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A branch of  Computer Science named Artificial Intelligence (AI) 

pursues creating the computers / machines as intelligent as human beings.

John McCarthy the father of  Artificial Intelligence described AI as, “The 
science and engineering of  making intelligent machines, especially 
intelligent computer programs”



Artificial Intelligence is defined in different approaches by various researchers 
during its evolution, such as

“Artificial Intelligence is the study of  how to make computers do things 
which at the moment, people do better.” 

There are other possible definitions 

“AI is a collection of  hard problems which can be solved by humans and 
other living things, but for which we don’t have good algorithms for solving.”

e. g., understanding spoken natural language, medical diagnosis, circuit design, learning, self  adaptation, reasoning, 
chess playing, proving math theories, etc



Applications of Artificial Intelligence

• Game Playing 

AI plays crucial role in strategic games such as chess, poker, tic-tac-toe, etc., 

where machine can think of  large number of  possible positions based on 

heuristic knowledge. 

Ex: AlphaZero AI beats champion chess program after teaching itself  in four hours



• Speech Recognition 

Some intelligent systems are capable of  hearing and comprehending the 

language in terms of  sentences and their meanings while a human talks to it. 

It can handle different accents, slang words, noise in the background, change 

in human’s noise due to cold, etc.



• Understanding Natural Language 

The computer can now understand natural languages and hence human 

can now interact using natural spoken languages. The computer has to be 

provided with an understanding of  the domain the text is about, and this is 

presently possible only for very limited domains.



• Computer Vision 

The computer vision leads the computer to understand the signals and 

act accordingly. There are some systems as: - Face detection system installed 

at airport. - Medical diagnosis



• Intelligent Robots

Robots have sensors to detect physical data from the real world such as 

light, heat, temperature, movement, sound, bump, and pressure. They have 

efficient processors, multiple sensors and huge memory, to exhibit 

intelligence.



Difference between Human and Machine 

Intelligence

• Humans perceive by patterns whereas the machines perceive by set of  rules 
and data.

• Humans store and recall information by patterns, machines do it by 
searching algorithms. 

• For example, the number 40404040 is easy to remember, store, and recall as its pattern 
is simple. 

• Humans can figure out the complete object even if  some part of  it is missing 
or distorted; whereas the machines cannot do it correctly.



AI Representation

• In any intelligent system, representing the knowledge is supposed to be an 

important technique to encode the knowledge. The main objective of  AI 

system is to design the programs that provide information to the computer, 

which can be helpful to interact with humans and solve problems in various 

fields which require human intelligence.



• Knowledge can be defined as:

• an useful term to judge the understanding of  an individual on a given subject.

• In intelligent systems, domain is the main focused subject area. So, the system 

specifically focuses on acquiring the domain knowledge.



Types of  knowledge in AI

Based on the type of  functionality, the knowledge in AI is categorized as

i. Declarative knowledge 

• The knowledge which is based on concepts, facts and objects, is termed as 

'Declarative Knowledge'.

• It provides all the necessary information about the problem in terms of  

simple statements, either true or false. 



ii. Procedural knowledge 

• Procedural knowledge derives the information on the basis of  rules, 

strategies, agendas and procedure. 

• It describes how a problem can be solved.

• Procedural knowledge directs the steps on how to perform something. 

For example: Computer program.



iii. Heuristic knowledge 

• Heuristic knowledge is based on thumb rule.

• It provides the information based on a thumb rule, which is useful in 

guiding the reasoning process. 

• In this type, the knowledge representation is based on the strategies to 

solve the problems through the experience of  past problems, compiled by an 

expert. Hence, it is also known as Shallow knowledge.



iv. Meta-knowledge

• This type gives an idea about the other types of  knowledge that are 

suitable for solving problem. 

• Meta-knowledge is helpful in enhancing the efficiency of  problem solving 

through proper reasoning process.



v. Structural knowledge 

• Structural knowledge is associated with the information based on rules, 

sets, concepts and relationships. 

• It provides the information necessary for developing the knowledge 

structures and overall mental model of  the problem.



AI is the study of  mental faculties through the use of  computational 

models. It is on the premise that what brain does may be thought of  as a 

kind of  computation. Though what brain does easily takes enormous efforts 

to be done by a machine. Eg: vision.



Internal representation 

In order to act intelligently, a computer must have the knowledge 

about the domain of  interest. Knowledge is the body of  facts and principles 

gathered or the act, fact, or state of  knowing. This knowledge needs to be 

presented in a form, which is understood by the machine. This unique 

format is called internal representation. Thus plain English sentences could 

be translated into an internal representation and they could be used to 

answer based on the given sentences.



Properties of  internal representation 

• Internal representation must remove all referential ambiguity. Referential 

ambiguity is the ambiguity about what the sentence refers to. Eg: ‘ Raj said 

that Ram was not well. He must be lying.’ Who does ‘he ‘ refers to…?.



• Internal representation must explicitly mention functional structure 

Functional structure is the word order used in the language to express an 

idea. Eg: ‘Ram killed Ravan. Ravan was killed by Ram.’ Thus internal 

representation may not use the order of  the original sentence



• Internal representation should avoid word-sense ambiguity. Word-sense 

ambiguity arise because of  multiple meaning of  words. Eg: ‘Raj caught a pen. 

Raj caught a train. Raj caught fever.



• Internal representation should be able handle complex sentence without 

losing meaning attached with it.



Heuristic Search Techniques

Heuristic search is class of  method which is used in 

order to search a solution space for an optimal solution for a 
problem. The heuristic here uses some method to search the 
solution space while assessing where in the space the 
solution is most likely to be and focusing the search on that 
area.



What is Heuristics?



Here’s an example



What is Heuristics?

To simplify the decision making process we use Heuristics.

Its a practical method, not guaranteed to be optimal but sufficient for making 

quick decisions.



Heuristic Search Techniques



• a. Direct Heuristic Search Techniques in AI

Other names for these are Blind Search, Uninformed Search, and Blind 
Control Strategy. These aren’t always possible since they demand much time 
or memory.

• b. Weak Heuristic Search Techniques in AI

Other names for these are Informed Search, Heuristic Search, and 
Heuristic Control Strategy. These are effective if  applied correctly to the 
right types of  tasks and usually demand domain-specific information.



To name a few

• Generate and Test

• Hill Climbing

• Best First Search

• Means ends analysis.



Generate And Test

It is the simplest of  all the approaches and consists 

only 3 steps:

1. Generate a possible solution

2. Test to see if  this is a actual solution

3. If  a solution is found,quit.Otherwise go to step1



Example:

If  the generation of  possible solutions is done systematically, then the 

procedure will find a solution eventually, if  one exists.

If  the problem is very large, eventually may be a very long time.



Properties of  good generators

• Complete

• Non Redundant

• Informed

Example:

(100)      (100)     (100)                                              (100)³ = 1M

00  00  00                  1min=5*60=300 possible states

00  00  01                    10Weeks to complete the search

02

If  it is informed Search                            (25)  (25)  (25)

Then 0-99 are prime numbers then,       00 00 00

(25)³~1500 within 2days



Hill Climbing

Its a variant of  generate and test method in which feedback from test 
procedure is used to help generator decide in which direction to move in search 
space.

• Its a local search algorithm

• It uses greedy approach

• It always moves in single direction.

• There is no backtracking.
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Reasoning in Artificial 

Intelligence



• "Reasoning is a way to infer facts from existing data." It is a general 

process of  thinking rationally, to find valid conclusions.

• In artificial intelligence, the reasoning is essential so that the machine can 

also think rationally as a human brain, and can perform like a human.



Types of  Reasoning

In artificial intelligence, reasoning can be divided into the following categories:

• Deductive reasoning

• Inductive reasoning

• Abductive reasoning

• Common Sense Reasoning

• Monotonic Reasoning

• Non-monotonic Reasoning



Deductive reasoning:

• Deductive reasoning is deducing new information from logically related known 
information. It is the form of  valid reasoning, which means the argument's 
conclusion must be true when the premises are true.

• Deductive reasoning is a type of  propositional logic in AI, and it requires various 
rules and facts. It is sometimes referred to as top-down reasoning, and contradictory 
to inductive reasoning.

• In deductive reasoning, the truth of  the premises guarantees the truth of  the 
conclusion.

• Deductive reasoning mostly starts from the general premises to the specific 
conclusion, which can be explained as below example.



Example:

• Premise-1: All the human eats veggies

• Premise-2: Suresh is human.

• Conclusion: Suresh eats veggies.

The general process of  deductive reasoning is given below:



Inductive Reasoning:

• Inductive reasoning is a form of  reasoning to arrive at a conclusion using limited 
sets of  facts by the process of  generalization. It starts with the series of  specific 
facts or data and reaches to a general statement or conclusion.

• Inductive reasoning is a type of  propositional logic, which is also known as cause-
effect reasoning or bottom-up reasoning.

• In inductive reasoning, we use historical data or various premises to generate a 
generic rule, for which premises support the conclusion.

• In inductive reasoning, premises provide probable supports to the conclusion, so 
the truth of  premises does not guarantee the truth of  the conclusion.



Example:

• Premise: All of  the pigeons we have seen in the zoo are white.

• Conclusion: Therefore, we can expect all the pigeons to be white.



Abductive reasoning:

• Abductive reasoning is a form of  logical reasoning which starts with single or multiple 
observations then seeks to find the most likely explanation or conclusion for the 
observation.

• Abductive reasoning is an extension of  deductive reasoning, but in abductive reasoning, the 
premises do not guarantee the conclusion.

Example:

• Implication: Cricket ground is wet if  it is raining

• Axiom: Cricket ground is wet.

• Conclusion It is raining.



Common Sense Reasoning

• Common sense reasoning is an informal form of  reasoning, which can be 

gained through experiences.

• Common Sense reasoning simulates the human ability to make presumptions 

about events which occurs on every day.

• It relies on good judgment rather than exact logic and operates on heuristic 

knowledge and heuristic rules.



Example:

• One person can be at one place at a time.

• If  I put my hand in a fire, then it will burn.

The above two statements are the examples of  common sense reasoning 

which a human mind can easily understand and assume.



Monotonic Reasoning:

• In monotonic reasoning, once the conclusion is taken, then it will remain the same even if  we 
add some other information to existing information in our knowledge base. In monotonic 
reasoning, adding knowledge does not decrease the set of  prepositions that can be derived.

• To solve monotonic problems, we can derive the valid conclusion from the available facts only, 
and it will not be affected by new facts.

• Monotonic reasoning is not useful for the real-time systems, as in real time, facts get changed, so 
we cannot use monotonic reasoning.

• Monotonic reasoning is used in conventional reasoning systems, and a logic-based system is 
monotonic.

• Any theorem proving is an example of  monotonic reasoning.



Example:

• Earth revolves around the Sun.

• It is a true fact, and it cannot be changed even if  we add another sentence in 

knowledge base like, "The moon revolves around the earth" Or "Earth is not 

round," etc.



Advantages of  Monotonic Reasoning:

• In monotonic reasoning, each old proof  will always remain valid.

• If  we deduce some facts from available facts, then it will remain valid for always.

Disadvantages of  Monotonic Reasoning:

• We cannot represent the real world scenarios using Monotonic reasoning.

• Hypothesis knowledge cannot be expressed with monotonic reasoning, which means facts 
should be true.

• Since we can only derive conclusions from the old proofs, so new knowledge from the real 
world cannot be added.



Non-monotonic Reasoning

• In Non-monotonic reasoning, some conclusions may be invalidated if  we 

add some more information to our knowledge base.

• Logic will be said as non-monotonic if  some conclusions can be invalidated 

by adding more knowledge into our knowledge base.

• Non-monotonic reasoning deals with incomplete and uncertain models.

• "Human perceptions for various things in daily life, "is a general example of  

non-monotonic reasoning.



Example:

Let suppose the knowledge base contains the following knowledge:

• Birds can fly

• Penguins cannot fly

• Pitty is a bird

• So from the above sentences, we can conclude that Pitty can fly.

• However, if  we add one another sentence into knowledge base "Pitty is a penguin", which 
concludes "Pitty cannot fly", so it invalidates the above conclusion.



Advantages of  Non-monotonic reasoning:

• For real-world systems such as Robot navigation, we can use non-monotonic 
reasoning.

• In Non-monotonic reasoning, we can choose probabilistic facts or can make 
assumptions.

Disadvantages of  Non-monotonic Reasoning:

• In non-monotonic reasoning, the old facts may be invalidated by adding new 
sentences.

• It cannot be used for theorem proving.



Planning In Artificial 

Intelligence



What is planning in AI?

• The planning in Artificial Intelligence is about the decision making tasks 

performed by the robots or computer programs to achieve a specific goal.

• The execution of  planning is about choosing a sequence of  actions with a 

high likelihood to complete the specific task.



• Just like humans have sensors through which we sense our surroundings 

(eyes, ears, nose, tongue, and skin) and actuators (limbs) to perform actions 

on these surroundings. 

• The agent starts from the initial state and performs a series of  actions in 

order to reach the goal state. 

• For instance, a vacuum cleaner agent will perform actions of  moving right and left, and 

sucking in dirt to reach the goal of  successfully cleaning the environment.



• In other words, planning is all about deciding the actions to be performed by 

the Artificial Intelligence system and the functioning of  the system on its 

own in domain-independent situations.



What is a Plan?

• For any planning system, we need the domain description, action 

specification, and goal description. A plan is assumed to be a sequence of  

actions and each action has its own set of  preconditions to be satisfied 

before performing the action and also some effects which can be positive or 

negative.

• So, we have Forward State Space Planning (FSSP) and Backward State Space 

Planning (BSSP) at the basic level.



Planning languages

• Representation of  Planning problems is often done using STRIPS (Stanford 

Research Institute Problem Solver). It consists of:

• A set of  states- It is a conjunction of  positive ground literals.

• A set of  goals- partially specified state represented as a conjunction of  positive literals, and

• A set of  actions- For each action, there is a precondition that must be satisfied and an effect which 

reflects the impact the action has on the environment after it has been performed.



Planning using State Space Search

State space consists of  the initial state, set of  goal states, set of  actions or 

operations, set of  states and the path cost. This state space needs to be searched to find 

a sequence of  actions leading to the goal state. This can be done in the forward or 
backward direction.



Forward State Space Search

• It is also called Progression. It starts from the initial state and searches in the 

forward direction till we reach the goal. It uses STRIPS representation. This 

is how the problem formulation looks like.

• FSSS starts from the initial state and applies actions to reach the next state. It then 

checks whether this state is the goal state or not. If  not, it continues to apply other 

actions till the goal is reached.



Backward State Space Search

• It is also called as Regression. It uses STRIPS representation. The problem 

formulation is similar to that of  FSSS and consists of  the initial state, 

actions, goal test and step cost. In BSSS, the searching starts from the goal 

state, and moves in the backward direction until the initial state is reached. It 

starts at the goal, checks if  it is the initial state. If  not, it applies the inverse 

of  the actions to produce sub goals until start state is reached. 



Total Order planning (TOP)

• FSSS and BSSS are examples of  TOP. They only explore linear sequences of  

actions from start to goal state, They cannot take advantage of  problem 

decomposition, i.e. splitting the problem into smaller sub-problems and 

solving them individually.



Partial Order Planning (POP)

• It works on problem decomposition. It will divide the problem into parts 
and achieve these sub goals independently. 

• It solves the sub problems with sub plans and then combines these sub plans 
and reorders them based on requirements. 

• In POP, ordering of  the actions is partial. It does not specify which action 
will come first out of  the two actions which are placed in the plan. 

• Let’s look at this with the help of  an example. The problem of  wearing shoes 
can be performed through total order or partial order planning.



• Init: Barefoot

• Goal: RightShoeOn ^ LeftShoeOn

• Action: 1. RightShoeOn

• Precondition: RightSockOn

• Effect: RightShoeOn

• 2. LeftShoeOn

• Precondition: LeftSockOn

• Effect: LeftShoeOn

• 3. LeftSockOn

• Precondition: Barefoot

• Effect: LeftSockOn

• 4. RightSockOn

• Precondition: Barefoot

• Effect: RightSockOn



The TOP consists of  six sequences, one of  which can be taken in order to 

reach the finish state. However, the POP is less complex. It combines two 

action sequences. The first branch covers the left sock and left shoe. To wear 

left shoe, wearing the left sock is a precondition. Similarly the second branch 

covers the right sock and right show. Once these actions are taken, we 

achieve our goal and reach the finish state.



Hierarchical Planning

Here the plans are organized in a hierarchical format. It works on plan 

decomposition. Complex actions are decomposed into simpler or primitive 

ones and it can be denoted with the help of  links between various states at 

different levels of  the hierarchy. This is called operator expansion.

• Primitive tasks- these correspond to the actions of  STRIPS,

• Compound tasks- these are a set of  simpler tasks,

• Goal tasks- these correspond to goals of  STRIPS.



• In Hierarchical Planning, we find a sequence of  primitive tasks by 

decomposition of  compound tasks, in order to reach the goal. For example, 

in case of  building a house, hierarchical planning is used as shown below.



Blocks-World planning problem

• The blocks-world problem is known as Sussman Anomaly.

• Noninterleaved planners of  the early 1970s were unable to solve 

this problem, hence it is considered as anomalous.

• When two subgoals G1 and G2 are given, a noninterleaved

planner produces either a plan for G1 concatenated with a plan 

for G2, or vice-versa.

• In blocks-world problem, three blocks labeled as 'A', 'B', 'C' are 

allowed to rest on the flat surface. The given condition is that 

only one block can be moved at a time to achieve the goal.

• The start state and goal state are shown in the following diagram.



Step 1: Putting ‘A ‘ on table top

Step2:Putting ‘B’ on top of  ‘C’

Step 3:Putting ‘A’ on top of  ‘B’.



Components of  Planning System

The planning consists of  following important steps:

• Choose the best rule for applying the next rule based on the best available heuristics.

• Apply the chosen rule for computing the new problem state.

• Detect when a solution has been found.

• Detect dead ends so that they can be abandoned and the system’s effort is directed 

in more fruitful directions.

• Detect when an almost correct solution has been found.



Goal stack planning

• This is one of  the most important planning algorithms, which is specifically 

used by STRIPS.The stack is used in an algorithm to hold the action and 

satisfy the goal. A knowledge base is used to hold the current state, actions.

• Goal stack is similar to a node in a search tree, where the branches are 

created if  there is a choice of  an action.



The important steps of  the algorithm are as 

stated below:

i. Start by pushing the original goal on the stack. Repeat this until the stack 
becomes empty. If  stack top is a compound goal, then push its unsatisfied 
subgoals on the stack.

ii. If  stack top is a single unsatisfied goal then, replace it by an action and push 
the action’s precondition on the stack to satisfy the condition.

iii. If  stack top is an action, pop it from the stack, execute it and change the 
knowledge base by the effects of  the action.

iv. If  stack top is a satisfied goal, pop it from the stack.



Non-linear planning

• This planning is used to set a goal stack and is included in the search space of  all possible subgoal orderings. 
It handles the goal interactions by interleaving method.

Algorithm
1. Choose a goal 'g' from the goalset
2. If  'g' does not match the state, thenChoose an operator 'o' whose add-list matches goal g

• Push 'o' on the opstack

• Add the preconditions of  'o' to the goalset

3. While all preconditions of  operator on top of  opstack are met in statePop operator o from top of  opstack

• state = apply(o, state)

• plan = [plan; o]



Advantage of  non-Linear planning

Non-linear planning may be an optimal solution with respect to plan length 

(depending on search strategy used).

Disadvantages of  Nonlinear planning

• It takes larger search space, since all possible goal orderings are taken into 

consideration.

• Complex algorithm to understand.



AI knowledge cycle:

An Artificial intelligence system has the following components for displaying 
intelligent behavior:

• Perception

• Learning

• Knowledge Representation and Reasoning

• Planning

• Execution





• The above diagram is showing how an AI system can interact with the real world 
and what components help it to show intelligence. AI system has Perception 
component by which it retrieves information from its environment. It can be visual, 
audio or another form of  sensory input. The learning component is responsible for 
learning from data captured by Perception comportment. 

• In the complete cycle, the main components are knowledge representation and 
Reasoning. These two components are involved in showing the intelligence in 
machine-like humans. These two components are independent with each other but 
also coupled together. The planning and execution depend on analysis of  
Knowledge representation and reasoning.



What is perception in AI?

Perception is a process to interpret, acquire, select and then organize the 

sensory information that is captured from the real world.

For example: Human beings have sensory receptors such as touch, taste, 

smell, sight and hearing. So, the information received from these receptors is 

transmitted to human brain to organize the received information.



• According to the received information, action is taken by interacting with the 

environment to manipulate and navigate the objects.

• Perception and action are very important concepts in the field of  Robotics. 

The following figures show the complete autonomous robot.





• There is one important difference between the artificial intelligence program 

and robot. The AI program performs in a computer stimulated environment, 

while the robot performs in the physical world.

For example:

In chess, an AI program can be able to make a move by searching different 

nodes and has no facility to touch or sense the physical world.

However, the chess playing robot can make a move and grasp the pieces by 

interacting with the physical world.




