exceeds human intelligence for a
dedicated purpose. Narrow AI is designed to perform a specific task or they are goal-oriented or is limited to a specific or narrow area. Narrow Intelligent systems only
have specific intelligence. All forms of modern AI can be classified as weak/Narrow AI.
Examples of Narrow AI

●

Image and facial recognition systems: The systems used by social media companies like Facebook and Google to automatically identify people in photographs

are forms of weak AI.

●

Chatbots and conversational assistants: Google Assistant, Siri, and Alexa, and customer-service chatbots.

●

Self-driving vehicles: Autonomous/semiautonomous cars such as Tesla models and autonomous drones

●

Predictive maintenance models: These models depend on data, often collected through sensors, to help predict a failure in machine parts and alert users

ahead of time.

●

Recommendation engines: These systems can predict contents a user might like or will search for next.

ADVANTAGES

●

DISADVANTAGES

Single tasks can be performed with efficiency often better than

●

Task performance is completely based on their designs and decisions

humans.

are made based on their trained data.

●

●

E.g.: A weak AI system designed to identify cancer from X-ray might be

Complex models are trained on massive amounts of data. A large

able to spot a cancerous mass in images faster and accurately than a

amount of data contain incorrect information, so a model trained on those

trained radiologist.

data could accidentally internalize that incorrect data as true and can often

●

The predictive maintenance platform could analyze incoming sensor

give incorrect results.

data in real-time.

2. GENERAL AI
Artificial General Intelligence or strong AI is a system that can perform the particular task that they are designed for or the particular function assigned to them with
greater efficiency than humans can, while they are a big zero to do any task which is not assigned to them. AGI machines are designed to solve problems like humans
with general intelligence. The characteristics that AGI should have are :

●

Common Sense

●

Background Knowledge

●

Transfer Learning

●

Abstraction

●

Causality

The AI system can’t be achieved AGI now, theoretically replication human brain using an algorithm is possible. Artificial Intelligence will take a long time to reach the
Artificial General Intelligence stage. However, the transition has begun.
ADVANTAGES

DISADVANTAGES

●

General AI can carry a huge range of tasks.

●

Empowering surveillance and control of the population.

●

AGI can carry any task that a human can.

●

Small organizational groups will trespass the power.

●

Can take every role of a human.

●

Underpinning fearsome weapons

●

AGI could be a huge positive in terms of money, time and lives saved.

●

Undermining democracy.

●

No morality.

3. SUPER AI
The software-based system holds intellectual powers beyond those of humans. It is the imaginary AI that not only interprets human behavior but is where machines will
become self-aware enough to surpass the capacity of human intelligence and behavioral ability. With Superintelligence, machines can think of possible abstractions
which are simply impossible for humans to think of. ASI would be exceedingly far-far better at everything or whatever we do ASI would have a greater memory with a
faster ability to process and analyze.
ADVANTAGES

DISADVANTAGES

●

Much more powerful than today’s human intelligence.

●

It may be a human threat.

●

Self-improvement.

●

Able to seize power over its environment and prevent the human from

shutting it down.

Narrow AI VS General AI
Narrow AI

General AI

●

AI-focused on limited tasks.

●

Multiple tasks can be performed.

●

Trained on specific tasks.

●

A huge range of tasks can be carried out.

●

No self-awareness, consciousness, ability to think.

●

Fully self-aware.

●

To accomplish a task, questions or assignments to specific tasks are

●

Independent decisions.

●

Attempt to create an AI with hardware.

correlated.

●

Attempt to create an AI with software

Artificial Intelligence type-2: Based on the functionality
According to the functionality based classification, there are four types of AI or AI-based machines:
1

Reactive Machines

2

Limited Memory Machines

3

Theory of Mind

4

Self -Aware AI

1. REACTIVE MACHINES
Reactive machines are the basic type of AI. This type of machine can’t store memories or use any experience to determine future actions. Reactive machines can only
perceive the present situation and react to the respective. They are not meant to learn. Reactive Machines are with extremely limited capacity. This type of machine can
only be used to perform an automatic response to a limited set of inputs. Reactive Machines cannot refer to any of their past experiences, and cannot improve their own
with practice. IBM’s Deep Blue is an example of a reactive machine type that won the first computer chess championship in 1997, defeating the grandmaster Garry
Kasparov.
ADVANTAGES

DISADVANTAGES

●

The most common type of AI and comparatively easy to implement.

●

Not able to learn.

●

Recognize the world and react to it.

●

Data are not stored or lack memory

2. LIMITED MEMORY
Limited Memory machines can retain data for a limited period. The retained data cannot be added to a library of their experiences, only can use this data for a specific
period. As distinct from reactive memory types, Limited Memory consists of machine learning models that extract information from previously learned information, facts,
events, or limited Memory type machines can learn by analyzing the data given to them. These types are used by virtual voice assistants, chatbots, self-driving cars, and
several other technologies.
Self-driving cars, use limited memory technology, depend on a combination of integrated and observationally gathered knowledge. Their ability to drive comes from
analyzing their environment, detecting patterns in external factors, and adapting as required. Self-driving cars gather information from the movement of other traffic
participants present in their line of sight. The software analyses the data and decides on the speed and the direction of the vehicle. After the implementation of limited
memory, the response time on machines has decreased to a great extent.
ADVANTAGES

DISADVANTAGES

●

Knowledge can be extracted from previous events.

●

Complex algorithms

●

Complex classification tasks can be performed.

●

Limited resources

3. THEORY OF MIND
AI Machines with the human ability to represent the mental states of others, including their belief, desires, and intentions are the Theory of Mind type machines. This
type of AI is still hope, but researchers are making a lot of efforts to develop such AI machines. For integrating AI into human society, the same capability of inferring
human mental states is a prerequisite. During the last several years, the theory of mind is fueled by deep learning. Theory of Mind aims to span across the field of
artificial intelligence, cognitive science, and neuroscience. The major areas of the human brain that are involved in the theory of mind are revealed by neuroscientific
investigators. A computer with a ‘mind’ does not exist yet.

ADVANTAGES

DISADVANTAGES

●

Understand human emotions.

●

Implementation is much more challenging.

●

Able to perform social interaction like humans.

●

Software development and maintenance are very expensive.

4. SELF-AWARE AI
Self-Aware AI is believed as the ultimate goal of AI development. This type of machine raises the question of whether a machine can become truly self-aware, or
‘conscious’, and is best left for philosophers. Self-Aware AI machines will be super intelligent with their consciousness, sentiments, and self-awareness. This will be
smarter than the human mind. Self-Awareness of AI is remaining as a hypothetical concept.

ADVANTAGES

DISADVANTAGES

●

Smarter than human.

●

Trespass the earth over humans.

●

Equal to humans in all senses.

●

The actions of machines may get uncontrollable.
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Agents in Artificial Intelligence

 What is an intelligent agent?
 How do intelligent agents work?
 Characteristics of intelligent agents
 Structure of AI agent

In this tutorial, we are going to discuss agents in Artificial Intelligence. An AI system contains an agent and its environment. An intelligent agent is a software entity that
enables artificial intelligence to take action. Intelligent agent senses the environment and uses actuators to initiate action and conducts operations in the place of users.

Related Tutorials

Or simply an Intelligent Agent (IA) is an entity that makes decisions.

VIEW ALL

 Rational Agent
 PEAS representation

Agents in Artificial Intelligence

What is an agent?

 Applications of intelligent agents
 Types of AI Agents

Intelligent system

Anything that recognizes the environment through sensors and acts upon the environment initiated through actuators is called AGENTS. An agent performs the tasks of
Types of artificial intelligence

recognition, thinking, and acting cyclically. An agent can be:
AI - Agent Environment

●

Human-Agent: eyes, ears, and other organs as sensors and hand, legs, vocal track as actuators.

AI - Turing Test

●

Robotic Agent: cameras, infrared range finder, sensors, and various motors

●

Software Agent: Set of programs designed for particular tasks like checking the contents of received emails and grouping them as junk, important, very

AI - Alternatives to the Turing Test

Informed Searching Algorithms
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What is an intelligent agent?
An intelligent agent is an agent that can perform specific, predictable, and repetitive tasks for applications with some level of individualism. These agents can learn while
performing tasks. These agents are with some human mental properties like knowledge, belief, intention, etc. A thermostat, Alexa, and Siri are examples of intelligent
agents.
The main functions of intelligent agents are

●

Perception: Done through sensors

●

Actions: Initiated through actuators.

Four rules for an AI agent:
Rule 1: Must have the ability to recognize the environment.
Rule 2: Decisions are made from observations.
Rule 3: Decision should result in actions.
Rule 4: The action must be rational.

How do intelligent agents work?
Sensors, actuators, and effectors are the three main components the intelligent agents work through. Before moving into a detailed discussion, we should first know
about sensors, effectors, and actuators.
Join Us

Sensor: A device that detects environmental changes and sends the information to other devices. An agent observes the environment through sensors. E.g.: Camera,
GPS, radar.

Contact mail...

Actuators: Machine components that convert energy into motion. Actuators are responsible for moving and controlling a system. E.g.: electric motor, gears, rails, etc.
Effectors: Devices that affect the environment. E.g.: wheels, and display screen.

The above diagram shows how these components are positioned in the AI system.
Percepts or inputs from the environment are received through sensors by the intelligent agent. Using this acquired information or observations this agent uses artificial
intelligence to make decisions. Actuators will then trigger actions. Percept history and past actions will influence future decisions.

Characteristics of intelligent agents
●

Intelligent agents have some level of individualism that allows them to perform certain tasks on their own.

●

IA can learn even as tasks are carried out.

●

They can make interactions with other entities like agents, humans, and systems.

●

New rules can be accommodated.

●

Goal-oriented habits

Structure of AI agent
The structure of an intelligent agent can be viewed as the combination of architecture and agent program
IA structure consists of three main parts:
1

Architecture: The machinery that the agent executes on or the devices that consist of actuators and sensors. PC, camera, etc are examples.

2

Agent function: It is used to map a percept to an action. Percept Sequence refers to the history of the recognized information of the intelligent agent.

3

Agent program: It is an implementation of the agent function. The execution of the agent program on the physical architecture produces the agent
function.

F: P* → A = the agent program runs on the physical architecture to produce function f
simple agent program can be defined as an agent function that maps every possible percept to a possible action that an agent can perform.
Now we got a clear picture of what an intelligent agent is. For artificial intelligence, the actions based on logic(rational) are much important because the agent gets a
positive reward for each best possible action and a negative reward for each wrong action. Now take a look at rationality and rational agents.

Rational Agent
An ideal rational agent is an agent that can perform in the best possible action and maximize the performance measure. The actions from the alternatives are selected
based on:

●

Percept sequence

●

Built-in knowledge base

The actions of the rational agent make the agent most successful in the percept sequence given. The highest performing agents are rational agents.

RATIONALITY
Rationality defines the level of being reasonable, sensible, and having good judgment sense. It is concerned with actions and results depending on what the agent has
recognized. Rationality is measured based on the following:

●

Performance measure

●

Prior knowledge about the environment

●

Best possible actions that can be performed by an agent

●

Percepts sequence

PEAS representation in AI
It is a type of model on which an AI agent works on. It is used to group similar agents. Environment, actuators, and sensors of the respective agent are considered to
make performance measure by PEAS.
PEAS stands for Performance Measure, Environment, Actuator, and Sensor.
1

Performance Measure: The performance of each agent varies based on their percepts and the success of agents is described using the performance
measure unit.

2

Environment: The surrounding of the agent for every instant. The environment will change with time if the respective agent is set in motion.
Environments are of 5 major types:

●

Fully observable & Partially observable

●

Episodic & Sequential

●

Static & Dynamic

●

Discrete & Continuous

●

Deterministic & Stochastic

3

Actuator: Part of the agent which initiates the action and delivers the output of action to the environment.

4

Sensors: Part of the agent which takes inputs for the agent.

Example of Agents with their PEAS representation

Agent

Performance Measure

Environment

Actuators

Sensors

Vacuum Cleaner

Cleanness

Room

Wheels

Camera

Efficiency

Table

Brushes

Dirt detection sensor

Battery Life

Wood floor

Vacuum Extractor

Cliff sensor

Security

Carpet

Bump sensor

Various Obstacles

Infrared wall sensor

Automated Car Drive

Comfortable trip

Roads

Steering wheel

Camera

Safety

Traffic

Accelerator

GPS

Maximum Distance

Vehicles

Brake

Odometer

Mirror

Hospital Management System

Patient’s health

Hospital

Prescription

Symptoms

Admission process

Doctors

Diagnosis

Patient’s response

Payment

Patients

Scan report

Types of AI Agents
Based on the capabilities and level of perceived intelligence intelligent agents can be grouped into five main categories.
1

Simple Reflex Agents

2

Model-Based Reflex Agents

3

Goal-Based Agents

4

Utility-Based Agents

5

Learning Agent

1. SIMPLE REFLEX AGENTS

The current percept is used rather than the percept history to act by these agents. The basis for the agent function is the condition-action rule. The Condition-action rule
is a rule that maps a condition to an action. (e.g.: a room cleaner agent works only if there is dirt in the room). The environment is fully observable and a fully observable
environment is ideal for the success of the agent function. The challenges to the design approach of the simple reflex agent are:
Very limited intelligence

●

No knowledge of Unrecognized parts of the current state.

●

Size is difficult to store.

●

Environmental changes are not adaptable.

2. MODEL-BASED REFLEX AGENT

The percept history is considered by Model-based reflex agents in their actions. These agents can still work well in an environment that is not fully observable. They use a
model of the world to choose respective actions and they maintain an internal state.
Model

– understand How things are happening in the world, so it is called a model-based agent.

Internal State – The unnoticed features of the current state is represented with the percept history.
Updating the agent state requires the information about

●

How the world evolves.

●

How the world is affected by the agent’s action.

3. GOAL-BASED AGENTS

For describing capabilities, goal-based agents use goal information. These agents have higher capabilities than model-based reflex agents since the knowledge
supporting a decision is explicitly modeled and thereby modifications are allowed. For these agents, the knowledge about the current state environment is not sufficient
to decide what to do. The goal must describe the desirable situations. The agent needs to know about this goal. The agents choose actions to achieve the goal. Before
deciding whether the goal is achieved or not these agents may have to consider a long sequence of possible actions. Goal − description of desirable situations

4. UTILITY-BASED AGENTS

Choices made by these agents are based on utility. Extra components of utility measurement made them more advanced than goal-based agents. They act based not
only on goals but also on the best way to achieve the goal. The utility-based agents are useful when the agent has to perform the best action from multiple alternatives.
The efficiency of each action to achieve the goal is checked by mapping each state to a real number.

5. LEARNING AGENTS

Agents with the capability of learning from their previous experience are learning agents. They start to act with their basic knowledge and then through learning they can
act and adapt automatically. Learning agents can learn, analyze the performance, and improve the performance. Learning agents have the following conceptual
components:

●

Learning element: Element enables learning from previous experience.

●

Critic: Provides feedback on how well the agent is doing concerning a fixed performance standard.

●

Performance element: The actions to be performed are selected.

●

Problem generator: Acts as a feedback agent that performs certain tasks such as making suggestions that will lead to new and informative experiences.

Applications of intelligent agents
In many real-life situations, intelligent agents in artificial intelligence have been applied.

Information search, retrieval, and navigation
Through the search of information using search engines, intelligent agents enhance the access and navigation of information. Intelligent agents perform the task of
searching for a specific data object on behalf of users within a short time.

Repetitive office activities
Some of the functional areas of some companies have automated to reduce operating costs include customer support and sales.

Medical diagnosis
The patient is considered as the environment computer keyboard is used as the sensor that receives data on the symptoms of the patient and the intelligent agent uses
this information to decide the best course of action. Tests and treatments are given through actuators.

Vacuum cleaning
For a vacuum cleaner, the surface to be cleaned is the environment (e.g. Room, table, carpet).Using sensors employed in vacuum cleaning (cameras, dirt detection
sensors, etc.)Senses the environment condition. Actuators such as brushes, wheels, and vacuum extractors are used to perform actions.

Autonomous driving
In autonomous driving cameras, GPS, and radar are employed as sensors to collect information. Pedestrians, other vehicles, roads, or road signs are the environment.
Various actuators like brakes are used to initiate actions.
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AI - Agent Environment

 Why an agent environment is important?

In this Artificial intelligence tutorial, we are aiming to understand what an agent environment is and how significant is the agent environment in AI. Also will discuss

 Types of environment

various types of agent environments in AI.

 How will an agent interact with the environment?

Related Tutorials
The term "environment '' is quite well known to everyone. As per definition from oxford dictionary: "environment is the surroundings or conditions in which a person,

animal, or plant lives or operates." But when it comes to computing, it is the surrounding where a computing device works or operates. In the context of Artificial
AI - Turing Test

VIEW ALL

Agents in Artificial Intelligence

intelligence, an Environment is simply the surrounding of an agent and is where the agent operates. To know more about agents please visit our previous tutorial- Agents
Informed Searching Algorithms

in AI.
AI - Alternatives to the Turing Test

Now, let's consider a real-life example of driving a car on the road. Can you guess who will be the agent and environment? Yes, Agen will be the car and the environment
AI - Problem Solving
AI - Algorithms

will be the road. The driver is the one who senses all alerts and operates the car in a dangerous environment to get the desired output - safe driving.

Types of artificial intelligence

Agent environment in AI

Similarly in AI, we have an environment that contains an agent, a sensor, and an actuator.

AI - Searching Algorithms
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The above figure shows the simplest diagrammatic representation of an agent environment interaction. The agent is within the environment. There are sensors to sense
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the environment and they provide sensory inputs to the agent. The agent then takes actions for the respective inputs and provides the output back to the environment.
For AI, The problem which is to be solved itself creates a great challenge. Understanding the given problem itself is a challenging task for AI. And apart from reasoning,
the most challenging aspect of an AI problem is the environment.
Agent and Environment can be said as two hooks where AI is hanging. Or more simply the environment is considered as the problem then the agent is the solution for the
problem or ‘agent’ is the game played on the ground ‘environment’.

Example for agents and their environments in AI

Join Us
Contact mail...

Some examples for agents and their environments are shown above for a clear understanding. For a given task of driving, the vehicle is the agent and the road is the
environment to drive on. The sensor devices like cameras, radar, lidar, etc will collect information about the road like the presence of pedestrians, the number of other
vehicles present on the road about the traffic signal, etc. The vehicle will then act concerning that information like whether the brake pedal or the accelerator pedal has to
be pushed or have to take a turn etc.
If a machine is an agent then its working place is its environment. If we consider a Cooling System as the agent then the industry it works for is the environment. The
coolant temperature sensor will then collect information and the machine will act upon that information.

Why an agent environment is important?
AI can also be called the study of rational agents and their environments. From this statement itself, it is clear how important an agent and agent environment is for AI.
The working of an AI system can be stated in the least words. Through different types of sensors, the agent will sense the environment and through actuators, the agent
will act on their environment. The structure of an agent environment will affect the entire AI system itself.
Agents do not have full control over their environment but have partial control. This means the environment is influenced by the agent. But the agent’s performance is
directly influenced by the changes in the environment. I.e. an agent performing the same task in two different environments will result entirely in two different outcomes.
An agent is preprogrammed with a set of abilities that it can apply in different situations it may face in its environment. These preprogrammed abilities are called
effectoric capabilities. The sensors of the agents are strictly influenced by the environment. The agent uses its effectoric capabilities and the information from the sensor
to perform decision making. Every action is not suited for every situation. The precondition must be suitable to perform the particular task. For example, the agent has to
open a door and it can do so. But it can be performed only if the door is unlocked (precondition). So, deciding the action to perform at a given instance to achieve the goal
or at least work towards it is the biggest problem of an agent in an environment. The properties of an environment directly affect the complexity in the process of
decision-making.

Types of environment
The agent environment in artificial Intelligence is classified into different types. The environment is categorized based on how the agent is dealing with it.
Classification is as follows:
1

Fully observable & Partially observable

2

Static & Dynamic

3

Discrete & Continuous

4

Deterministic & Stochastic

5

Single-agent & Multi-agent

6

Episodic & Sequential

7

Known & Unknown

8

Accessible & Inaccessible

1. FULLY OBSERVABLE & PARTIALLY OBSERVABLE
As with the name itself the environment of the agent is observed all the time. At each point in time, the complete state of the environment is sensed or accessed by the
sensor. This type of completely observed environment is called fully observable and else if it is not sensed or observed continuously with varying time then it is partially
observable. An environment that is not at all observed or accessed by any sensor for any time is called an unobservable environment. Since it doesn't need to have a
track over the world, a fully observable environment is more convenient.

In real life, Chess is an example of fully observable because each player of the chess game gets to see the whole board. Another example of a fully observable
environment is the road, While driving a car on the road (environment ), the driver (agent) can see all the traffic signals, conditions, and pedestrians on the road at a given
time and drive accordingly.

A card game can be considered as an example of a partially observable. Here some of the cards are discarded into a pile face down. The user is only able to see his
cards. The used cards, cards reserved for the future, are not visible to the user.

2. STATIC AND DYNAMIC
An environment that remains always unchanged by the action of the agent is called a static environment. A static environment is the simplest one which is easy to deal
with since the agent doesn’t need to keep track of the world during an action. But an environment is said to be dynamic if it changes by the action of the agent. A dynamic
environment keeps constantly changing. An environment that keeps constant with time and the performance score of the agent will change with time is called a semidynamic environment.
The crossword puzzle can be considered as an example of a Static environment since the problem in the crossword puzzle is set paused at the beginning Crossword
puzzle, the environment remains constant and the environment doesn't expand or shrink it remains the same.
For a Dynamic environment, we can consider a roller coaster ride as an example. The environment keeps changing for every instant as it is set in motion. The height,
mass, velocity, different energies(kinetic, potential), centripetal force, etc will vary from time to time.

3.DISCRETE & CONTINUOUS
An environment with a finite number of possibilities is called a discrete environment. For a discrete environment, there is a finite number of actions or percepts to be
performed to reach the final goal. For a continuous environment, the number of percepts remains unknown and continuous.
In a chess game, the possible movements for each piece are finite. Like the king can move only one square in any direction until that square is not attacked by an
opponent piece. So the possible movements for the particular piece are fixed and it can be considered as an example for a Discrete environment But the number of
movements will vary for each game.
Self-driving cars are an example of a continuous environment. The surroundings change over time, traffic rush, speed of other vehicles on the road, etc will vary
continuously over time.

4. DETERMINISTIC AND STOCHASTIC
An environment that ignores uncertainty is called a deterministic environment. For a deterministic environment, the upcoming condition or state can be determined by
the present condition or state of the environment and the present action of the agent or the action selected by the agent. An environment with a random nature is called
a stochastic environment. The upcoming state cannot be determined by the current state or by the agent. Most of the real-world Ai applications are classified under
stochastic type. An environment is stochastic only if it is partially observable.
For each piece on the chessboard, the present position of them can set the next coming action. There is no case of uncertainty. Which all steps can be taken by a piece
from the present position can be determined and so, it can be grouped under a deterministic environment.
But for a self-driving car, the coming actions can’t be determined in the present state because the environment is varying continuously. Maybe the car has to push the
brake or maybe push the accelerator fully depending on the environment at that time. actions cannot be determined and is an example of a stochastic environment.

5. SINGLE-AGENT vs MULTI-AGENT
An environment that consists of only a single agent is called a single-agent environment. All the operations over the environment are performed and controlled by this
agent only. If the environment consists of more than one agent or multiple agents for conducting the operations, then such an environment is called a multiple agent
environment.
In a vacuum cleaning environment, the vacuum cleaner is the only agent involved in the environment. And it can be considered as an example of a single-agent
environment.
Multi-Agent Systems, computer-based environments with multiple interacting agents are the best example of a multi-agent environment. Computer games are the
common MAS application. Biological agents, Robotic agents, computational agents, software agents, etc are some of the agents sharing the environment in a computer
game.

6.EPISODIC & SEQUENTIAL
An environment with a series of actions where the current action of an agent will not make any influence on future action. It is also called the non-sequential
environment/Episodic environment. Sequential or non-episodic environments are where the current action of the agent will affect the future action.
For a classification task, the agent will receive the information from the environment concerning the time, and actions are performed only on those pieces of information.
The current action doesn't have any influence on the future one, so it can be grouped under an episodic environment.
But for a chess game, the current action of a particular piece can influence the future action. If the coin takes a step forward now, the next coming actions depend on this
action where to move. And it is sequential.

7.KNOWN & UNKNOWN
Known & unknown is an agent’s state rather than the property of an environment. If all the possible results of all the actions are known to the agent then it is a known
environment. And if the agent is not aware of the result of the actions and it needs to learn about the environment to make decisions, it is called an unknown
environment.

8.ACCESSIBLE & INACCESSIBLE
If the sensors of the agent can have complete access to the state of the environment or the agent can access complete information about the environmental state then
it is called an accessible environment. Else it is inaccessible or the agent doesn’t have complete access to the environmental state.
Task Environment
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Determines

Sequential
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Single

Taxi driving
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Dynamic
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Multi

Medical Diagnosis

Partially

Stochastic

Sequential

Dynamic

Con

Single

Image Analysis

Fully

Deterministic

Episodic

Semi

Con

Single

How will an agent interact with the environment?
Interaction between the agent and the environment is a time concerning the procedure. For each time step, the agent collects information about the representation of
the environment state. Based on this information the agent will select an action from the available actions for that state. After a time step later the agent will receive a
numerical reward as a result of the particular action and set itself into a new state. This interaction is a continuous process, the action is selected by the agent and the
environment will respond to those actions and present new situations to the agent.

A typical learning structure of AI is shown above.
Learning techniques are used to solve the given task by AI. The diagram explains how the agent interacts with the environment. As the agent acts, the state of the
environment gets changed and lets the agent know about the change and also receives a reward. This is continuous till the goal.
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For a given machine, how can we test for its intelligence or how can we say that the machine is intelligent or not? Turing test is the first test proposed to determine
whether a machine is intelligent or not. In 1950 an English mathematician called Alan Turing proposed a test called the imitation game, to test how to extend did a

Related Tutorials

machine can imitate like a human or to calculate the machine’s ability to exhibit human-like intelligent behavior. This testing method is called the Turing test.

VIEW ALL

AI - Problem Solving
AI - Algorithms

Alternatives to the Turing Test

What is the Turing test?

Searching Algorithms in AI

AI - Searching Algorithms

Turing test is a method used to test whether a machine can act or think like a human or not. the test agrees a computer to be intelligent only if it can mimic like a human
AI - Informed Searching Algorithms

under specific conditions. The result of this test is the answer to the question “CAN MACHINE THINK?”. The English mathematician, computer scientist, cryptanalyst, and
theoretical biologist Mr. Alan Turing was the one who was behind this proposal, and hence the test was named as Turing test.

Informed Searching Algorithms

Agents in Artificial Intelligence

The test requires three players or terminals. Each of them is completely hidden or separated from the others. One of them is a computer or operated by a computer. The
other two are humans or operated by humans.
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During the test one among the humans acts as a questioner and the other one and the computer act as the respondents. The questioner will ask questions to the
respondents about any specific area in a specified format. After a fixed time or a fixed number of questions, the questioner must differentiate the computer from the
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human.
The test will repeat for many times. If the questioner cannot differentiate the machine from the human in half the time, the machine is said to be won the test and can be
said that the computer is considered to have artificial intelligence. The result of the test depends on how extended the machine can answer as a human would give.

HISTORY
Alan Turing, the great English computer scientist who is also considered as one of the fathers of AI and also a pioneer of machine learning is the man behind this concept.
He introduced the test in his paper called “Computing Machinery and Intelligence” in 1950.

Through this test, Turing tried to answer the question “can machines think?” in an indirect way. He first rearranges the question itself to “can a machine imitate a person?”
Turing proposed a game called imitation game with no involvement of any AI. He conducted the game with three human participants in three different rooms and they
Join Us

are connected through the keyboard and screen. There are 2 males and 1 female in this game as participants. Player B (female) tries to convince player C (judge, male)
that she is a male. C tries to discover who is male and who is female by asking questions.

Contact mail...

An illustration of the imitation game is shown above. A – Male, B – female, C –male (judge) are placed in three separate rooms. Only C can interact with A and B through
a keyboard.

How did the test do?
After his imitation game Turing put forward a question “can machines think? Or are there any digital computers which will pass the imitation game?” The imitation game
is played by replacing one human player with a computer.

Consider the above figure. Here there are three players. Player A, Player B, and Player C. Player A is a computer, player B is a human responder and C is a human
questioner or interrogator. Here three of them are isolated from each other. The interrogator knows that one among the players is a computer and the other is a human.
But the interrogator needs to determine which one is the machine and which one is the human based on the questions asked and the answers replied. Here the
interaction between players is through keyboards and screens. The computer or player A is allowed to do anything possible to cheat player C (interrogator). The final
result of the tests depends on how closely player A responds like a human.
The interaction between the players would be like this:
Player C: Are you a computer?
Player A: No.
Player B: No
Player C: Multiply 18765439*8749049
Player A: After a while, an incorrect answer
Player B: incorrect answer after a long time.
Player C: Add 524310, 34521
Player A: pause about x seconds and then give an answer 558831.
Player B: pause about Y seconds and then answer 558831
Player A would be considered intelligent only if its conversation couldn't be easily distinguished from player B by player C.

Importance of Turing Test in AI
Turing tests can’t be considered as a relevant method for evaluating an AI system. But it must be noted that the Turing test was proposed in the year 1950, 6 years before
the notion of AI does not exist. Yet Turing was already thinking about the question can machine think? He is the one who described the framework to determine the
machine’s intelligence. Till the Turing test is remaining elusive for AI systems. No AI has passed the Turing test. ELIZA and PARRY had come close to passing. Eugene
Goostman, a computer programmer, is the first AI to pass the test. Turing test can be used to judge the conversational skills of a bot. The Turing test gives plenty to think
about in terms of how to define intelligent behavior and what would we want from an intelligent robot.

Limitations of Turing Test
1

Mistakes are encouraged.- According to the Turing test, mistakes are necessary for machines. That is the aim of the machine is to keep its identity
hidden from the interrogator so it must make mistakes. For example, if the interrogator asks to multiply 2 large numbers, the machine is forced to give a
wrong answer even if it knows the correct answer.

2

A ramp of intelligence is not provided - the Turing Test provides only two conditions for the machine, whether the machine is intelligent or not. It doesn't
encourage defining the level of intelligence

3

Machine intelligence is not tested - During this test, the machine intelligence is not tested. It only tests whether the machine can behave like a human.
Human behavior and intelligent behavior are not the same in all senses. Turing test requires the machine to execute some unintelligent human behavior,
for example, the temptation to lie. If the machine failed to imitate such type of unintelligent behavior then it fails the test. And also the test doesn't
consider the ability to handle difficult problems as an intelligent measurement. If the machine could do more intelligent work than a human can then it
fails the test and is not considered as intelligent. This in turn results in an unintelligent machine passing the test and an intelligent machine failing the
test.

Turing test has both proven to be both influential and also widely criticized with serious flaws as discussed above. Anyways it has become a very important concept in
the philosophy of AI.
The argument presented by the philosopher John Searle in 1980 called the Chinese room argument and is a thought experiment is one of the main criticisms against the
Turing test. It holds that a digital computer cannot have a mind regardless of how intelligently the programs make the computer react or a system can be intelligent
without being intelligent actually. Similar arguments were presented by other experts also.

Variations of the Turing test
There are numerous versions of the Turing test that have been raised. Some of them are:

Reverse Turing test
As like the name it is a reverse procedure. A modified Turing test where one or more of the roles have been reversed between humans and machines. This modified
method
can overcome most of the objections of the standard version. CAPTCHA is an example of a reverse Turing test. The user is presented with some alphanumeric
characters in a distorted graphic image and asked the user to type those characters before allowing the user to perform some action on a website. This method is used
to prevent abuse of sites by automated systems. Any system that can do it correctly will be human because such software that can read and reproduce such distorted
images does not exist.

Subject matter expert Turing test.
The subject matter Turing test also called the “Feigenbaum test” is another variation of the Turing Test proposed by Edward Feigenbaum. Here the computer attempts to
replicate an expert in a specific field like accounting or marketing.

“Low-level” cognition test
The low-level or the unconscious process of human cognition is revealed through questions. The interrogator can easily unmask a computer through these types of
questions unless the computer experiences the world as humans do. This was introduced by Robert French.

Total Turing test
The cognitive scientist Stevan Harnad adds two more requirements to the traditional Turing test. In addition to linguistic interrogation, it involves visual abilities and
physical interaction. This modified version is called the Total Turing test.

Minimum intelligent signal test
As the maximum abstraction of the traditional Turing test, Chris McKinstry proposed a version with only binary responses permitted. The focus is only on the capacity for
thought.

Share This
 Facebook

 Tweet

 Mail

 Watsapp

 Previous

Next 

Tutorials

Programs

Company

Prepare & Practice

Python

Python Programs

learnetutorials2021@gmail.com

Online Quiz

C

C Programs

Blog

Online Compiler

Java

Java Programs

Privacy Policy

Online Test

Machine Learning

R Programs

R

PHP Programs

PHP

GO Programs

GO

HTML Programs

Artificial Intelligence

C++ Programs

Interview Questions

HTML
Cyber Security
C++
Data Science
© 2020 Learn eTutorials. All rights reserved.











SU BSCRIBE

Home

Tutorials

Programs

Blog

Prepare & Practice



Learn Artificial Intelligence
Online Quiz

Online Test

 Tutorials

AI - Intelligent system

 Interview Questions

 Home / Artificial Intelligence / Alternatives to the Turing Test

AI - Types of Artificial Intelligence
 Previous

AI - Agents
AI - Agent Environment

Alternatives to the Turing Test

AI - Turing Test
AI - Alternatives to the Turing Test

 Winograd schema challenge
 The Marcus Test

As we know the Turing test has so many weaknesses. The machines that pass the Turing test display tricks rather than bona fide intelligence. And that’s not Turing’s
intention. So several thinkers put forward some ideas on how to improve or replace the Turing test. Let us discuss some of the alternative methods.

Related Tutorials

Winograd schema challenge

Informed Searching Algorithms

A professor of Computer Science at the University of Toronto Mr. Hector Levesque introduced a superior alternative to the Turing test called Winograd Schema

Problem Solving in AI

 The Lovelace Test 2.0
 The Construction Challenge
 Visual Turing Test

Challenge(WSC). This test was named after the computer Scientist Terry Winograd. The test was introduced as a remedy for the major flaw of the Turing test that

 Digital dissection

machines can easily pass the test with tricks rather than true intelligence. The performance of the chatbot named Eugene Goostman exposes some of the flaws of the

 Coffee Test

Turing test and Levesque evaluated those problems and summarized them as

 Robot college student Test
 Employment Test

Introduction to Artificial Intelligence

Searching Algorithms in AI

●

Deception or trickery- The machine is forced to exhibit a false identity to pass the test

●

Conversation- A lot of interaction without intelligent reasoning

●

OtherTutorials

The key factor of this method that differentiates it from the Turing test is the special format of the question. It is a test with multiple-choice questions in a specific format.

AI - Searching Algorithms
AI - Informed Searching Algorithms

VIEW ALL

Evaluation- Judges may sometimes disagree with the results.

AI - Problem Solving
AI - Algorithms
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Levesque argued that a machine must have to use knowledge and commonsense reasoning to pass this test and be announced as intelligent. The test aimed to test the
ability to understand the deeper meaning of ambiguous sentences.
Let's have an example:
Question- The shirt would not fit Mr.X because the shirt was too big(small). What was too big(small)?
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Answer 0: The shirt
Answer 1: Mr.X
If the question is posed with the word “big” the answer is “0: The shirt”. If the question is posed with the word ”small” then the answer is “1: Mr.X”.
The above question is pretty simple for a human but for a computer it must know the size of objects, interpersonal reasoning, and some common sense to answer this
question.
Advantages:

●

Commonsense reasoning and knowledge are required

●

No need for a human interrogator

●

Can be used to test reasoning ability

The main difficulty with the Winograd Schema Challenge is that the questions must be developed carefully to ensure the requirement of commonsense reasoning to
answer.

The Marcus Test

Join Us

Gary Marcus, NYU cognitive scientist argued that the winner of the Turing test isn’t genuinely intelligent. The current format of the Turing test is hardly criticized by
Marcus. He recently developed a workshop on the importance of “Thinking beyond the Turing test.” Many experts are chained together with some interesting ideas.
Marcus himself devised an alternative and that’s what we called Marcus Test. Marcus said that Goostman and ELIZA mainly rely on pattern recognition; they don’t have
any genuine understanding. From his experience of two decades as a cognitive scientist, he proposes a Turing test for the twenty-first century. He suggested creating a
computer program that can watch any TV program or any youtube video and answer questions based on the contents of the watched program. Goostman can only hold
those types of questions for a short period and that is only through faking. Marcus argued that there is no program existing that can come close to the action that any
bright teenager can do.
His idea is, If a computer can detect and understand humor, mockery and can explain it in a meaningful way, then there is some cogitation ability for the computer.

The Lovelace Test 2.0

Ada Lovelace

The test was proposed by Selmer Bringsjord and colleagues in 2001 as a remedy to overcome the major flaw of the Turing Test. The test was based on creativity. The
name was given after as an honor to the lady Ada Lovelace who is considered as the first computer programmer. The test is to check whether an artificial agent could
create some output in a way that the developer cannot even explain. To pass the Lovelace Test, the artificial agent (a) programmed by a human programmer (h) would
have to generate an output (o) that the human programmer himself can’t explain.
To pass the test, The artificial agent has to create a memento from the genres considered to require some human-level intelligence. The memento created must
compromise certain criteria given by a human evaluator. The human evaluator has to determine whether the memento is a valid representation of the genres with the
demanded criteria. The evaluator also has to ensure that the demanded criteria and the genres are not an impossible standard.
The test was recently upgraded by Georgia Tech professor Mark Riedl

The Construction Challenge
The main flaw of the Turing Test is that it focuses only on verbal behavior. To overcome this fault, Charlie Ortiz came up with an effort to create a physically incorporated
version of the Turing Test formerly known as the Ikea Challenge. Ortiz included two main elements of intelligent behavior: perception and physical action to be tested.
In the construction challenge, there will be a competition among the robots that can build physical structures like furniture. To do this, the robot has to process the verbal
instructions about the model to be constructed, handle physical components to create the aimed model, recognize the structure in every stage of construction to answer
questions or provide explanations. On the other hand, the same model is constructed using human agents. There is a track to investigate the grasping of commonsense
knowledge about physical models.

Visual Turing Test
Michael Barclay and Antony Galton have developed a test to test the machine’s visual ability.

Look at the picture. What are the things that the bee met on the way to its home?

●

Pee, Tree, Key, Tea***

●

Pee, Tree, Key, Cup

A simple question was asked to both humans and the software. “What are the things that the bee met on the way to its home?” The given multiple choices are all correct
technically. Some people might choose “Pee, Tree, Key, Tea”, while others will choose “Pee, Tree, Key, Cup”. But when relaying the words that rhyme with bee, not both of
the options are useful. Making the correct choice requires several hints and judgments including the relative sounds, flow, and relevance in a particular situation. Humans
can handle it more correctly but machines fail.
This kind of human intelligence on the visual description is selected by Barclay and his colleagues to evaluate a machine’s intelligence. This inspired the creation of
devices that can interact with the surroundings like humans.

Digital dissection
To prove that a machine is intelligent we need more than behavioral tests. We need to prove that the machine possesses some machine equivalent of a human brain. For
achieving this we have to identify the machine equivalents of the Neural Correlates of Consciousness (NCC). NCCs in the human brain remains a mystery to
neuroscientists. As an alternative to the Turing Test, this idea is now kept aside but it is a potential pathway towards the development of an artificial brain and artificial
Artificial Consciousness.

Coffee test
The AI researcher Ben Goertzel put forward an interesting testing method called the coffee test. As a part of the test, the AI application has to go to any kitchen and find
the ingredients needed to make a coffee and then have to make a super coffee. Making a cup of coffee sounds very easy but that is only for humans. But for a machine
identifying the ingredients and mixing them in the right amount is hard and it has to represent its intelligence.

Robot college student Test
As in the name itself the test is about how to enroll an AI in a college and get a degree using the resources the same as the other students enrolled for the same degree
are getting. This test was proposed by Ben Goertzel. Bina48 was the first AI to complete a college class.

Employment Test
AI researcher Nils J. Nilsson proposed an idea to replace the Turing test with an alternative testing method called the “employment test”. He aimed to go through the
most common human activity ‘jobs’. To pass this test the AI program must be able to perform jobs that are performed by humans.
All this being discussed is the possible alternatives to the Turing Test to overcome its flaws but still, some experts believe that the Turing Test itself is not with this type of
limitation it all depends on how the test is conducted and judged. If a full Turing Test is conducted properly then it can do the job as Turing predicted.
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We know the agent (see previous tutorial Agents in AI) directly maps the states into action. Whenever the state of mapping is too large and the agent fails to perform in
those environments (see the previous tutorial Task environment) then the given problem is divided into smaller tasks by the problem-solving domain and resolves these
smaller storage areas one by one. Finally, the results are integrated to get the desired outcomes. Problem-solving in AI includes various techniques like efficient

Related Tutorials

VIEW ALL

algorithms, heuristics, and performing root cause analysis to obtain desirable solutions. For a given problem in AI, there may be various solutions by different heuristics
and at the same time, there are problems with unique solutions. These all depend on the nature of the problem to be solved.

Alternatives to the Turing Test

Characteristics of problem in AI

Introduction to Artificial Intelligence

AI - Algorithms
AI - Searching Algorithms
AI - Informed Searching Algorithms

Agent environment in AI

Each problem given to an AI is with different aspects of representation and explanation. The given problem has to be analyzed along with several dimensions to choose
the most acceptable method to solve. Some of the key features of a problem are listed below.

●

Can the problem decompose into subproblems?

●

Can any of the solution steps be ignored?

●

Is the given problem universally predictable?

Types of artificial intelligence

OtherTutorials

●

Can we select a good solution for the given problem without comparing it to all the possible solutions?

●

Whether the desired output is a state of the world or a path to a state?

●

Did the problem require a large amount of knowledge to solve?

●

Does it require any interaction with computers and humans?

The above-listed characteristics of a problem are called 7-problem characteristics. The solution for the given problem must take place under these characteristics.
Problems in AI can basically be divided into two types. Toy Problems and Real-World Problems.

Toy Problem:
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It can also be called a puzzle-like problem which can be used as a way to explain a more general problem-solving technique. For testing and demonstrating
methodologies, or to compare the performance of different algorithms, Toy problems can be used. Toy problems are often useful in providing divination about specific
phenomena in complicated problems. Large complicated problems are divided into many smaller toy problems that can be understood in detail easily. Sliding-block
puzzles, N-Queens problem, Tower of Hanoi are some examples.

Real-World Problem:
As with the name, it is a problem based on the real world. Real-world problems require a solution. It doesn't depend on descriptions, but with a general formulation.
Online shopping, Fraud detection, Medical diagnosis are some examples of real-world problems in AI.

Steps performed in problem-solving
Join Us
Contact mail...

●

Goal formulation: The first step in problem-solving is to identify the problem. It involves selecting the steps to formulate the perfect goal out of multiple goals

and selecting actions to achieve the goal.

●

Problem formulation: The most important step in problem-solving is choosing the action to be taken to achieve the goal formulated.

●

Initial State: The starting state of the agent towards the goal.

●

Actions: The list of the possible actions available to the agent.

●

Transition Model: What each action does is described.

●

Goal Test: The given state is tested whether it is a goal state.

●

Path cost: A numeric cost to each path that follows the goal is assigned. It reflects its performance. Solution with the lowest path cost is the optimal solution.

Example for the problem-solving procedure
Eight queens puzzle

The problem here is to place eight chess queens on an 8*8 chessboard in a way that no queens will threaten the other. If two queens will come in the same row, column,
or diagonal one will attack another.
Consider the Incremental formulation for this problem: It starts from an empty state and the operator expands a queen at each step.
Following are the steps involved in this formulation:

●

States: Arranging 0 to 8 queens on the chessboard.

●

Initial State: An empty chessboard

●

Actions: Adding a queen to any of the empty boxes on the chessboard.

●

Transition model: Returns the new state of the chessboard with the queen added in a box.

●

Goal test: Checks whether 8-queens are kept on the chessboard without any possibility of attack.

●

Path cost: Path costs are neglected because only final states are counted.

Problem-solving methods in Artificial Intelligence
Let us discuss the techniques like Heuristics, Algorithms, Root cause analysis used by AI as problem-solving methods to find a desirable solution for the given problem.

1. ALGORITHMS
A problem-solving algorithm can be said as a procedure that is guaranteed to solve if its steps are strictly followed.
Let's have a simple example to get to know what it means:
A person wants to find a book on display among the vast collections of the library. He does not know where the book is kept. By tracing a sequential examination of every
book displayed in every rack of the library, the person will eventually find the book. But the approach will consume a considerable amount of time. Thus an algorithmic
approach will succeed but are often slow.

Types of AI Algorithms
●

Regression Algorithms.

●

Instance-Based Algorithms.

●

Decision Tree Algorithms.

●

Clustering Algorithms.

●

Association Rule Learning Algorithms.

●

Artificial Neural Network Algorithms.

●

Deep Learning Algorithms.

●

Search Algorithms

2. HEURISTICS.
A problem-solving heuristic can be said as an informal, ideational, impulsive procedure that leads to the desired solution in some cases only. The fact is that the outcome
of a heuristic operation is unpredictable. Using a heuristic approach may be more or less effective than using an algorithm.
Consider the same example discussed above. If he had an idea of where to look for the book, a great deal of time could be saved. This can be said as searching
heuristically. But if one happens to be wrong on the first trial, He has to try another heuristic.
The frequently used problem-solving heuristics are
WORKING FORWARD
It is a forward approach problem-solving solution. In this method, the problem is solved from the beginning itself and working to the end.
WORKING BACKWARD
It is a backward approach problem-solving solution. Here the problem is solved from the endpoint or goal to steps that led to the goal.
MEANS-ENDS ANALYSIS.
A problem-solving technique where a mixture of the above two directions. This method is appropriate for solving complex and large problems. MEA is a strategy to
control the searching procedure in problem-solving. It is centered on evaluating the difference between the current state and the goal state. First, the difference between
the initial state and the final state is calculated. Then select various operators for each difference. The application of these operators will reduce the difference between
the current state and the goal state.
GENERATE-AND-TEST.
The Generate-and-test method is a problem-solving heuristics that involve an alternate set of actions in a random method. Each alternate method is to check whether it
will solve the problem. It ensures that the selected best possible solution is checked against the generated possible solutions.

Difference between algorithm and heuristics
Algorithm

Heuristics

An automated solution to a problem

Arbitrary choices or educated guesses

Deterministic and proven to grant an optimal result

No proof of correctness, may not grant optimal results.

Containing a finite set of instructions to solve a problem.

Applied to improve the running time of algorithms.

The terms heuristics and algorithms overlap somewhat in AI. A heuristic may be a subroutine that can be used to determine where to look first for an optimal algorithm.
Heuristic algorithms can be listed under the categories of algorithms. In a sense of heuristics are algorithms, heuristic makes a guessing approach to solve the problem,
granting a good enough answer rather than finding the best possible outcome. The level of indirection is the main difference between the two.

3. Root Cause Analysis
Like the name itself, it is the process of identifying the root cause of the problem. The root cause of the problem is analyzed to identify the appropriate solutions. A
collection of principles, techniques, and methodologies are used to identify the root causes of a problem. RCA can identify an issue in the first place.
The first goal of RCA is to identify the root cause of the problem. The second goal is to understand how to fix the underlying issues within the root cause. The third goal is
to prevent future issues or to repeat the success.
The core principles of RCA are:

●

Focus on correcting the root causes.

●

Treating symptoms for short-term relief.

●

There can be multiple root causes.

●

Focus on HOW? and WHY?

●

Root cause claims are kept back up with concrete cause-effect.

●

Provides information to get a corrective course of action.

●

Analyze how to avoid a root cause in the future.

Share This
 Facebook

 Tweet

 Mail

 Watsapp

Tutorials

Programs

Company

Prepare & Practice

Python

Python Programs

learnetutorials2021@gmail.com

Online Quiz

C

C Programs

Blog

Online Compiler

Java

Java Programs

Privacy Policy

Online Test

Machine Learning

R Programs

R

PHP Programs

PHP

GO Programs

GO

HTML Programs

Artificial Intelligence

C++ Programs

Interview Questions

HTML
Cyber Security
C++
Data Science
© 2020 Learn eTutorials. All rights reserved.











SU BSCRIBE

Home

Tutorials

Programs

Blog

Prepare & Practice



Learn Artificial Intelligence
Online Quiz

Online Test

 Tutorials

AI - Introduction

 Interview Questions

 Home / Artificial Intelligence / Artificial Intelligence Algorithm

AI - Intelligent system
Next 

AI - Types of Artificial Intelligence
AI - Agents

Artificial Intelligence Algorithm

AI - Agent Environment
AI - Turing Test
AI - Alternatives to the Turing Test
AI - Problem Solving

In our previous topic, we discussed the problem-solving task of AI. The algorithm is one of the main techniques of problem-solving. There are many types of algorithms in
AI. Among them, some of the main categories can be discussed here.

Related Tutorials
An algorithm can be defined as a place where to start the programming process and an AI algorithm can be defined as an extended subset of machine learning that
advises the computer to learn to operate its own. Artificial intelligence algorithms have been used to solve millions of problems so it is hard to list every single algorithm.

AI - Algorithms

Introduction to Artificial Intelligence

So, let’s discuss the three main categories of artificial intelligence algorithms.
Artificial Intelligence Algorithm

AI - Searching Algorithms
AI - Informed Searching Algorithms

VIEW ALL

Classification Algorithm

Searching Algorithms in AI

The technique of Categorizing data into classes is called classification. The main goal of classifying problems is to determine the category under which the problem falls.

Intelligent system

In AI, algorithms called classification algorithms are used to identify the category of the given dataset and these types of algorithms are used to predict the output for the
decisive data. A classification algorithm is a supervised learning technique where the program learns from the observations and then classifies new observations into
several groups. The classification process helps to segregate large quantities of data into separate values like 0/1, True/False. These algorithms are mainly used to
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predict the output of categorical data. Similarities of patterns like similar words, number sequence,s, etc can be found using this method.
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Most widely–used classification algorithms:

1. LOGISTIC REGRESSION
As it sounds like regression, it is used to classify samples and falls under the classification algorithm. The concept of predictive modeling as regression is used by this
model. In logistic regression, Categorical dependent variables are predicted using a set of independent variables. The outcome of this algorithm is probabilistic values
that come between 0 and 1. It can classify new data using discrete datasets. It is significant since it provides probabilities.

2. NAIVE BAYES

Join Us

This algorithm is based on Baye’s theorem. It is the simplest solution but is powerful. This algorithm can be used for both binary and multiclass classification based on
historical results. The accuracy of this algorithm depends on the strong assumptions. Baye’s theorem can be used to determine the impacts of the occurrence of an
event on the probability of another event.

3. K-NEAREST NEIGHBORS
It is one of the simplest classification algorithms. KNN simply stores the occurrence of the training data rather than constructing a general internal model. Classification is
based on the majority vote of K nearest neighbors of each point. After computing the distance between the given query and all the available examples in the data, a
limited number of examples that are closest to the given query are selected. This number is represented by the letter K in the KNN algorithm. Then the most frequent
label is voted. This is a simple description of the working of KNN. This can be grouped under for both classification and regression.

4. DECISION TREE
The decision tree method can be said as the most instinctive way to visualize a decision-making process. A decision will produce a sequence of rules that can be used to
classify the given data. It builds classification models in the form of a tree structure. The given dataset is divided into smaller and smaller subsets. And the final result will
be a tree structure with decision nodes and leaf nodes. The method starts from the root of the tree to predict the class of the given input. There are two types of decision
trees based on the nature of the target variable

●

Categorical Variable Decision Tree

●

Continuous Variable Decision Tree

One of the main problems with Decision Tree is that it may lead to overfitting

5. RANDOM FOREST
It uses several decision trees on various subsamples of datasets. For combatting overfitting and to improve the predictive accuracy, the method takes the average result
as the model’s prediction. With the accuracy of the results, it can be used to solve complex problems. The implementation of this method is somehow difficult and also
requires more time to form a prediction.

6. SUPPORT VECTOR MACHINE
To classify the data points, the Support vector machine uses a hyperplane in an N-dimensional space. The number of features is represented using N here. N can be any
number but with a larger number, it is harder to implement a model. If N=2 then we can assume the hyper line as a line that separates the tags. This line can be
considered as the decision boundary. Anything that falls on different sides of the hyperplane is assigned to different classes.

Advantages and disadvantages of different classification algorithms

ALGORITHM

ADVANTAGES

Logistic Regression

●

DISADVANTAGES

The influence of several

independent variables on a single
outcome variable can be calculated.

Naïve Bayes

●

A small amount of training data is

●

Works only for predicted binary variables

●

Missing values of data are neglected.

●

The dependency of predictors are neglected

●

Bad estimator

required.

●

Extremely fast in comparison with

others

K-Nearest Neighbors

●

Simplicity of implementation

●

High computational cost

●

Effective with large training data

●

The distance of each instance is to be computed with all

the training samples.

Decision Tree

●

Low data preparation

●

Unstable

●

Numerical and categorical data

●

Poor generalization with complex trees

can be handle

Random Forest

Support Vector Machine

●

Simple to understand and visualize

●

More accurate

●

Complexity for implementation

●

Reduce over-fitting

●

Complex algorithm

●

Slow prediction

●

Probability estimates are not directly provided

●

Memory efficient

●

Effective in high dimensional

spaces

Application of classification algorithm
●

Email Spam Detection

●

Drugs Classification

●

Speech Recognition

●

Biometric Identification

●

Detection of Cancer tumor cells.

Clustering Algorithm
The process of dividing the data points into several groups is called clustering. The data points in each group are similar to each other and dissimilar to the data points in
other groups. Similar items are grouped. The most common clustering algorithms are:

1. K-means clustering
This is the simplest learning method. In AI, K-Means groups data into clusters to study the similarities. The data points are grouped into K numbers of clusters. For each
cluster, a centroid is calculated and then the distance between the centroid of the cluster and the data point is evaluated.

2. Fuzzy c-means algorithm
Probability is the basic working principle of FCM. This method is called fuzzy because it doesn’t assign any absolute membership to any data point over any particular
cluster. Each data point is assigned with a probability value for belonging to any cluster.

3. Expectation-maximization algorithm
Gaussian distribution is the working principle of this method. Random values are selected for the missing data points and with those guesses, the second set of data is
estimated. These new values can be used to create a better guess for the first set and the procedure will continue until the algorithm meets a fixed point.

4. Hierarchical clustering algorithm
Similar objects are grouped into clusters in this model. The endpoints are a set of clusters where each cluster is distinct from other clusters and each cluster is with
objects which are broadly similar to each other. Two types of Hierarchical Clustering Algorithm are

●

Divisive clustering, for a top-down approach

●

Agglomerative clustering, for a bottom-up approach

Advantages and Disadvantages of clustering algorithm

Algorithm

Advantage

K-Means Algorithm

Disadvantage

●

Simple to implement

●

The value of K is to specify in advance.

●

Easily adapts to new examples

●

Not good with clusters of different sizes and different

densities.

Fuzzy C-means Algorithm

●

Membership of data points to

●

Theoretical specification of the number of clusters.

clusters is measured as degrees

Expectation-Maximization Algorithm

●

Easiness of implementation.

●

Slow convergence

●

Each iteration will increase the

●

Probabilities of both forward and backward are required

●

Previously performed activities cannot be removed

●

Time complexity.

probability.

Hierarchical Clustering Algorithm

●

Prior information about the

number of clusters is not required

●

Easy to implement

Application of Clustering Algorithm
●

Market research and customer segmentation

●

Biological data medical imaging

●

Search result clustering

●

Recommendation engine

●

Pattern recognition

●

Social network analysis

●

Image processing.

Regression Algorithm
Regression Algorithms are mainly used for predictions. Regression in AI can be defined as the mathematical approach to finding out the relationship between variables.
The output of the regression model is numeric values. The common regression algorithms are:

1. Lasso Regression
Lasso regression is a method that uses shrinkage. LASSO stands for “Least Absolute Shrinkage and Selection Operator”. By imposing limitations on data points and
shrinking some of them to zero value the algorithm obtains a subset of predictors. This subset is in a way that minimizes prediction error for a response variable.

2. Logistic Regression
The main application of this method is for binary classification. A set of variables are analyzed and predicts a categorical outcome.

3. Multiple Regression Algorithms
It takes multiple explanatory variables as inputs. It can be described as a combination of linear regression and non-linear regression algorithms. The relationship between
the dependent variable and several predictor variables can be assessed using multiple regressions.

4. Multivariate Regression
This algorithm is operated with multiple predictor variables. It is an extension of multiple regressions. This algorithm is mainly applied with retail sector product
recommendation engines.
Algorithm

Advantages

Disadvantages

Lasso regression

Simpler and more interpretable models

Not for group selection

Logistic regression

Easier to implement. Less prone to overfitting

Nonlinear problems can’t be solved. Difficult to capture complex relationships.

Multiple regression

Accurate than simple regression. Ability to

Use incomplete data and falsely conclude that a correlation is a cause.

identify anomalies.
Multivariate regression

Help us to understand the relationship among

Not suitable for smaller datasets.

variables in the data set.

Application of Regression Algorithm
●

Output predictions

●

Forecasting the data

●

Analyzing the time series

●

Finding casual effect dependencies between the variables.

Algorithms have their advantages and disadvantages in terms of their implementation, accuracy, performance, and processing time. The above are just a few algorithms
and a little about them. If you want to know more about these please visit our tutorial on machine learning.
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In AI, the universal technique for problem-solving is searching. For a given problem, it is needed to think of all possible ways to attain the existing goal state from its initial
state. Searching in AI can be defined as a process of finding the solution for a given set of problems. A searching strategy is used to specify which path is to be selected

Related Tutorials

to reach the solution.

VIEW ALL

AI - Problem Solving
AI - Algorithms

Agent environment in AI

Terminologies in Search Algorithms

Problem Solving in AI

AI - Searching Algorithms

●

Search: A step-by-step procedure to solve a given search problem. Three main factors of a search problem:

AI - Informed Searching Algorithms

Artificial Intelligence Algorithm

●

Search Space: The set of possible solutions a system may have.

●

Start state: The state where the agent starts the search.

●

Goal test: A function that monitors the current state and returns whether the goal is achieved or not.

Types of artificial intelligence

●

Search Tree: The representation of the search problem in the form of a tree. The root of the tree is the initial state of the problem.

●

Actions: The description of all actions to the agent.

●

Transition model: Used to represent the description of the action.

●

Solution: Sequence of actions that leads from the initial node to the final node.

●

Path Cost: A function that assigns a numeric cost to each path.

●

Optimal Solution: The solution with the lowest cost.

●

Problem Space: The environment in which the search takes place.

●

Depth of a problem: Length of the shortest path from the initial state to the final state.

OtherTutorials

Properties of Search Algorithms
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There are four essential properties for search algorithms to compare the efficiencies.
1

Completeness: If the algorithm guarantees to return a solution, if there exists at least one for any random input then the algorithm can be said to be
complete.

2

Optimality: If the algorithm found the best solution (lowest path cost) among the others, then that solution can be said as the optimal solution. The ability
to find the optimal solution is called optimality.

3

Time complexity: The time is taken by the algorithm to complete a task

4

Space Complexity: the required storage space at any point during the search.

Search algorithms can be classified mainly into two based on the search problems;

Join Us
Contact mail...

Uninformed Search Algorithms
The uninformed search algorithms are unaware of the domain knowledge like the closeness, the goal location. It only knows how to traverse and how to distinguish
between a leaf node and goal node and hence it is operated in a brute-force way and so it is also called brute-force algorithms. It searches every node without any prior
knowledge and is hence also called blind search algorithms.
Uninformed search algorithms can be divided into six main types:

1. BREADTH-FIRST SEARCH:
It is the most common searching strategy to traverse a tree or a graph. It uses a breadthwise searching procedure and hence it is called breadth-first search. The process
starts from the root node of the tree and expands to all the successor nodes at the first level before moving to the next level nodes. The queue data structure that works
on the First In First Out (FIFO) concept is used to implement this method. As it returns a solution (if it exists) it can be said as a complete algorithm.

The searching procedure starts from the root node A. Here the goal node is G. from node A it will traverse in an order of A-B-C-D-G. it will traverse level-wise.
Advantages

Disadvantages

●

Provides a solution if any exist.

●

●

A minimal solution with the least number of steps is provided when

saved in the memory to expand the next.

●

there exists more than one solution for a given problem.

Increased memory requirement since each level of the tree must be

Time requirement is more if the solution is far from the root node.

2. DEPTH-FIRST SEARCH:
It is a process similar to that of BFS. The searching procedure starts from the root node and follows each path to the greatest depth and then backtracks before entering
the next path. The stack data structure that works on the concept of Last In First Out (LIFO) is used to implement the procedure.
Example:

The searching procedure starts from the root node A. Here the goal node is G. From node A it will traverse in an order of A-B-D-G. it will traverse depth-wise.
Advantage

Disadvantage

●

Less space requirement because it stores nodes linearly.

●

The algorithm may go in an infinite loop.

●

The time requirement is less than BFS.

●

Possibility of re-occurrence of states.

3. DEPTH-LIMITED SEARCH:
It is much similar to a depth-first search with a predetermined limit. The main disadvantage of DFS is the infinite path, this can be solved with a Depth-limited search.
Here the node at the limit is treated like it has no successor nodes further. It can be called an extended and refined version of DFS.
Depth-limited search will terminate with two conditions.

●

Standard failure value: Indicates that the given problem doesn’t have any solution

●

Cutoff failure value: indicates that there is no solution for the given problem within the given limit.

Example :

The searching starts from node A. The limit for the procedure is set as l=2. Our goal state is node G. The process is like A-B-D-E-C-F-G.
Advantage

●

Disadvantage

Memory efficient

●

Incompleteness

●

Not optimal for problems with more than one solution.

4. UNIFORM-COST SEARCH ALGORITHM:
It is used to traverse a weighted tree or graph. It is different from both DFS and BFS. Here The cost is considered as the factor. There is more than one path to reach the
goal. The path with the least cost is selected. For traversing the path an increased order of cost is selected. If the cost is the same for each transition then it can be said
to be similar to that of BFS.
Example.

If the starting node is A and the goal to reach is G, then it will traverse A-C-G. The cost will be 3
Advantage

●

Disadvantage

●

Optimal because the least cost path is chosen.

May be stuck in an infinite loop because the path cost is only

considered.

5. ITERATIVE DEEPENING DEPTH-FIRST SEARCH:
It is a combination of both DFS and BFS. It will find the best depth limit and the limit is gradually increased until a goal is found. The algorithm performs a depth-first
search to a certain depth limit and this depth limit is increased after each iteration until the goal is reached. The fastness of BFs and the memory efficiency of DFS are
combined within this iterative deepening depth-first search. With large search space and unknown depth of the goal node, this can be more useful.
Example:

1’st Iteration------A
2’nd Iteration------A,B,C
3’rd Iteration------A,B,D,E,C,F,G
4’th Iteration------A,B,D,H,I,E,C,F,K,G
The goal node is found at the 4th iteration.

Advantage

Disadvantage

●

Fast search

●

●

Memory efficiency

Previous works are repeated.

6. BIDIRECTIONAL SEARCH ALGORITHM:
It performs two searches simultaneously. One from the starting end is called forward-search and the other from the end is called backward search. One single graph is
replaced with two small subgraphs one from the initial vertex and the other from the final vertex. The searching procedure stops when these two graphs intersect each
other. It can use search techniques such as BFS, DFS, DLS, etc.
Example:

The algorithm terminates at node I where the two sub-graphs meet.
Advantage

Disadvantage

●

Fast

●

Implementation is difficult

●

Less memory

●

The goal state must be known.
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We discussed the uninformed algorithms in our previous topic. Now another category of the searching strategy in AI is the informed search algorithms.
Informed search algorithms contain information about the goal state. This will help in more efficient searching. It contains an array of knowledge about how close is the
goal state to the present state, path cost, how to reach the goal, etc. Informed search algorithms are useful in large databases where uninformed search algorithms can’t

AI - Problem Solving
AI - Algorithms
AI - Searching Algorithms
AI - Informed Searching Algorithms

make an accurate result. Informed search algorithms are also called heuristic search since it uses the idea of heuristics.

Related Tutorials

VIEW ALL

Problem Solving in AI

The heuristic function is a function used to measure the closeness of the current state to the goal state and heuristic properties are used to find out the best possible
path to reach the goal state concerning the path cost.

Alternatives to the Turing Test

Consider an example of searching a place you want to visit on Google maps. The current location and the destination place are given to the search algorithm for
Types of artificial intelligence

calculating the accurate distance, time taken, and real-time traffic updates on that particular route. This is executed using informed search algorithms.
Informed search algorithms can be classified into 4 major types.

Informed Searching Algorithms

OtherTutorials

1. Pure Heuristic Search
It is a simple search performed based on a heuristic value denoted by h(n). It maintains two lists OPEN for new and unexpanded nodes and CLOSE for expanded nodes.
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The node with the smallest heuristic value is expanded for every iteration. And then all its child nodes are expanded and added to the closed list. A heuristic function is
then applied to the closed list and the node with the shortest path is saved and the others are dispersed. The algorithm starts with the initial state node on the open list.
Node with the minimum h(n) value on the open list is expanded at each cycle and generates its child nodes and is kept in the closed list. The heuristic function is then
applied to the child nodes and is placed on the open list based on their heuristic values.
The procedure continues until the goal state is selected for expansion.
In pure heuristic search for a given heuristic function, The simplest method used is
f(n) = h(n)
where f(n) is the cost function and h(n) is the heuristic function. For a PHS algorithm, it doesn’t guarantee to terminate with an infinite graph even if there exists a goal
node.
Example

Join Us
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Here a solution of length 4 is returned even there exists one with length 3. PHS only considers h(n), the heuristic function or the estimated cost to the goal while
expanding a node, or the cost to reach the goal node from the node n. It doesn’t consider the cost to reach node n from start state g(n)
Advantages

Disadvantages

●

Provides a quick feedback

●

●

Early feedback in the design process

For applying heuristic effectively, knowledge and experience are

required.

●

The evaluation concern more minor issues and fewer major issues.

2. Best-First Search Algorithm (Greedy Search)
As like the name best at first, is selected. It always selects the path which seems to be the best at that moment. It is a combination of both breadth-first search and
depth-first search algorithms and takes the advantage of both algorithms. It also uses the heuristic function and performs the searching procedure. It helps to choose the
most optimistic node at each step. The closest node to the goal node is expanded and the closest cost is approximated by the heuristic function.
Let us discuss with the help of traveling salesman problem.
A salesman is provided with a list of places to visit in a city. He has to find the optimum route to travel in such a way that the traveling time is reduced as much as
possible. Here he can choose between 2 or more places from his current place to go to. He has to choose the one with the least distance.
Example,

The node costs are stored in a priority queue pq.
The procedure can be like
Our source or starting node is S and the goal node is G. pq initially is with S. we remove S from pa and add the child node {A, C, B} (C is put before B because C is with less
cost).
Now A is removed and a, b is added to pq {C, B, a, b}. Remove C and add e to pq {B, e, a, b} B is removed and c, d added to pq { e, a, b, c, d} . now e is removed since our
goal has been reached

Advantages

Disadvantages

●

Advantages of both BFS and DFS are gained.

●

Not optimal.

●

More efficient than DFS and BFS.

●

May get stuck in a loop as DFS.

3. A* Tree Search
It combines the strength of both a greedy search and a uniform cost search (discussed in our previous topic). The heuristic of A* search is calculated as the summation
of heuristic cost in greedy search and uniform cost search.
F(x) = h(x) + g(x)

●

h(x) is the forward cost of a node from current state to goal state.

●

g(x) is the backward cost of a node from the initial state.

The node with shortest f(x) is selected.

Example

Here S is the initial node and G is the goal node. The numbers written on the edges(green) are the distance between the nodes and the numbers written on the nodes
(red)are the heuristic values. The procedure starts from the node S. g(x) of S = 0, h(x) of S = 5. Therefore f(x) of S = 0 + 5 = 5.
Now from S, we can go to either A or G. f(x) for each node is computed.
S to A = 1 + 3 = 4
S to G = 0+ 10 = 10.
Since the cost for S to A is less we continue with this path.
A to B = 2 + 4 = 6
A to C = 1 + 2 = 3
Here the cost for A to C is less, continue with this path.
C to D = 3 + 6 = 9
C to G = 4 + 0 = 4
The Goal is reached
We conclude that S ---A---C---G is the most cost-effective path to get from S to G.
Advantages

Disadvantages

●

Optimal and complete

●

Mostly based on heuristics and approximation

●

Best than other search algorithms.

●

Not good for various large-scale problems as it requires large memory.

●

Complex problems can be solved.

4. A*GRAPH SEARCH
In graph searching we keep a list of explored sets, to keep track of the expanded nodes so that they are not visited again. While in the case of tree search, we do not keep
this list. And the same node is visited multiple times. Thus A* tree causes wastage of time by this multiple explorations. This limitation or the drawback can be removed
or handled by using A*Graph search or simply Graph Search by adding the rule that does not expand a node more than once. A graph search can be said to be optimal
only if the forward cost between two nodes say A and B given by h(A)-h(B) is less than or equal to the backward cost between those nodes given by g(A)-g(B). And this
property of the graph searching technique is called consistency.
Example

The solution is much like the tree method; the only difference is that a track of explored nodes is maintained so that they are never re-explored.
The initial node is S from there the path will be
From S to D
F= 2(S-D)+5(D)=7
F=2+5=7
D to B----- f= 2(S-D)+1(D-B)+4(B)=7
F=2+1+4=7
B to E-------- f= 3(S-D+D-B) + 1(B – E) + 3 (E) = 7
F= 3+1+3=7
E to G -------- f= 4 (S-D = D-B + B-E) + 3(E-G) + 0(G) = 7
F=4+3=7.
S----D---B---C---E---G
Advantages

Disadvantages

?

?

Nodes are not revisited.

Memory usage is comparatively large.
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