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Continuous Internal Evaluation (CIE)
• There shall be two mandatory written tests of a duration of 1.5 Hours each 
• Each written test shall be conducted for 50 Marks and scaled down to 15 

marks
• Marks Distribution of Integrated Course

• In addition to mandatory tests, assessment through assignments, group 
discussions, case studies, quizzes, seminars, mini-projects, laboratory 
experiments, etc. as deemed fit by the Course Instructor will be carried out.

• an additional assessment conducted through any of the activities suggested 
above will be conducted for 50 marks and scaled down to 10 (for both 
activities) respectively



Semester End Examination (SEE):
• SEE shall be conducted at the end of a semester as per the academic calendar
• This shall be conducted for a duration of 3 hours for a 3 credit course
• SEE for all the courses shall be conducted for 100 marks and the marks 

secured shall be scaled down to 50
• CIE and SEE are assigned equal (50:50) weightage. A student's performance in 

coursework shall be judged by taking into account the results of both CIE and coursework shall be judged by taking into account the results of both CIE and 
SEE individually and together

• Standards for Passing (Absolute Grading)

• The student shall obtain a minimum of 40% of the marks allotted for CIE in 
each course to be eligible to appear for the SEE in that course.
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Overview of Artificial Intelligence
• Artificial Intelligence is a broad field 

– Different things to different people 
– Multiple definitions are there by different people 

• Main Objective of AI is 
– Computers to do tasks that require human intelligence

• People want to automate human intelligence to following reasons• People want to automate human intelligence to following reasons
– Understand human intelligence better
– Smarter Programs
– Useful technique for solving difficult problem

• To a common man Artificial Intelligence are two words 
– Artificial : Made as copy of something natural
– Intelligence : Ability to gain and apply knowledge and skills 



Overview of Artificial Intelligence

• List of Task that requires Intelligence
– Speech generation & understanding
– Pattern Recognition 
– Mathematical Theorem proving– Mathematical Theorem proving
– Reasoning
– Motion in obstacle filled space

Reasoning in AI refers to deriving new information
from existing information using logical rules and
principles. AI systems use Reasoning to make
inferences, draw conclusions, and solve problems.
Reasoning in AI aims to create machines that can
reason like humans, using logic, common sense, and
intuition.



Intelligence Vs Artificial Intelligence

Supervised  Ex – Apple / Mango Classification 
Unsupervised Ex – Grouping the students based 
on their IA Marks 

Supervised + Unsupervised + Self Learning + 
NLP + Generative AI Ex



Strong AI Vs Weak AI

• Weak AI – Helping people in their intelligence task
• Strong AI – Doing intelligence task on its own



Definition of AI

The Loebner Prize was an annual competition in 
artificial intelligence that awarded prizes to the 
computer programs considered by the judges to be the 
most human-like



Acting Humanly – Turing Test
• The Turing test was developed by Alan Turing(A computer scientist) in 1950. 
• He proposed that the “Turing test is used to determine whether or not a computer(machine) 

can think intelligently like humans”?
• The Turing Test is a widely used measure of a machine’s ability to demonstrate human-like 

intelligence. The basic idea of the Turing 
Test is simple: 
•a human judge engages in a •a human judge engages in a 
text-based conversation with 
both a human and a machine, 
and then decides which of the 
two they believe to be a 
human. 
•If the judge is unable to 
distinguish between the 
human and the machine 
based on the conversation, 
then the machine is said to 
have passed the Turing Test.



Thinking in AI 

Rational - based on or in accordance 
with reason or logic.



Thinking Humanly : Cognitive 
Modeling

• Once we gather enough data, we can create a model to simulate the human process.
• This model can be used to create software that can think like humans. 
• Of course this is easier said than done! All we care about is the output of the program given a particular 

input. 
• If the program behaves in a way that matches human behavior, then we can say that humans have a 

similar thinking mechanism.
• Within computer science, there is a field of study called Cognitive Modeling that deals with simulating the 

human thinking process. 
• It tries to understand how humans solve problems. • It tries to understand how humans solve problems. 
• It takes the mental processes that go into this problem solving process and turns it into a software model. 
• This model can then be used to simulate human behavior. 
• Cognitive modeling is used in a variety of AI applications such as deep learning, expert systems, Natural 

Language Processing, robotics, and so on.



Thinking Rationally : Laws of Thought



Acting Rationally : Rational Agents

Omniscience - the state of 
knowing everything.



Acting Rationally : Rational Agents



Foundations of AI

Philosophy is a systematic study of general 
and fundamental questions concerning topics 
like existence, reason, knowledge, value, 
mind, and language.



Expert Systems

R1/XCON is an early 
manufacturing 
expert system 
that automatically 
selects and orders 
computer 
components based 
on customer 
specifications.



Expert Systems

MYCIN was a backward chaining expert system which used artificial intelligence. 
It used this to identify the cause of serious infections and to recommend which 
antibiotics should be used to treat it. 
It could also recommend the correct dosage based on the weight of the patient. 
It could also be used to identify and diagnose several blood clotting diseases. 
MYCIN operated using a base of approximately 600 rules and various yes/no 
questions. 
It was then able to identify the bacteria based on the high or low probability of each 
type being responsible.





The mass-to-charge ratio is a 
physical quantity relating the 
mass and the electric charge 
of a given particle



AI in industry

Fifth Generation Computer Systems

Microelectronics and 
Computer Technology 
Corporation

Fifth Generation Computer Systems

AI winter

https://members.womencorporatedirectors.o
rg/WCD/News/JAN-
Feb2020/Reality%20Light.pdf



AI Winter

• Problems with automotive computer vision have 
been cited as contributing factors in many fatal 
Tesla crashes (Risen 2016, Crowe 2016) and the 
death of a pedestrian in an Uber self-driving car 
accident (Griggs and Wakabayashi 2018). accident (Griggs and Wakabayashi 2018). 

• Despite years of promises by many companies of 
full-self driving powered by AI, many companies 
have walked back their claims in attempt to 
recalibrate the public’s and funders’ expectations 
(Bubbers 2019, Elias 2019).



AI Winter



Brittleness
• Algorithm brittleness occurs when the environment changes in such a way

that the computer vision algorithm can no longer recognize the object due
to some small perturbation.

• Brittleness for driverless car computer vision includes an inability to cope
with changes caused by weather conditions.

• While important advancements have been made in the last 10 years in
computer vision and in the deep learning algorithms that underpin thesecomputer vision and in the deep learning algorithms that underpin these
systems, such approaches to developing perceptual models of the real
world are plagued by problems of brittleness.

• Brittleness occurs when any algorithm cannot generalize or adapt to
conditions outside a narrow set of assumptions.

• For example, many natural language processing algorithms are brittle
when they can understand a person from New York City but fail to
understand the same sentence from someone in Appalachia or who
speaks English with a foreign accent (Harwell 2018).



Is automating intelligence is possible ?

• Answer lies in
– Turing Test
– Yes – its possible 



Man Vs Computer

• AI is the study of how to make computers do 
things which, at the moment, people do 
better (Rich and Knight)

• Second definition• Second definition

• Role of computer changes from something 
useful to essential



Man Vs Computer

• What computers do better than people?
– Numerical computation
– Information Storage
– Repetitive operations

• What People can do better than computers?• What People can do better than computers?
– People have outperformed computers in activities 

which involve intelligence. 
– We do not just process information.
– We understand it , make sense out of what we see 

and hear 
– Then we come out new ideas



List of characteristics intelligence 
should possess Whom to save in accidents

Bottle fallen on floor vs chair
aged person falling

Cleaning floor containing both dust & gold ringCleaning floor containing both dust & gold ring



AI technique for mapping human 
knowledge

Example of Mango  vs Apple Identification 

Cat vs Dog Classification

Find solution by searching



Cognitive science to computer 
modeling



Cognitive science to computer 
modeling



Application Areas of AI

• General Problem Solving
– Water jug, TSP, Tower of Hanoi etc.



Application Areas of AI

• Expert Systems



Application Areas of AI

• Natural Language Processing



Application Areas of AI

• Computer Vision



AI Computing



AI Computing



Chapter Two

Intelligent Intelligent 
Agents



2.1 Introduction

2.1.1 Agent 

Terminology

2.1.2 Environment of 

Problem

2.1.3 Vacuum cleaner 

problem 

2.2 Structure of Agent

Learning objectives.

After this chapter , students will be able to :

• Understand the concept of artificial 
intelligent agent

• Understand the basic concept of 
rationality2.2.1 PAGE

2.2.2 Agent program

2.2.3 Attributes of  

Agents

2.3 Rationality

2.3.1 Rational Agent

2.3.2 Ideal rational 

agent

2.3.3 Autonomy

• Understand the basic concept of 
rationality

• Interpret and apply fundamental of type 
of agent on current problems related to 
artificial intelligence.
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2.1 Introduction

2.1.1 Agent 

Terminology

2.1.2 Environment of 

Problem

2.1.3 Vacuum cleaner 

problem 

2.2 Structure of Agent

Intelligent systems

Intelligent systems are the frameworks or a
system that may show a type of knowledge.
This knowledge was made by preparing the
framework with information, however, not
utilizing the explicit programming. For
example, a less complex smart2.2.1 PAGE

2.2.2 Agent program

2.2.3 Attributes of  

Agents

2.3 Rationality

2.3.1 Rational Agent

2.3.2 Ideal rational 

agent

2.3.3 Autonomy

example, a less complex smart
framework/system could be the Gmail spam
classifier.
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2.1 Introduction

2.1.1 Agent 

Terminology

2.1.2 Environment of 

Problem

2.1.3 Vacuum cleaner 

problem 

2.2 Structure of Agent

Intelligent agent

An agent is defined something that sees
(perceives) and acts in an environment. IAs
perform task that will be beneficial for the
business procedure, PC application or a
person.

2.2.1 PAGE

2.2.2 Agent program

2.2.3 Attributes of  

Agents

2.3 Rationality

2.3.1 Rational Agent

2.3.2 Ideal rational 

agent

2.3.3 Autonomy
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2.1 Introduction

2.1.1 Agent 

Terminology

2.1.2 Environment of 

Problem

2.1.3 Vacuum cleaner 

problem 

2.2 Structure of Agent

Agent terminology

• Performance measure of agent: It is the 
criteria determining the success of an agent.

• Behaviour/action of agent: It is the action 
performed by an agent after any specified 
sequence of the percepts.

• Percept: It is defined as an agent’s perceptual 
inputs at a specified instance.

• Percept sequence: It is defined as the history 2.2.1 PAGE

2.2.2 Agent program

2.2.3 Attributes of  

Agents

2.3 Rationality

2.3.1 Rational Agent

2.3.2 Ideal rational 

agent

2.3.3 Autonomy

• Percept sequence: It is defined as the history 
of everything that an agent has perceived till 
date.

• Agent function: It is defined as a map from 
the percept sequence to an action.

Agent function, a = F(p)

where p is the current percept, a is the action 
carried out, and F is the agent function.



2.1 Introduction

2.1.1 Agent 

Terminology

2.1.2 Environment of 

Problem

2.1.3 Vacuum cleaner 

problem 

2.2 Structure of Agent

Agent terminology
where p is the current percept, a is the 
action carried out, and F is the agent 
function. F maps precepts to actions

F :P → A
where P is the set of all precepts, and A is 
the set of all actions. 
Generally, an action may be dependent of 
all the precepts observed, not only the 

2.2.1 PAGE

2.2.2 Agent program

2.2.3 Attributes of  

Agents

2.3 Rationality

2.3.1 Rational Agent

2.3.2 Ideal rational 

agent

2.3.3 Autonomy

all the precepts observed, not only the 
current percept, 

ak = F( p0 p1 p2 … pk )
Where p0 , p1, p2, … ,pk is the sequence of 
percepts recorded till date, ak is the 
resulting action carried out and F now maps 
percept sequences to action

F :P * → A
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2.1 Introduction

2.1.1 Agent 

Terminology

2.1.2 Environment of 

Problem

2.1.3 Vacuum cleaner 

problem 

2.2 Structure of Agent

Environment of problem

The vacuum agent perceives in which 
square it is in and if there is dirt in the 
square. It may choose to move left, right or 
suck up the dirt or do nothing. On the basis 
of the aforementioned task, one of the very 
simple functions of the agent is the 
following: If the current square is dirty then 
suck, otherwise move to other square. 

2.2.1 PAGE

2.2.2 Agent program

2.2.3 Attributes of  

Agents

2.3 Rationality

2.3.1 Rational Agent

2.3.2 Ideal rational 

agent

2.3.3 Autonomy

suck, otherwise move to other square. 
Hence, we can write:

Precepts: location and status, e.g., [A, 
Dirty]

Actions: left, right, suck and no-op (Do 
Nothing)

Copyright © 2019 by Wiley India Pvt. Ltd., 4436/7, Ansari Road, Daryaganj, 
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2.1 Introduction

2.1.1 Agent 

Terminology

2.1.2 Environment of 

Problem

2.1.3 Vacuum cleaner 

problem 

2.2 Structure of Agent

Vacuum cleaner problem

Performance measure of vacuum cleaner 
agent: All the rooms are well cleaned.

Behaviour/action of agent: Left, right, 
suck and no-op (Doing nothing).

Percept: Location and status, for example, 2.2.1 PAGE

2.2.2 Agent program

2.2.3 Attributes of  

Agents

2.3 Rationality

2.3.1 Rational Agent

2.3.2 Ideal rational 

agent

2.3.3 Autonomy

Percept: Location and status, for example, 
[A, Dirty].

Agent function: Mapping of percept 
sequence to an action
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2.1 Introduction

2.1.1 Agent 

Terminology

2.1.2 Environment of 

Problem

2.1.3 Vacuum cleaner 

problem 

2.2 Structure of Agent

Vacuum cleaner problem

Percept sequence Action

[A, Clean] Right 

[A, Dirty] Suck

[B, Clean] Left

[B, Dirty] Suck

[A, Dirty], [A, Right

Percept sequence  

2.2.1 PAGE

2.2.2 Agent program

2.2.3 Attributes of  

Agents

2.3 Rationality

2.3.1 Rational Agent

2.3.2 Ideal rational 

agent

2.3.3 Autonomy

[A, Dirty], [A, 
Clean]

Right

[A, Clean], [B, 
Dirty]

Suck

[B, Dirty], [B, 
Clean]

Left

[B, Clean], [A, 
Dirty] Suck

[A, Clean], [B, 
Clean] No-op

[B, Clean], [A, 
Clean] No-op
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2.1 Introduction

2.1.1 Agent 

Terminology

2.1.2 Environment of 

Problem

2.1.3 Vacuum cleaner 

problem 

2.2 Structure of Agent

Structure of agent

The structure of agent can be represented 
as: 

Agent= Architecture + Agent

Program where, 
2.2.1 PAGE

2.2.2 Agent program

2.2.3 Attributes of  

Agents

2.3 Rationality

2.3.1 Rational Agent

2.3.2 Ideal rational 

agent

2.3.3 Autonomy

Architecture : The machinery that an agent 
executes on

Agent program: An implementation of  an 
agent function
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2.1 Introduction

2.1.1 Agent 

Terminology

2.1.2 Environment of 

Problem

2.1.3 Vacuum cleaner 

problem 

2.2 Structure of Agent

PAGE
While designing the intelligent systems, 
there are following four main factors to be 
considered

• P, Percepts: The inputs to the AI system.

• A, Actions: The outputs of the AI 
system.2.2.1 PAGE

2.2.2 Agent program

2.2.3 Attributes of  

Agents

2.3 Rationality

2.3.1 Rational Agent

2.3.2 Ideal rational 

agent

2.3.3 Autonomy

system.

• G, Goals: What the agent is expected to 
achieve.

• E, Environment: What the agent is 
interacting with one.

Copyright © 2019 by Wiley India Pvt. Ltd., 4436/7, Ansari Road, Daryaganj, 
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2.1 Introduction

2.1.1 Agent 

Terminology

2.1.2 Environment of 

Problem

2.1.3 Vacuum cleaner 

problem 

2.2 Structure of Agent

Agent type Percepts Actions Goals Environment

Medical
diagnosti

c
system

Symptoms
, test

results, 
patient’s
answers

Questions,
test 

requests,
treatments, 

referrals

Healthy 
patients,
minimise

the
costs

Patient, 
hospital,

staff

Satellite 
image

analysis 
system

Pixels of 
varying
intensity 

and
colour

Display a
categorisati

on of
the scene

Correct 
image

categorisat
ion

Images 
from

orbiting 
satellite

Pixels of Pick up Place parts Conveyor 2.2.1 PAGE

2.2.2 Agent program

2.2.3 Attributes of  

Agents

2.3 Rationality

2.3.1 Rational Agent

2.3.2 Ideal rational 

agent

2.3.3 Autonomy

Part-
picking
robot

Pixels of 
varying
intensity 

and
colour

Pick up 
parts and
sort them 
into bins

Place parts 
into

correct 
bins

Conveyor 
belt

with parts, 
bins

Refinery
controller

Temperatu
re,

pressure 
and

chemical 
readings

Open and 
close

valves, 
adjust

temperature

Maximise
purity,
yield, 
safety

Refinery, 
staff

Interactiv
e

Typed 
words

Display 
exercises, Maximise

Set of 
students,
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2.1 Introduction

2.1.1 Agent 

Terminology

2.1.2 Environment of 

Problem

2.1.3 Vacuum cleaner 

problem 

2.2 Structure of Agent

Agent program

The skeleton of the IAs accept the percept’s
from the environment and actions are
generated.

Firstly, although agent mapping is defined
as the function from the percept sequence to
actions, the agent mapping accepts only a
single percept as its input

Secondly, the measure of goal or2.2.1 PAGE

2.2.2 Agent program

2.2.3 Attributes of  

Agents

2.3 Rationality

2.3.1 Rational Agent

2.3.2 Ideal rational 

agent

2.3.3 Autonomy

Secondly, the measure of goal or
performance is not the part of skeleton
program, since the performance measure is
enforced externally to understand the
behaviour of an agent, and it is also often
possible to attain high performance without
an explicit knowledge of measuring the
performance.
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2.1 Introduction

2.1.1 Agent 

Terminology

2.1.2 Environment of 

Problem

2.1.3 Vacuum cleaner 

problem 

2.2 Structure of Agent

Agent program

On each invocation, the memory of the 
agent is updated to mirror the new percept, 
the best action selected and the fact that the 
action was taken is also stored inside the 
memory. The memory persists from one 
invocation to the next.

Percept 
sequence

Action

[A, Clean] Right 

[A, Dirty] Suck

[B, Clean] Left

[B, Dirty] Suck

[A, Dirty], Right
2.2.1 PAGE

2.2.2 Agent program

2.2.3 Attributes of  

Agents

2.3 Rationality

2.3.1 Rational Agent

2.3.2 Ideal rational 

agent

2.3.3 Autonomy
Copyright © 2019 by Wiley India Pvt. Ltd., 4436/7, Ansari Road, Daryaganj, New 
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Function Skeleton-Agent(Percept) returns Action
Static : Memory, the agents memory of the world
MemoryUpdate_Memeory(Memory, Percept)
Action Choose_Best_Action(Memory)
Memory Update_Memory(Memory,Percept)

Returns Action

[A, Clean]

[A, Clean], 
[B, Dirty]

Suck

[B, Dirty], 
[B, Clean]

Left

[B, Clean], 
[A, Dirty] Suck

[A, Clean], 
[B, Clean] No-op

[B, Clean], 
[A, Clean] No-op



Copyright © 2019 by Wiley India Pvt. Ltd., 
4436/7, Ansari Road, Daryaganj, New Delhi-

110002



2.1 Introduction

2.1.1 Agent 

Terminology

2.1.2 Environment of 

Problem

2.1.3 Vacuum cleaner 

problem 

2.2 Structure of Agent

Agent program

On each invocation, the memory of the 
agent is updated to mirror the new percept, 
the best action selected and the fact that the 
action was taken is also stored inside the 
memory. The memory persists from one 
invocation to the next.

Function Skeleton-Agent(Percept) returns Action

Percept 
sequence

Action

[A, Clean] Right 

[A, Dirty] Suck

[B, Clean] Left

[B, Dirty] Suck

[A, Dirty], Right
2.2.1 PAGE

2.2.2 Agent program

2.2.3 Attributes of  

Agents

2.3 Rationality

2.3.1 Rational Agent

2.3.2 Ideal rational 

agent

2.3.3 Autonomy
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Function Skeleton-Agent(Percept) returns Action
Static : Memory, the agents memory of the world
MemoryUpdate_Memeory(Memory, Percept)
Action Choose_Best_Action(Memory)
Memory Update_Memory(Memory,Percept)

Returns Action

[A, Clean]

[A, Clean], 
[B, Dirty]

Suck

[B, Dirty], 
[B, Clean]

Left

[B, Clean], 
[A, Dirty] Suck

[A, Clean], 
[B, Clean] No-op

[B, Clean], 
[A, Clean] No-op



2.1 Introduction

2.1.1 Agent 

Terminology

2.1.2 Environment of 

Problem

2.1.3 Vacuum cleaner 

problem 

2.2 Structure of Agent

Attributes of agent
Autonomy: Agent work without the direct 
interference of the people or others and have some 
kind of control over their action and the internal 
state.
Social ability: An intelligent agent can interact with
other agents and humans in a social context. It can
understand and respond to natural language, and can
also take the initiative to communicate with others..
Reactivity: Agents perceive their condition which 
might include the physical world, client by the
means of graphical user interface, an accumulation 
of agent.

2.2.1 PAGE

2.2.2 Agent program

2.2.3 Attributes of  

Agents

2.3 Rationality

2.3.1 Rational Agent

2.3.2 Ideal rational 

agent

2.3.3 Autonomy

of agent.
Proactively: Agents do not simply act in response to 
their environment; but these are able to exhibit goal–
director behavior by taking initiative.
Goal orienteer: An agent is efficient of handling 
complex high-level tasks. The decision for how such
a task is best split into smaller subtasks, and in 
which order and manner these subtasks should be 
composed by the agents itself.
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2.1 Introduction

2.1.1 Agent 

Terminology

2.1.2 Environment of 

Problem

2.1.3 Vacuum cleaner 

problem 

2.2 Structure of Agent

Rationality

Rationality is defined as the only status of being
sensible and with great judgmental feeling.
Rationality is only related to the expected activities
or actions and this results relying on what the IA has
viewed.

Performing activities with the point of obtaining the
valuable data is said to be a critical piece of
rationality.

Rational Agent

A right action is always performed by a rational

the quality of being based on or in accordance with 
reason or logic.

2.2.1 PAGE

2.2.2 Agent program

2.2.3 Attributes of  

Agents

2.3 Rationality

2.3.1 Rational Agent

2.3.2 Ideal rational 

agent

2.3.3 Autonomy

A right action is always performed by a rational
agent, where the right action is equivalent to the
action that causes the agent to be most successful in
the given percept sequence. The problem the agent
solves is characterised by the performance measure,
environment, actuators and sensors (PEAS).

Definition. An Intelligent Agent is a system that can perceive its
environment and take actions to achieve a specific goal. A
Rational Agent is an Intelligent Agent that makes decisions based
on logical reasoning and optimizes its behavior to achieve a
specific goal.



2.1 Introduction

2.1.1 Agent 

Terminology

2.1.2 Environment of 

Problem

2.1.3 Vacuum cleaner 

problem 

2.2 Structure of Agent

Rational agent

Rationality of an agent depends on mainly 
on the following four parameters: 

• The degree of success that is determined 
by the performance measures.

• The percept sequence of the agent that 
have been perceived till date.

• Prior knowledge of the environment that 
2.2.1 PAGE

2.2.2 Agent program

2.2.3 Attributes of  

Agents

2.3 Rationality

2.3.1 Rational Agent

2.3.2 Ideal rational 

agent

2.3.3 Autonomy

• Prior knowledge of the environment that 
is gained by an agent till date.

• The actions that the agent might perform 
in the environment.
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2.1 Introduction

2.1.1 Agent 

Terminology

2.1.2 Environment of 

Problem

2.1.3 Vacuum cleaner 

problem 

2.2 Structure of Agent

Ideal rational agent

An ideal rational agent is the one, which is
competent enough of performing expected actions
to expand its performance measure, on the basis
of the following:

• Its percept sequence.

• Its built-in knowledge base.

Autonomy
2.2.1 PAGE

2.2.2 Agent program

2.2.3 Attributes of  

Agents

2.3 Rationality

2.3.1 Rational Agent

2.3.2 Ideal rational 

agent

2.3.3 Autonomy

Autonomy

If the behaviour of the system is determined by its
own experience, the system is known as
autonomous. When the agent has very less
experience, it will be required to act in a random
manner unless some assistance is provided either
by the designer or the programmer. An actual
autonomous IAs would be able to successfully
and efficiently show all types of the environ-
ments, given sufficient time to adapt.
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2.2 Structure of Agent

Types of agent
1. Simple reflex agent
Simple reflex agent is said to be the simplest 
kind of agent. These agents select an action 
based on the current percept ignoring the rest of 
the percept history.
These percept to action mapping which is 
known as condition-action rules (so-called 
situation–action rules, productions, or if–then 
rules) in the simple reflex agent. It can be 
represented as follows:
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if {set of percepts} then {set of actions}

For example,

if it is raining then put up umbrella
or
if carin front is breaking then initiate breaking
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•The agent in Figure 
will work only if the 
correct decision can 
be made on the 
basis of only the 
current percept—
that is, only if the 
environment is fully 
observable. 
•Even a little bit of 
unobservability can 
cause serious 

Code for simple reflex agent
Copyright © 2019 by Wiley India Pvt. Ltd., 
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cause serious 
trouble.
•Some cars are using 
old model signal 
lights
•Simple reflex agent 
may break 
continuously, 
(How?)
•No break at all



Simple Reflex Agent - Problems

• We can see a similar problem arising in the vacuum 
world. 

• Suppose that a simple reflex vacuum agent is deprived 
of its location sensor and has only a dirt sensor. 

• Such an agent has just two possible percepts: [Dirty] 
and [Clean]. 

• Such an agent has just two possible percepts: [Dirty] 
and [Clean]. 

• It can Suck in response to [Dirty]; 
• what should it do in response to [Clean]? 

• Moving Left fails (forever) if it happens to start in square A, 
and moving Right fails (forever) if it happens to start in square 
B. 

• Infinite loops are often unavoidable for simple reflex 
agents operating in partially observable environments.
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Limitations

• Intelligence level in these agents is very 
limited.

• It works only in a fully observable 
environment.

• It does not hold any knowledge or 
information of non-perceptual parts of 
state.
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state.

• Because of the static knowledge based; it’s 
usually too big to generate and store.

• If any change in the environment happens, 
the collection of the rules are required to be 
updated.
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If you put sudden break 

then what happens to 

car behind you –

Previous State

If you turn right, what 

happens – What my 

actions do

2. Model based agent
Model-based agent is known as Reflex agents with an 
internal state. One problem with the simple reflex 
agents is that their activities are dependent of the recent 
data provided by their sensors. On the off chance that a 
reflex agent could monitor its past states (that is, keep up 
a portrayal or “model” of its history in the world), and 
understand about the development of the world. 

What will happen when 

another car overtakes 

you – How does world 

evolves
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Code for model based 
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Goal – Safety or Speed 

What will you do when 

car infront brakes : Turn 

right or Break 

What is the Goal – Nor 

hitting other car 

How ? 

3. Goal based 

Indeed, even with the expanded information of 
the current situation of the world given by an 
agent’s internal state, the agent may not, in any 
case, have enough data to reveal to it. The 
proper action for the agent will regularly 
depend upon its goals .Thus, it must be 
provided with some goal information.

Applying Break ?

Slowing Down ?

Applying Break 

continuously – Make 

unhappy
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2.2 Structure of Agent

4. Utility based agent

Goals individually are insufficient to produce 
top high-quality behavior. Frequently, there are 
numerous groupings of actions that can bring 
about a similar goal being accomplished. 
Given proper criteria, it might be conceivable 
to pick ‘best’ sequence of actions from a 
number that all result in the goal being 
achieved.
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agent
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Any utility-based agent can be depicted as 
having an utility capacity that maps a state, or 
grouping of states, on to a genuine number that 
speaks to its utility or convenience or 
usefulness. 
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By actively exploring and experimenting with 
their environment, the most powerful agents 
are able to learn. A learning agent can be 
further divided into the four conceptual 
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The critic tells the learning element how well 
the agent is doing with respect to a fixed
performance standard.

learning element, which 
is responsible for making 
improvements

it takes in percepts it takes in percepts 
and decides on 
actions. 



Learning agent

• A learning agent can be divided into four conceptual 
components, as shown in Figure

• The most important distinction is between the learning 
element, which is responsible for making improvements

• the performance element, which is responsible for • the performance element, which is responsible for 
selecting external actions. 

• The performance element is what we have previously 
considered to be the entire agent: it takes in percepts and 
decides on actions. 

• The learning element uses feedback from the critic on how 
the agent is doing and determines how the performance 
element should be modified to do better in the future
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Learning agent - Example

• automated taxi example.
• The performance element consists of whatever collection of knowledge

and procedures the taxi has for selecting its driving actions.
• The taxi goes out on the road and drives, using this performance

element.
• The critic observes the world and passes information along to the• The critic observes the world and passes information along to the

learning element.
• For example, after the taxi makes a quick left turn across three lanes of

traffic, the critic observes the shocking language used by other drivers.
• From this experience, the learning element is able to formulate a rule

saying this was a bad action, and
• the performance element is modified by installation of the new rule.
• The problem generator might identify certain areas of behavior in need

of improvement and suggest experiments, such as trying out the brakes
on different road surfaces under different conditions.
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Environment and its properties
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Environments
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5. Discrete versus Continuous Environment

6. Single Agent versus Multiagent
Environment

Copyright © 2019 by Wiley India Pvt. Ltd., 
4436/7, Ansari Road, Daryaganj, New Delhi-

110002



Environment and its properties

• The Environment is the surrounding world around the agent 
which is not part of the agent itself. 

• It’s important to understand the nature of the environment 
when solving a problem using artificial intelligence.

• For example, program a chess bot, the environment is a • For example, program a chess bot, the environment is a 
chessboard and creating a room cleaner robot, the 
environment is Room.

• Each environment has its own properties and agents should 
be designed such as it can explore environment states using 
sensors and act accordingly using actuators. In this guide, 
we’re going to understand all types of environments with 
real-life examples.
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There are mainly six groups of environment and an environment can be in multiple 
groups. Below are 10 more real-life examples and categories into environment 
groups.



Fully observable vs. partially 
observable: 
• If an agent’s sensors give it access to the complete state of the environment at 

each point in time, then we say that the task environment is fully observable. 

• A task environment is effectively fully observable if the sensors detect all 
aspects that are relevant to the choice of action; relevance, in turn, depends on 
the performance measure.

• Fully observable environments are convenient because the agent need not 
maintain any internal state to keep track of the world. maintain any internal state to keep track of the world. 

• An environment might be partially observable because of noisy and inaccurate 
sensors or because parts of the state are simply missing from the sensor data—

• for example, a vacuum agent with only a local dirt sensor cannot tell 
whether there is dirt in other squares, and an automated taxi cannot see 
what other drivers are thinking.

• If the agent has no sensors at all then the environment is unobservable. 

• One might think that in such cases the agent’s plight is hopeless, but, as we 
discuss in Chapter 4, the agent’s goals may still be achievable, sometimes with 
certainty.



Crossword Puzzle

Copyright © 2019 by Wiley India Pvt. Ltd., 
4436/7, Ansari Road, Daryaganj, New Delhi-

110002



Crossword Puzzle Answer

Copyright © 2019 by Wiley India Pvt. Ltd., 
4436/7, Ansari Road, Daryaganj, New Delhi-

110002



Single agent vs. multiagent:

• The distinction between single-agent and multiagent
environments may seem simple enough. 

• For example, an agent solving a crossword puzzle by itself is 
clearly in a single-agent environment,

• whereas an agent playing chess is in a two agent environment
• For example, in chess, the opponent entity B is trying to maximize • For example, in chess, the opponent entity B is trying to maximize 

its performance measure, which, by the rules of chess, minimizes 
agent A’s performance measure. 

• Thus, chess is a competitive multiagent environment. 
• In the taxi-driving environment, on the other hand, avoiding 

collisions maximizes the performance measure of all agents, so it 
is a partially cooperative multiagent environment. 

• It is also partially competitive because, for example, only one car 
can occupy a parking space



Deterministic vs. stochastic

• If the next state of the environment is completely 
determined by the current state and the action executed by 
the agent, then we say the environment is deterministic; 
otherwise, it is stochastic.

• Taxi driving is clearly stochastic in this sense, because one 
can never predict the behavior of traffic exactly; moreover, 

having a random probability distribution or 
pattern that may be analysed statistically but 
may not be predicted precisely.

• Taxi driving is clearly stochastic in this sense, because one 
can never predict the behavior of traffic exactly; moreover, 
one’s tires blow out and one’s engine seizes up without 
warning

• The vacuum world as we described it is deterministic, but 
variations can include stochastic elements such as randomly 
appearing dirt and an unreliable suction mechanism

• We say an environment is uncertain if it is not fully 
observable or not deterministic



Episodic vs. sequential
• In an episodic task environment, the agent’s experience is SEQUENTIAL divided 

into atomic episodes.

• In each episode the agent receives a percept and then performs a single action. 

• Crucially, the next episode does not depend on the actions taken in previous 
episodes. 

• Many classification tasks are episodic.• Many classification tasks are episodic.

• For example, an agent that has to spot defective parts on an assembly line bases 
each decision on the current part, 

• regardless of previous decisions; moreover, the current decision doesn’t  
affect whether the next part is defective. 

• In sequential environments, on the other hand, the current decision could affect 
all future decisions.

• Chess and taxi driving are sequential: in both cases, short-term actions can have 
long-term consequences.

• Episodic environments are much simpler than sequential environments because 
the agent does not need to think ahead



Static vs. dynamic
• If the environment can change while an agent is deliberating, then we

say the environment is dynamic for that agent; otherwise, it is static.
• Static environments are easy to deal with because the agent need not

keep looking at the world while it is deciding on an action, nor need it
worry about the passage of time.

• Dynamic environments, on the other hand, are continuously asking the
agent what it wants to do; if it hasn’t decided yet, that counts asagent what it wants to do; if it hasn’t decided yet, that counts as
deciding to do nothing.

• If the environment itself does not change with the passage of time but
the agent’s performance score does, then we say the environment is
semidynamic

• Taxi driving is clearly dynamic: the other cars and the taxi itself keep
moving while the driving algorithm dithers about what to do next.

• Chess, when played with a clock, is semidynamic.
• Crossword puzzles are static.



Discrete vs. continuous:
• Discrete vs. continuous:

• Chess 
• Taxi Driving 

• The discrete/continuous distinction applies to the state of the 
environment, to the way time is handled, and to the percepts and 
actions of the agent.

• For example, the chess environment has a finite number of distinct • For example, the chess environment has a finite number of distinct 
states (excluding the clock).

• Chess also has a discrete set of percepts and actions. 
• Taxi driving is a continuous-state and continuous-time problem: the 

speed and location of the taxi and of the other vehicles sweep through a 
range of continuous values and do so smoothly over time.

• Taxi-driving actions are also continuous (steering angles, etc.).
• Input from digital cameras is discrete, strictly speaking, but is typically 

treated as representing continuously varying intensities and locations.



Known vs. unknown

• Strictly speaking, this distinction refers not to the 
environment itself but to the agent’s (or designer’s) state of 
knowledge about the “laws of physics” of the environment. 

• In a known environment, the outcomes (or outcome 
probabilities if the environment is stochastic) for all actions 
are given. are given. 

• Obviously, if the environment is unknown, the agent will 
have to learn how it works in order to make good decisions.

• Note that the distinction between known and unknown 
environments is not the same as the one between fully and 
partially observable environments

• Example Rover in Moon
• Example Rover in Cricket Stadium



Examples of task environments 
and their characteristics.
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Sensors Camera, sonar, GPS,

Speedometer, odometer,

accelerometer, engine

sensors, keyboard

extractor

Sensors camera, dirt detection 
sensor, cliff sensor, 
bump sensors, infrared 
wall sensors
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or inability to measure everything

that is needed

Model can keep track of what was

sensed previously, cannot be sensed

now, but is probably still true.

Often, if other agents are involved,

their intentions are not observable,

but their actions are

E.g chess – the board is fully

observable, as are opponent’s

moves.

some uncertainty associated with it

Uncertainty could come from

randomness, lack of a good

environment model, or lack of

complete sensor coverage

Strategic environment if the

environment is deterministic except

for the actions of other agents

Examples:

Non-deterministic environment:

physical world: Robot on
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Sequential if current decisions

affect future decisions, or rely on

previous ones

Examples of episodic are expert

advice systems – an episode is a

single question and answer

Most environments (and agents) are

sequential

Many are both – a number of

episodes containing a number of

continually changing. E.g. driving a

car
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The goal might also change over 

time

Not dynamic if the agent moves from 

one part of an environment to 

another, though it has a very similar 

effect

E.g. – Playing football, other players 

make it dynamic, mowing a lawn is 

static (unless there is a cat…), expert 

systems usually static (unless 

knowledge changes)

step. A stronger definition is that it

must sense and act

Competitive or co-operative Multi-

agent environments

Human users are an example of

another agent in a system

E.g. Other players in a football team

(or opposing team), wind and waves

in a sailing agent, other cars in a taxi

driver
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g
Medical 
diagnosi

s
No No No No No Yes

Crosswo
rd 

puzzle
Yes Yes Yes Yes Yes Yes

English 
tutor

No No No No Yes No

Image 
analysis

Yes Yes Yes No No Yes
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