ARTIFICIAL
INTELLIGENCE

From Fundamentals to Real-World Applications

Concepts, Machine Learning, Prompt Engineering,
Ethics, Emerging Technologies and Industry Applications

/
J

X 4 \ / \ / \
\ AGRICULTURE / \, EDUCATION ,"'/ \ TRANSPORTATION / RESEARCH /

e o - .4}4 i ~
¢t S8, = - : :
| LA e T AL A | - ‘E% )
i? \:') O/"‘ /3 oo > o | b - . ~ }_
‘. ‘/J CKT(NO G ;"‘: ST »;Lb/
Fundamental Machine Prompt Ethics & Emerging Real-World
Concepts Learning Engineering Responsibility Technologies  Applications

Dr. Thyagaraju G S




Contents

Chapter 1: Introduction to Artificial Intelligence

1.1 What is Artificial Intelligence?

1.2 How Does Al Work?

1.3 Advantages and Disadvantages of Al

1.4 History and Evolution of Al

1.5 Types of Al

1.6 Al vs Augmented Intelligence vs Cognitive Computing

1.7 Understanding Machine Learning
1.8 Machine Learning and Deep Learning Overview

Chapter 2: Machine Intelligence and Knowledge Representation

2.1 Defining Intelligence: Human vs Machine
2.2 Components of Intelligence
2.3 Agents and Environments in Al
2.4 Search in Al
2.4.1 Uninformed Search Algorithms
2.4.2 Informed Search Algorithms
2.4.3 Pure Heuristic Search
2.4.4 BestFirst Search (Greedy Search)
2.5 Knowledge Representation
2.5.1 Types of Knowledge
2.5.2 KnowledgeBased Agents

Chapter 3: Prompt Engineering for Al

3.1 Introduction to Prompt Engineering

3.2 Evolution of Prompt Engineering

3.3 Types of Prompts

3.4 How Prompt Engineering Works

3.5 Role of Prompt Engineering in Huni# Communication
3.6 Advantages and Challenges of Prompt Engineering
3.7 Future of LLM Communication

3.8 Instruction Prompt Technique

3.9 ZereShot Prompting

3.10 OneShot and Fewshot Prompting
3.11 SelfConsistency Prompting



3.12 Prompts for Creative Thinking
3.13 Prompts for Effective Writing
Chapter 4: Machine Learning Fundamentals

4.1 Al Techniques and ML Overview
4.2 Machine Learning Models

4.3 Regression Analysis in ML

4.4 Classification Techniques

4.5 Clustering Techniques

4.6 Naive Bayes Classification

4.7 Neural Networks in Al

4.8 Support Vector Machines (SVM)

Chapter 5: Trends and Ethical Concerns in Al

5.1 Al and Ethics: Challenges and Risks
5.2 Al as a Service (AlaaS)

5.3 Recent Trends in Al

5.4 Expert Systems

5.5 Internet of Things (IoT) and Al

5.6 Artificial Intelligence of Things (AloT)

Chapter 6: Robotics and Applied Al

6.1 Robotics as an Application of Al
6.2 Al-Powered Drones

6.3 NoCode Al Platforms

6.4 LowCode Al Platforms

Chapter 7: Al Across Industries and Applications

7.1Al in Healthcare
7.2Al in Finance
7.3Al in Retail

7.4 Al in Agriculture
7.5Al in Education



7.6 Al in Transportation
7.7 Al in Experimentation and Multidisciplinary Research

Chapter 8 : Learning Resources

8.1 Key Textbooks and References
8.2 Recommended Online Resources and Courses
8.3 Al Tools and Platforms for Beginners

About the Author

Dr. Thyagaraju G. S is a Professor and Head of the Department of Computer Science and
Engineering at SDM Institute of Technology, Ujire, Karnataka, India. He has more Xhan 2
years of teaching experience in Computer Science, along with extensive experience in Atrtificial
Intelligence, Machine Learning, Contektvare Computing, Data Science, Internet of Things

and emerging intelligent technologies.



He holds a B.Sc., M.Sc., M.Tecln Computer Science and Technology, and Ph.D. in
Computer Science and Engineering from institutions in Karnataka. His doctoral research
focused on AContext Aware Computing for Ub
Artificial Intelligence as the resezr domain. His research involved designing algorithms and
developing contexsensitive recommendation systems for applications such as mobile phones

and interactive television using approaches includingbated systems, Bayesian networks,

rough set thery and decision tables.

His academic and professional development has also included specialized learning in Atrtificial
Intelligence, Data Science, Machine Learning, Python, Deep Learning, Quantum Computing,
Quantum Algorithms and Cryptography. His certifications and advancewingainclude
programs from NPTEUIT, IBM Cognitive Class, Coursera, SWAYAM and Udemy, covering
areas such as Machine Learning, Data Science, Python, Quantum Computing, Deep Learning
and Agentic Atrtificial Intelligence.

Dr. Thyagaraju has actively contributed to Al and emerggotinology education as a resource
person, workshop instructor, technical speaker and fadelglopmenprogram expert. He

has conducted and delivered sessions on topics inclietigon for Machine Learning,
Machine Learning using Python, Introduction to Al, Linear Algebra for Al, Data Science and
Machine Learning, Design Thinking for Al and ML, Artificial Intelligence and Blockchain,
Data Analytics using Python, Quantum Computi@gnerative Al and Abased researciHe

has also served as a session chair at the 2025 IEEE International Conference on Emerging
Trends in Computing and Communication (ETCOM).

His research interests have evolved from Cortaxare Computing and Contextual Artificial
Intelligence toward emerging areas such as Quantum Artificial Intelligesmed Agents
(Quantum Minds). His research and publications cover a broad range -Hla&d
applications, including contexware recommendation systems, healthcare Al, agriculture,
loT, smart homes, privacy and security, deep learning, computer vision, autonomous systems,
generative Al, Al agents and intelligent educational applicationscutirsculum vitae records

66 research publications, including international journal and conference publications, with
several appearing in Scopumlexed and Web of Scienaadexed venues.

His recent research activities demonstrate his continued engagement with contemporary Al.
These include work on Abased disease mapping for Arecanut, diabetic retinopathy detection
using Al and deep learning, Alowered career guidance, deepfake detec#dragents for
business applications, handwritten anse@ipt evaluation, and Apowered yoga posture
detection and personalized wellness insights.

He has also contributed to applied Al and interdisciplinary projects. Projects carried out under
his guidance include machitearningbased disease mapping, a deeprainetworkbased



selfdriving toy car, and crofield monitoring systems. His patents include innovations related
to 10T, Machine Learning and Al for healthcare data management, dras&éd coconut
scraper, and an Al and clotdsed public security camera device.

Dr. Thyagaraju is also an author of books in the areas of Cefteatte Computing, C
Programming and Data Structures, and Python Programming, and has contributed a book
chapter on the role of Generative Al in the Internet of Things.

Alongside teaching and research, he has undertaken academic leadership responsibilities as

Professor and Head of the Department of Computer Science and Engineering and has served
in academic curriculurelated roles, including as a VFhbminated Board of Studies
member. He also serves as a reviewer for international journals, including Ejserneis in

Artificial Intelligence and Applied Soft Computing.

With a strong combination of teaching, research, academic leadership, practical
experimentation and lifelong learning, Dr. Thyagaraju brings a multidisciplinary perspective
to Artificial Intelligence. His work reflects a continuing interest in connectimglamental Al
concepts with emerging technologies and meaningfulwedd applications.

This book Atrtificial Intelligence: From Fundamentals to Realorld Applicationsrepresents

this approach building Al understanding progressively from its foundations and machine
intelligence to Machine Learning, Prompt Engineering, Ethics, Emerging Technologies,
Robotics and Industry Applications. It is intended to serve as a gahetnd conceptual
learning resource for students, educators, researchers, professionals and anyone interested in
understanding the rapidly evolving world of Artificial Intelligence.

AThe journey of Artifici
I

al I ntelligence i s n
expanding human capabi t

ity through responsib



Preface

Artificial Intelligence (Al) has evolved from a subject of scientific research into one of the
most influential technologies of the modern digital era. From intelligent search engines and
recommendation systems to generative Al, autonomous vehicles, leadttcare, robotics

and scientific discovery, Al is increasingly becoming part of everyday life. Its influence
extends across education, business, healthcare, finance, agriculture, transportation,
manufacturing, research and many other fields.

The rapid development of Al has also changed the way we understand intelligence, learning
and humanmachine interaction. Modern Al systems are no longer limited to following
predefined instructions. They can learn from data, recognize patterns, genetaig, coake
predictions, interact using natural language and assist humans in solving complex problems.
As a result, understanding Al has become important not only for computer science
professionals but also for students, educators, researchers, entepr@me professionals

from diverse disciplines.

The bookKArtificial Intelligence: From Fundamentals to ReaWorld Applications with the
subtitleConcepts, Machine Learning, Prompt Engineering, Ethics, Emerging Technologies
and Industry Applications has been developed to provide a structured and accessible
introduction to this rapidly evolving field. The book is designed especially for beginners and
learners who want to understand both ftinedamental concepts of Al and its practical
applications.

The book begins with the foundations of Artificial Intelligen@hapter 1 introduces the
meaning, working principles, advantages, limitations, history and evolution of Al. It also
explains different types of Al and distinguishes Al from related concepts such as augmented
intelligence and cognitive computing. The chapter coregualith an introduction to machine
learning and deep learning, providing the foundation for subsequent chapters.

Chapter 2 exploresMachine Intelligence and Knowledge Representatiarit introduces the
concept of intelligence from both human and machine perspectives and discusses agents,
environments, search techniques and knowledge representation. Uninformed and informed
search, heuristic search, B&stst Search and knowleddmsedagents are introduced to help
readers understand how intelligent systems represent knowledge and solve problems.

One of the most important developments in modern Al is the ability of humans to communicate
with Al systems using natural languag€hapter 3, therefore, focuses oPrompt
Engineering for Al. It introduces the evolution and importance of prompt engineering,
different types of prompts, instruction prompting, zehot, oneshot and fewshot prompting,



selfconsistency and prompts for creative thinking and effective writing. The chapter helps
readers understand prompt engineering as an important fdromani Al communication.

Chapter 4 introduces the fundamentalsiachine Learning. It covers important Al and ML
techniques, machine learning models, regression, classification, clustering, Naive Bayes,
neural networks and Support Vector Machines. The emphasis is on developing a conceptual
understanding of how machines learn patterosifdata and use those patterns for prediction
and decisiormaking.

Al is not only a technological discipline; it also has significant social, ethical and organizational
implications. Chapter 5, titled Trends and Ethical Concerns in Al addresses these
dimensions. It discusses ethical challenges and risks, Al as a Service, recent Al trends, expert
systems, the Internet of Things, and Artificial Intelligence of Things (AloT). These topics help
readers understand how Al is becoming insmegly integrated with cloud computing,
connected devices and intelligent systems.

Chapter 6 moves from concepts tRobotics and Applied Al. It examines robotics as an
application of Al, Alpowered drones, and emerging approaches such@sleand lowcode

Al platforms. These technologies demonstrate how Al capabilities can increasingly be
developed and deployed without requiring every usebecome an expert programmer or
machine learning specialist.

The final chapter,Chapter 7, explores Al Across Industries and Applications It
demonstrates the practical impact of Al in healthcare, finance, retail, agriculture, education and
transportation. It also discusses Al in experimentation and multidisciplinary research, showing
how Al can support scientific discovery, data analygsediction, optimization and
collaboration across different disciplines.

A key theme running throughout this book is tA&tshould be understood as a tool for
augmenting human intelligence rather than merely replacing human effort Al can
process enormous quantities of data, identify patterns, automate repetitive activities and
provide recommendations at remarkable speed. However, human judgement, creativity, ethics,
contextual understanding and responsibility remain essential.

The book also recognizes that Al brings challenges alongside opportunities. Issues such as
bias, privacy, security, transparency, explainability, reliability, responsible use and the
changing nature of employmentmust be considered when developing and applying Al
systems. Understanding these concerns is essential for creating Al technologies that are
trustworthy, inclusive and beneficial to society.



The organization of the book follows a gradual learning journey:

Understand Al Y Understand Machine Intellige
from Data Y Understand Ethics and Emerging
RealWorld Impact

The intention is not to make the reader an expert in every Al technology after reading the book.
Rather, the objective is to providei@mong conceptual foundation, practical awareness and
curiosity for further exploration . Examples, applications and explanations are included to
connect theoretical concepts with reairld situations.

As Al continues to evolve rapidly, some tools, platforms and applications will inevitably
change. Therefore, this book emphasiZzesmdamental concepts and transferable
understandingthat can remain useful even as individual Al technologies evolve.

| hope this book serves as a useful learning companiostddents, teachers, researchers,
professionals and anyone interested in understanding Artificial Intelligence More
importantly, | hope it encourages readers not merely to use Al, but to think criticallyhawout
Al works, where it can be applied, what its limitations are, and how it can be used
responsibly.

The future of Al will not be shaped by technology alone. It will be shaped by the people who
design it, teach it, research it, deploy it and use it.

Al is not simply about making machines intelligent; it is about using intelligence
responsibly to create meaningful solutions for humanity.



WHAT IS AI?

Al is the simulation of
human intelligence in
machines that are
programmed to think,
learn, reason, and solve
problems.

Al: ADVANTAGES & DISADVANTAGES

ADVANTAGES |

DISADVANTAGES

€ High cost
© Job displacement

@ High accuracy
@ 24/7 availability

@ Handles dangerous
tasks

€ Lack of creativity
€ Privacy concerns

I ffici
@ Incewes sficianey € Dependence on data

@ Data-driven
decisions

HISTORY & EVOLUTION OF Al

@

[
1950s 1960s-70s 1980s-90s 2000s 2010s-Now
Birth of Al Early Al Expert Systems  Machine Learning Deep Leaming
(Turing Test) Programs & Al Winter Emerges & Modern Al
LEVELS OF Al
REACTIVE LIMITED THEORY OF SELF-AWARENESS
MACHINES MEMORY MIND Has consciousness
No memory, Uses past Und ds and self
only reacts to experiences to emotions, beliefs
current situations. make better and intentions
decisions. of others.

MACHINE LEARNING

Machines learn from data
and improve over time
without explicit
programming.

m\ INTRODUCTION TO

) ARTIFICIAL
INTELLIGENCE

———=o UNDERSTANDING THE INTELLIGENCE BEHIND e—
INTELLIGENT MACHINES

HOW DOES Al WORK?
@ Sense
f
2[:]5 Process
4
gg Learn
¥
&& Decide
4
@)
@ ¢ Act
7 TYPES OF Al
WEAK Al STRONG Al

8;

Designed to perform Possesses human-like
specific tasks. intelligence and
(Narrow Al) consciousness.

e.g., Siri, ChatGPT (Not yet achieved)

Al vs AUGMENTED INTELLIGENCE
vs COGNITIVE COMPUTING

(@)

ARTIFICIAL
INTELLIGENCE

Machines perform
tasks on their own
using algorithms
and data.

MACHINE LEARNING & DEEP LEARNING OVERVIEW

DEEP LEARNING

A subset of ML using
neural networks with

multiple layers to learn

complex patterns.

2 ¢3

AUGMENTED COGNITIVE

INTELLIGENCE [ COMPUTING

Al assists humans Systems that think
like humans using

by augmenting
their capabilities ‘
and decisions.

reasoning, context,
and experience.

APPLICATIONS

Image Recognition

Speech Recognition

Natural Language Processing
Autonomous Vehicles
Healthcare, Finance & More

ERIROECYC)



(1.1 WHAT IS ARTIFICIAL INTELLIGENCE? |

~

« Branch of computer science that creates machines
or systems capable of performing tasks that
normally require human intelligence.

* Makes intelligent agents that perceive their

environment, learn from data, reason, and take

actions to achieve goals.

Unlike traditional software, Al adapts, reasons

and solves problems in changing situations.

The term "Artificial Intelligence” was first coined

by John McCarthy as the science and engineering

of making intelligent machines.

Al'is both:

- A Science (to study and understand intelligence)

~ An Engineering Practice (to build machines that can act
intelligently)

J

1

1.4 HISTORY AND EVOLUTION OF Al

O 1950
=

@ 1960s-70:

I 1980s-90s Al Winter - Limited funding
|

and progress.
@ 2000s
4 p‘ Future
Dt

Birth of Al - Turing Test,
early Al ideas.

s Early Al - Symbolic Al,
rule-based systems, expert systems.

Machine Learning - Data-driven
approaches.

2010s-Now Deep Learning — Neural networks,
big data, cloud computing
revolutionize Al.

More human-like Al, automation,

[ 1.3 ADVANTAGES AND DISADVANTAGES |

OF Al

[b Advantages

High accuracy

24/7 availability

Handles dangerous tasks

Increases efficiency and productivity
Data-driven decisions

Solves complex problems

Handles large-scale data quickly

1.2 HOW DOES Al WORK?
« Works through an intelligent agent that interacts
with an environment in a continuous loop.
Perceive (Sense)
@ Collects data from sensors 1=
or input sources. )
L 2 ™)
Process
# Interprets and analyses data
using algorithms and models.
¥ Feedback
Learn e o
Improves from experience
or data using ML/DL algorithmsy
¥ N
Decide
% Chooses the best action
to achieve goals. )
2 N
Act
S Performs action in the physical e’
or digital world. )
Environment

The world in which the agent operates
and which is affected by its actions.

CHAPTER 1

INTRODUCTION TO
ARTIFICIAL INTELLIGENCE

Building intelligent agents that perceive,

Disadvantages

High cost

May lead to job displacement

Lack of creativity

Lack of emotions and common sense
Privacy and security concerns
Dependence on data

Potential for misuse

No moral judgment

1

(1.5 TYPES OF Al:
WEAK Al vs STRONG Al

Weak Al (Narrow Al) Strong Al (General Al)

3

« Designed to perform Possesses human-like
a specific task. intelligence.

 Limited to a narrow domain. Can understand, learn,

« Examples: Siri, Alexa, reason and perform any
ChatGPT, self-driving cars. intellectual task.

« Most Al systems today Not yet achieved. ‘
belong to this category. Afuture goal in Al research. |

.

2

autonomous systems. :
! i learn, reason and act to achieve goals. F—( 1.6 LEVELS OF Al
J - = /
Reactive Limited Theory of .
/ \ Machines Memory Mind ‘ s ‘
1.7 Al vs AUGMENTED INTELLIGENCE g @ ‘ &
vs COGNITIVE COMPUTING
[ ifici it Only reacts Uses past L Has self
A(1|ﬁ0|al Augmented Cogn‘ltlve to currentinput. | datatomake | humanemotions, | and cansciousness.
Intelligence (Al) Intelligence (Alg) Computing (CC) Nomemory. | decisions. | beliefs and
intentions.
@ ﬁ Qg) Example: Example: Example: Example:
| IBM Deep Blue | = Self-driving Not yet Not yet
‘ o Machines performtasks || o Al assists humans o Systems that think like (chess) cars achieved ?é'::fr‘fgoal)
on their own. in decision-making. humans. \ f— )
|  Focuses on automation o Enhances human o Understands natural >
and problem solving. intelligence and supports language, context and 1.8 MACHINE LEARNING AND DEEP LEARNING OVERVIEW
‘ o Learns from data and better decisions. C(?mplex. data. : : 57 : |
12 5  Aims to interact naturally Machine Learning (ML) Deep Learning (DL)
makes decisions. * Humans remain in control. Jike humans [l[] e
¢ ; s i . t in
® Exam_ples: self-driving s E“F“P'GS: Alinhealthcare | Examples: IBM Watson, m'n"m?ve'ma'a mﬁusemmm:ﬂ )
cars, image recognition. assisting doctors, smart virtual assistants, without being explicitly * Leams compiex pattems
tutoring systems. leqal h : programmed. from large volumes of
legal research systems. o Uses algorthms tofind unstructured data.
‘ pattems and make predictions. o Reauires high computing power
\ « Examples: email spam detection, (Em;"zm recogpiion
\ recommendation systems, 2 el J
fraud detection. ! spoech recogrition. ILF.

N

( 6A. REAL-WORLD APPLICATIONS OF ML

Anomaly detection — detect unusual patterns

House price prediction — estimate property prices

3
@
g

Credit scoring - evaluate credit risk

6B. REAL-WORLD APPLICATIONS OF DL

GO+90

B Email spam detection — classify emails @ Image recognition — recognize objects
||| Predictive analytics in finance - predict trends E Image classification - classify images
'E Recommendation systems - suggest products o)  Speech recognition - convert speech to text
&8, Market basket analysis — discover item patterns g:;ug;zlr\erate i tle;t_ Herstond

Self-driving cars — perception, object detection
Medical image analysis — analyze X-rays, CT scans, MRIs
Video understanding - analyze video content

Chatbots / Generative Al - generate human-like text

chatbats, autonomous vehicies. )

(7. KEY TAKEAWAYS

.

ML enables machines to learn from data and improve
without being explicitly programned.

DL is a powerful subset of ML using deep neural
networks to leam complex pattems.

Al, Alg and CC have different purposes but
complement each other.

Together, they are transforming industries and
improving human life.

SUMMARY

Alis about creating intelligent agents that perceive,
learn, reason and act. It is transforming the world
through automation, data analysis and smart
decision-making.

(

MORE DATA + BETTER ALGORITHMS + MORE COMPUTING POWER

A SMARTER, BRIGHTER TOMORROW




require human intelligence.

actions to reach a goal.

problems in changing situations.

intelligent machines.
o Therefore, Al is both:

)

(1. WHAT IS ARTIFICIAL INTELLIGENCE? |

Al is a branch of computer science that creates machines
or systems capable of performing tasks that normally

e Involves making intelligent agents — machines that can look at their
surroundings, process information, learn from experience, and take
o Unlike traditional software, Al systems can adapt, reason and solve

o The term “Artificial Intelligence’ was first explained by
John McCarthy (1956) as the science and engineering of making

- A Science (to study and understand intelligence)
- An Engineering Practice (to build machines that can act intelligently)

@ &

(2. HOW DOES Al WORK?

Al works through an intelligent agent that interacts with its
environment in a continuous loop.

1. Perception (Sense)
Observes the environment
through sensors or input data
and collects raw information.

Example:

Self-driving car uses
cameras, radar and
sensors to collect

data about the road,
traffic and pedestrians.

2. Processing Information
Processes collected data to
understand the surroundings,
identify patterns, and extract
relevant signals for decision-making.

( Example:

~

Traffic light is red, green ‘
or yellow. Al detects

if a pedestrian is crossing
and identifies objects

in the scene.
X J
= -
3. Learning Example:
Improves decision-making over Learns from thousands
time by learning from past of driving scenarios

experiences or large datasets.
Uses techniques like Neural Networks |
for self-improvement.

to recognize patterns
and improve behaviors.

|
)

N\
HUMAN INTELLIGENT LEARN REASON & SOLVE = v g =
INTELLIGENCE AGENTS PROBLEMS 4. Action | Example: |
- 3 Takes appropriate actions in The car slows down ‘
the physical or digital world when the light tums red |
to achieve goals. or changes lanes to
7 ~ L L avoid an obstacle.
INTRODUCTION TO — 3
/&
ARTIFICIAL
The external world that generates | Road, traffic, pedestrians,
I NTE L L I G E N c E new situations and is affected weather and other vehicles. |
by the agent's actions. |
= x 4
z 5 Feedback from Environment J
L3 i

v

N

(

3. ADVANTAGES AND DISADVANTAGES OF Al

7

]

~

) ADVANTAGES

High Accuracy: Can process large
amounts of data quickly and reduce
human errors.

©]
&
VAN
all

B
%

24/7 Availability: Work continuously
without fatigue or breaks.

Handles Dangerous Tasks: Can perform
risky or hazardous tasks (e.g., mining,
space exploration, disaster response).

Increases Efficiency: Automates
repetitive tasks and completes work
faster, saving time and resources.

Data-driven Decisions: Analyses data
and finds patterns to help in better
decision-making.

Handles Large-scale Data Quickly:
Can analyze huge datasets at speeds
beyond human capability.

)

® DISADVANTAGES

High Cost: Development, training
and maintaining Al systems require
significant resources and investment.

Job Displacement: Automation
may replace certain human jobs,
leading to unemployment in some
sectors.

Lack of Creativity: Al follows patterns
in data but cannot think outside
the data to create truly original ideas.

No Emotions or Empathy: Al lacks
human feelings, understanding
and emotional intelligence.

Privacy Concerns: Al systems
collect and use large amounts of
personal data, raising security risks.

Dependence on Data: Performance
depends on the quality and quantity
of data; biased data can lead to
biased results.

1

REAL-LIFE EXAMPLES 1

Self-driving cars
Voice assistants (Siri, Alexa, Google Assistant)

Recommendation systems
(Netflix, YouTube, Amazon)

Fraud detection in banking
Medical diagnosis systems

Alin agriculture, industry and scientific research

RE8BpHed o

f @ WHY AIIS IMPORTANT? |
o Helps organize and analyze large amounts of data.

o Enhances decision making and problem solving.

o Enables automation and efficiency.

e Supports innovation and new discoveries.
* Bridges the gap between data and intelligent action.
J

INTELLIGENT MACHINES —> REAL-WORLD SOLUTIONS — A BETTER TOMORROW

)




1. 1950s: BIRTH OF Al -
TURING TEST & EARLY IDEAS

o Alan Turing (1950) proposed the idea
@ of thinking machines.

o Introduced the famous Turing Test.

o Early researchers explored the
possibility of creating intelligent
machines.

o Laid the foundation for Al research.

2. 1960s-70s: EARLY Al -
SYMBOLIC Al, RULE-BASED SYSTEMS,
EXPERT SYSTEMS

E o Al programmed using logical puzzles

and mathematical problem solving.
o Use of symbolic reasoning and rules.

o Development of early expert systems
that captured human expertise.

o Examples: MYCIN, DENDRAL.

3. 1980s-90s: Al WINTER -
LIMITED FUNDING AND PROGRESS

o High expectations but limited
results.

o Lack of powerful hardware
and large data.

o Al faced reduced funding
and slower research progress.

m

OVERVIEW

o The history of Al is a journey of
ideas, breakthroughs, challenges
and continuous progress.

e |t has evolved from simple rule-
based systems to intelligent
machines that can learn, reason
and act like humans in many ways.

o Al continues to transform the world
and solve complex problems.

4. 2000s: MACHINE LEARNING -
DATA-DRIVEN APPROACHES

o Shift from rule-based systems to
learning from data.

automatically.

o Growth of data, better computers
and new techniques boosted
Al performance.

« Development of algorithms that learn

HISTORY
AND
EVOLUTION
OF Al

A JOURNEY FROM IDEAS
TO INTELLIGENT MACHINES

v

( 5. 2010s-NOW: DEEP LEARNING -
NEURAL NETWORKS & BIG DATA

» Deep learning using multi-layer
neural networks revolutionized Al.

 Big data and powerful hardware
(GPUs) led to huge advancements.

o Breakthroughs in image recognition,
speech recognition, NLP and more.

e Alis now part of everyday life.

( 6. TRANSFORMERS, FOUNDATION
MODELS & GENERATIVE Al
(Mid 2010s-Now)

o Transformers changed the way Al
understands language and content.
o Large pre-trained models
(e.g., GPT, BERT, DALL-E) trained
on massive data.

o Generative Al can create text,
images, code, music and more.
 Foundation models enable a wide

range of applications.

( 7. MULTIMODAL Al & LARGE
LANGUAGE MODELS (Recent Years)

SROID

o Al can understand and work with
text, images, audio, video and code
together.

o Large Language Models (LLMs) show
human-like capabilities.

o Used in chatbots, virtual assistants,
education, healthcare, business and more.

o

~

FUTURE DIRECTIONS OF Al

o Alfor Science: faster discovery in
medicine, materials and climate research.

o Agentic Al: autonomous systems that
can plan, act and learn.

o Responsible Al: focus on fairness, safety,
privacy, ethics and trust.

o Quantum computing, neuromorphic
computing and Human-Al collaboration
to solve global challenges.

IMPACT OF Al EVOLUTION

"y ADVANTAGES

A DISADVANTAGES

improve life and solve real-world problems.

Create intelligent systems that can perceive, reason, learn and act to

b' IN SUMMARY

systems that leam, reason and create. With continuous
advancements in data, algorithms and computing power,
Al will play a vital role in building a smarter, safer and more
sustainable future.

Healthcare - better diagnosis i i

@ and personalized treatrr?ent W/ {Gokvesconglel Pr'oblems % :Igh ldevt:lopment an(i co;r;pt:tanonal v
. : v/ Automates repetitive tasks X Requires large amounts of data

Transportation — autonomous vehicles 4 v May lead to iob displ
2 avisnat mobility V' Increases efficiency and productivity X May lead to job displacement

Industry - automation, robotics +/ Learns from data and improves over time X  Biasin data can lead to unfair results
and smart manufacturing W Enables new innovations and services X Lacks common sense and human emotions
@ Education - personalized learning v/ Works at large scale X Raises privacy and security concerns

and _Sman cla§srooms . + Transforms industries and improves X Canbe misused (e.g., misinformation,
@ Business & Finance - fraud detection, quality of life malicious use)

trading and analytics

s
~

@ OVERALL GOAL Al has evolved from simple rule-based programs to intelligent

IDEAS -> ALGORITHMS -> DATA -

INTELLIGENCE -

A BETTER TOMORROW J
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OVERVIEW

o Al systems are designed to perform
tasks with varying levels of intelligence.

® Al can be classified into two major types
based on their capabilities.

o |t can also be understood in terms of
levels of development.

(' CLASSIFICATION OF Al |

K

~
[ Based on Capabilities ]
(Type of Al)
o Narrow (Weak) Al
« General (Strong) Al
e SuperAl

Designed to perform a specific
or narrow range of tasks.
Also called Weak Al.

o Cannot perform beyond its
trained scope.
o Operates based on predefined
rules or learned patterns.
* Most Al systems today belong
to this category.
[ Key Points
o Focused on perticular tasks.
o Does not possess self-awareness
or understanding.
| o Performs well within a limited domain.

[ Examples |

Y

() &

1. NARROW (WEAK) Al
Designed to perform a specific task

i

TYPES OF Al

From Narrow to Super Intelligence

2. GENERAL (STRONG) Al
Possesses human-like intelligence

Possesses human-like intelligence

across a wide range of tasks.

o Also called Strong Al.

o Can understand, learn, reason
and apply knowledge in different
domains like humans.

* Not yet achieved.

* Would have general reasoning,
understanding, learning and
adaptation.

* Can transfer knowledge from

one domain to another.

( Key Points
« Not yet achieved.
* Would have human-level intelligence.

o (Can learn, reason, solve novel
problems and adapt to new situations.

{ Based on Development

D

]

(Type of Machines)

Reactive Machines
Limited Memory
Theory of Mind
Self-Awareness

3. SUPER Al
Intelligence that surpasses humans

(

Intelligence that surpasses

human intelligence in almost

every possible way. ‘
Able to perform any intellectual

task better than humans in every field.

» Purely a future concept, not yet real.
o Could innovate, create, and solve

problems beyond human capability.

o May lead to massive positive

or negative impacts on humanity.

Key Points

o Purely a future concept.

e Surpasses human intelligence.
o (Can solve global challenges

(e.g., climate change, disease, energy).
May create new technologies
beyond human imagination.

Voice Assistants Recommendation  Self-driving Cars .
(Siri, Alexa, Systems (Task: Navigation S
Google Assistant) (Netﬁlx YouTube) & Driving) = ~
g AV
O : : 5.
a@r Al that can adapt Al virtual assistant Al that can solve A virtually conscious
= to any domain with human-like global challenges and self-improving
Spam F"‘,T’S Fraud Del‘:?c“"“ Image Recognition environment like learning ability like climate change, intelligence
injEmay in Banking Systems humans across all subjects disease and energy
LEVELS OF Al (Based on Development)
-
1. REACTIVE MACHINES 2. LIMITED MEMORY 3. THEORY OF MIND 4. SELF-AWARENESS
e Onlyreacts tocurrentinput. [~ e Uses past experiences —P o Understands human emotions, | ¢ Has self-awareness
o No ability to learn from to make better decisions. beliefs and intentions. and consciousness.
past experiences. e Can store limited data o Can interact socially * Can make independent
« Example: IBM Deep Blue for short-term use. like humans. decisions. ;
(chess program) « Example: Self-driving cars, « Not yet achieved * Not yet achieved
L recommendation systems | (under research). (future possibility).
‘ i
@ QUICK COMPARISON ) ﬁ KEY TAKEAWAY @ GOAL OF Al
Performs Specific ~ Human-like Surpasses ® Al ranges from narrow systems that - ———————~
Type / Level | Status
Tasks Intelligence | Human Ability gzsr:gt;:; Z;"rgf?ﬁ&a's’r?’ égl\llr:ellehagrenmreason. To build intelligent systems that
P ada, andg ac! e humans.
Narrow Al Yes No No Achieved + The iEveis ot Al show the path of can perceive, learn, reason,
General Al Yes Yes No Not yet achieved developmantfiom simplereacton adapt and act to solve real-world
i h ial f i i
swh e No | v | Mietmhmed || Anssie potentaiougsiomtheword || problems and improve e
( FROM TODAY’S NARROW Al — TO0 TOMORROW’S SUPER Al — A SMARTER, SAFER, BETTER WORLD J




Al vs AUGMENTED INTELLIGENCE (Alg)
vs COGNITIVE COMPUTING (CC)

Three different approaches to intelligence and decision-making

X

X

¥

A 4

v

ARTIFICIAL INTELLIGENCE (Al) ]

Machines perform tasks on their own

[ AUGMENTED INTELLIGENCE (Alg) ]

Al assists humans in decision-making

COGNITIVE COMPUTING (CC)

Systems that think like humans

OVERVIEW

o Al systems perform tasks
that normally require
human intelligence.

o They are designed to automate
tasks and solve problems using
algorithms and data.

o All three aim to solve problems
and improve outcomes, but
work in different ways and
serve different goals.

MAIN FOCUS

Automation of tasks that
normally require human
intelligence.

ROLE OF HUMAN

Humans design, train and
deploy Al systems with

OVERVIEW

o Al assists humans in
decision-making by
augmenting human capabilities.

o [t enhances human intelligence
and supports better decisions.

o Humans remain in control, using
Al as a tool to provide insights,
assistance and suggestions
for decisions.

MAIN FOCUS

Enhancing human intelligence
and supporting better decisions.

ROLE OF HUMAN

Humans remain in control.

Al provides insights, suggestions
and assistance for humans to

OVERVIEW

o Cognitive Computing systems
think like humans.

o They use advanced Al
technologies (e.g., NLP, machine
learning) to understand complex,
unstructured data.

o Designed to learn from context

and experience, reason, and
interact naturally like humans.

MAIN FOCUS

Understanding, reasoning and
learning from complex,
unstructured data like humans.

ROLE OF HUMAN

Humans collaborate with the
system. The system can
understand natural language,

minimal human involvement decide. learn from questions and interact
during operation. continuously.
KEY CAPABILITIES KEY CAPABILITIES ——  KEY CAPABILITIES
o Learn from data @ e Understénq data and conte@ ~— o Natural language understanding
e Recognize patterns % |Brovide jrsighns and eeploniations . y o Context-aware reasoning
i o Support decisions in real-time
o Make predictions 5 o Handles unstructured data
o Automate decisions and actions o Enable human + machine (text, speech, images, etc.)
k collaboration o Learns continuously from
e Improve over time interactions
o Explains reasoning and interacts
EXAMPLES EXAMPLES fike Flimasis
< 9 ® < g
y (LI gy
Self-driving Voice Recommendation Alin healthcare ~ Smart tutoring Intelligent X 2 D @
cars a§§istants systems assisting doctors systems dgshboards_ for
(Siri, Alexa) (Netflix, YouTube) business decisions 1BM Watson Virtual assistants Document
- with natural understanding
o) o) conversation systems
ol X 822 5ts =
d Fraud . Medical Email Human-Al ~
etection image analysis suggestion tools collaboration systems Al for legal research Customer support
chatbots
S
S
KEY DIFFERENCES IN SHORT D SUMMARY
Aspect Al Alg | cc 5 o Al focuses on automation,
Augment human Understand and - performing tasks independently.
Purpose | Automataitasks | intelligence | reason like humans ~ o Augmented Intelligence focuses
Minimal : Human-system on empowering humans by
Human Rols | involvement Humans n control | Cob St on o providing intelligent support.
Structured + Unstructured data e Alworks for us o Cognitive Computing focuses
Data Type Structured data | some unstructured | (text, speech, images) (automates tasks). on understanding, reasoning
o ’ Supports human Learns, reasons o Alg works with us and learning like humans using
Decision Making | By the system i ; : context and experience.
[ | decisions and interacts (assusts and augments). & P! )
. From data From data and From data, context S 2
Learning Approach patterns human feedback and experience e CC thinks with us ‘d , OVERALL GOAL
[ ' Ve (understands, reasons To build intelligent systems that can
Eiiioles Self-driving cars, | Al in healthcare, e ét’ s?jn. / and interacts). perceive, learn, reason, adapt and act
P fraud detection | smart tutoring Chalieis, cocumen to solve real-world problems and
understanding 3 >
improve life.
— S N =

INTELLIGENT TECHNOLOGIES + HUMAN INTELLIGENCE = A SMARTER TOMORROW




" 1. UNDERSTANDING MACHINE
LEARNING (ML)

e Machine Learning is a subset of Artificial
Intelligence.

o Enables systems to learn from data, identify
patterns and make decisions without being
explicitly programmed.

* Learns from experience (data) and improves
over time.

e Uses statistical models and algorithms to
learn patterns and relationships.

e (an be applied to various real-world problems.

@J

“Learn from data
Adapt to new situations

[ 5. RELATIONSHIP: Al - ML —> DL |

anl

Improve over time”

[ 2. TYPES OF MACHINE LEARNING |
| 2.1 SUPERVISED LEARNING \
o Trains on labeled data

(input with correct output).
o Learns a mapping from input ‘

Intelligence (Al)
Learning (ML)

Deep
Learning (DL)

Artificial

machines.

Machine

networks.

(bLc ML c A |

Al is the broad field
of creating intelligent

ML is a subset of Al
that enables systems
to leam from data.

— DLis a subset of ML
that uses deep neural

DEEP LEARNING (DL)

MACHINE LEARNING (ML)
&

OVERVIEW

P
4. MACHINE LEARNING &
DEEP LEARNING OVERVIEW
Machine Learning Deep Learning
Mot My oy
Subset of ML using
Learns patterns from
Definition data and makes deep heural networks
cedichions to learn complex
P pattems
. Works well with small  Needs large
Data Requlrement to medium datasets =~ amounts of data
. Requires manual Automatically
Feature Engineering o o engineering | leamns features
Linear Regression, Neural Networks,
Algorithms Decision Trees, SVM, | CNN, RNN,
KNN, Naive Bayes Transformers
| . Requires high
Can run on normal 3
Computing Power computing power
computers ’ (GPUS/TPUS)
Spam filter, | Image recognition,
Examples Recommendation | Speech recognition,
system, Credit scoring | Self-driving cars

ML WORKFLOW

1. Collect Data
(Gather and understand data)

S

to output. -k 717 s
« Used for prediction 5 % 2. Prepare & Clean Data
and classification. I o (Handle missing values,
Examples: [ \—‘_o preprocess data)
o Email spam detection ‘
* Image classification 2
o House price prediction - % Ig?‘del “ Tlm"f i Feedback
o Medical di 3 EH  (Choose algorithm an (New data
! edical diagnosis train model) helps the model
— = 5 improve)
| 2.2 UNSUPERVISED LEARNING 6A. REAL WORIZD ,Af PLIC,ATI%S OF ML i l i
; : ; : . Evaluate & Test
3 | - |
« Trains on unlabeled data. E PR S eR N =l Bl 1 I I (Check performance
* Finds hidden patterns or all I Predictive analytics in finance — predict trends L using metrics) J
o structures in data. ‘
o Used for clustering E Recommendation systems — suggest products = 3
and association. ° . 5. Deploy & Monitor
.'.‘ Market basket analysis — discover item patterns (Use in real-world and
Examples: L improve continuously)
o Customer segmentation Q Anomaly detection — detect unusual patterns
o Market basket analysis P X
e Anomaly detection @ House price prediction — estimate property prices 6B. REAL-WORLD APPLICATIONS OF DL
« Topic modeling e = f =
( ~ a Medical diagnosis — predict or classify diseases E Image recognition —recognize objects
| 2.3 REINFORCEMENT LEARNING g2,  Image classification - classify images
« Learns by interacting with an @ Demand forecasting — predict future demand «») Speech recognition - conven' speech to text
Bt 5 (o Qo -
« Gets rewards for correct actions E Credit scoring — evaluate credit risk Sk .
and penalties for wrong actions. Q Self-driving cars — perception, object detection
o Learns a strategy to maximize Medical image analysis — analyze X-rays, CT scans, MRIs
cumulative reward. % e VST '
Bamel [ ® Face recognition — security and authentication
amples: - :
o/ S divingicars (£  Video understanding — analyze video content
* Game playing (AlphaGo) ‘ @ Chatbots / Generative Al — generate human-like text
*' Robot control 4 Complex pattern recognition — learn hierarchical
* Recommendation systems M patterns in large unstructured data
& 8 =/

7. KEY TAKEAWAYS

.
‘ Cf ’ without being explicitly programmed.

.
to automatically learn complex pattems.
and Reinforcement Learning.

human life.

ML enables machines to learn from data and improve

DL is a powerful subset of ML that uses deep neural networks
o There are three main types of ML: Supervised, Unsupervised

o Together, ML and DL are transforming industries and improving

L, [N SUMMARY

( TOGETHER FOR A BETTER TOMORROW

;. ’
Q * More data + better algorithms

+ more computing power
= better Al systems.

o Al works for us, Augments us,

CC thinks with us.

. Together, ML and DL are
QW@ tansforming industries and
‘.‘ improving human life.

=

( DATA -

LEARNING -> PREDICTIONS -

INTELLIGENT SOLUTIONS -> A BRIGHTER FUTURE

pN—




CHAPTER 2

MACHINE INTELLIGENCE
AND ——

KNOWLEDGE REPRESENTATION

HUMAN MACHINE
INTELLIGENCE INTELLIGENCE
* Reasoning * Speed
¢ Learning * Accuracy
¢ Creativity + Consistency
¢ Emotion * Data Processing

* Consciousness * Automation

N P / e A\
COMPONENTS % Q- < (©)
OF INTELLIGENCE Q ‘ @ | et ‘ )

Knowledge Reasoning Learning Problem Solving Perception
AGENTS AND SEARCH IN Al
ENVIRONMENTS b4 4 >
~
START N
L
Sl _@ (p : @ Y | I
Uninformed Informed Pure Best-First
Search Search Heuristic Search (Greedy Search)
==, = — - = - - = - -3
L!EJ TYPES OF KNOWLEDGE KNOWLEDGE-BASED AGENTS

» Declarative Knowledge

* Procedural Knowledge L
KNOWLEDGE  Heuristic Knowledge
REPRESENTATION « Meta Knowledge




2.1 DEFINING INTELLIGENCE: 2.2 COMPONENTS OF INTELLIGENCE
HUMAN vs MACHINE P Perception * Senses and interprets the environment
‘ Human Intelligence Machine Intelligence @ * Eg, vision, speech, sensors
6;"3 Leami * Improves from experience/data
_Ea_ oarning * E.g., supervised, unsupervised,
reinforcement learning
o Uses experience, intuition o Processes information (" ) = o —
and emotions. using algorithms. CH APTER 2 Reasoning & * Analyses information to solve problems
o Learns fromenvironment, || » Fast, accurate and consistent, [ €] MACH | N E i Problem Solving | ¢ E.g, search, optimization, planning
o Handles ambiguity. o Learns from data.
o Creative and adaptive. « Scope for continuous Knowledge . * Organizes and stores knowledge
o Works in unstructured improvgment, INTELLIGENCE Representation | o E.g, facts, rules, relationships
iRt taliors o Works in structured and AND
unstructured environments. KNOWLEDGE Decision-Making | * Cho0ss thebesaconbsedongsl
[ Real-World 'Ex amples REPRESENTA'"ON * E.g, utillity, probability, reasoning
‘ Al in Healthcare Autonomous Vehicles Al'in Education ﬁ Ackits o How sluatins
[ ~—> 5 Adaptability :
| = From Real-World Information U  Eg, online leaming, transfer leaming
j @ to Intelligent Action = i 2
1 ) > &
* Analyses medicaimages |  Sensors perceive » Personalized learming Information - Knowledge _(). Creativity /Innovation | ® Generates mf’w |deaso‘rsolullon.sA
* Supports [ onment. | » gent tutoring Knowledge Base —» Representation * E.g, generative Al, design, creativity
o Assiststreatment | o Reahtime decisionmaking | o Adaptive content Reasoning / Inference - Decision
decisions | @ Safe navigation delivery Action
and adaptability L )
> = 1/ \\
v v v
2.4 SEARCH IN Al 2.5 KNOWLEDGE REPRESENTATION (KR) C. KNOWLEDGE-BASED AGENTS
A. Purpose: Represent knowledge in a formal way so that Inference

Searches without domain knowledge.
. Breadth-First Search (BFS)
. Depth-First Search (DFS)
. Uniform Cost Search (UCS)
. Depth-Limited Search (DLS)
. Iterative Deepening DFS (IDDFS)
. Bidirectional Search

Uninformed (Blind) Search

W oA WN e

. Informed (Heuristic) Search
Uses heuristic function h(n).
o Heuristic Function: h(n) — estimate of cost
from n to goal.
o Evaluation Functions:

machines can store, organize, reason with, and use it to

(Reasoning) Decision

solve problems and make decisions.
ASK
A. Knowledge Representation Structures (Query kB)
1. Propositional Logic - facts using logical symbols (P, Q, =, A, v)
2. Semantic Networks — graph-based representation
3. Knowledge Graphs - entities and relations in a graph ‘ Percepts Action
4. Ontologies - formal specification of a domain (from (to environment)
environment)
Examples ; IR

|| Propositonal Logic| SemanticNetwork  Knowledge Graph _Ontology

b (External World)
(University)

P Itis raining : ;
o g(n) - actual cost from start ton Q: The skyis cloudy m @ 2 :g&t?re; dfacts, .rufles, a):fomts, rls(e:;txons.
o h(n) - heuristic cost to goal [P=>Q envoledn | | | © ASK-. a n}e(g ;n or;n_a '0';. tf) k. IEd
o f(n)= g(n) +h(n) (A* Search) , @ L] . query ) 0 retrieve/inier nO\.N ge.
o Key Searches: Greedy Best-First Search, E o) @ : :)":::ﬁi;:gg:;’;x;:ﬂ:’iﬂ;ﬁw
A* Search isA : j
e Goal: Find optimal path/solution with @ @ @ ||| e Action: executelacuun in the environment.
minimum cost and effort. | | i| | & Cycle repeats with new percepts.
| == = ; —— J ¥
=3 = r
3. COMPARISON OF SEARCH METHODS 4. BENEFITS OF KR A CHALLENGES @ 6. EXAMPLE WALKTHROUGH
Feature u";:f:r:"'hed s:":m;‘!) o Enables reasoning and ®  Knowledge acquisition Scenario: Smart Irrigation Robot
repmme=e . . decision-making. is hard. & Percept: “Soil moisture is very low.”
e finowtede| — 0 - — t.“ = v Pr%mztes knowledge reuse @ Time-consuming and costy. '1(8 lLreforngEL_g s v
xploration ystematic euristic gui and sharing. . . Low soil moisture — Plants may require water.
| " — 1 e | ® Handling incomplete, 2. Plants may require water — Start irrigation.
| Evaluation function | - | fn) = g(n) + h(n) v Im?fgo::: :g:taenrz uncertain, and noisy 3 Whaok iswet s Siop nigation
Finds optimal solution | Yes (if conditions)  Yes (if h is admissible) giplainability knowledge. Steps:
Time oomplexlt'y H?gh | Lower (more efficient) o/ Helps inbuiing inteligent @ Scalability with very 1 TEfLL' Add."izl)il moisture is very low.”
Space complexity High Lower and adaptive systems. large KBs. § I; e.rse't‘;ce.s taa::@s ma{ (:equlre water.
. . . . vecision: Irrigation.
Exampls BFS,0FS,UCS, | GreatyBestfit, |/ Bridgesthegapbetveen || @ Ensuring knowledgeis | 3 pcrion' covte irgation
DLS, IDDFS A* Search human knowledge and consistent and up-to-date. | | i
\ machine understanding.

@ 7. KEY TAKEAWAYS

o Knowledge-based agents rely on explicit knowledge and reasoning. i : Zrou?osmons R To build intelligent agents that

o Organize, store and retrieve knowledge effectively. A oND perceive, reason, learn, and take
e Enable intelligent decision-making and problem solving. - - Implies (if ... then) effective actions to achieve goals
®  Support real-world applications (e.g., robotics, healthcare, education). ta(or 1) E::’amﬁggf (?("Bszn tids 6) in real-world environments.

m 8. COMMON NOTATIONS

OVERALL GOAL

KNOWLEDGE + REASONING + INTELLIGENTACTION - SMARTERAI - BETTER REAL-WORLD SOLUTIONS




HUMAN INTELLIGENCE

A

&

Human intelligence is the natural, biological
ability of humans to think, learn, reason, adapt,
and deal with complex and uncertain situations
using the brain’s neural structure.

@ NATURE

o Rooted in the brain's complex network
of neurons (~ 86 billion neurons).

« Influenced by physical and emotional
state of the body and environment.

&

STRENGTHS

o Creativity: Generates novel ideas and solutions.

o Emotions: Help in decision-making, social
interactions and building relationships.

* Moral Reasoning: Makes decisions influenced
by values, culture and personal beliefs.

« Adaptability: Adjusts effectively in diverse
environments, thinks critically and shifts
strategies in uncertainty.

9 LEARNING

¢ Dynamic learning using experience, intuition
and social interaction. Forms mental models
and applies reasoning to new situations.

A LIITATIONS

Performance drops with tiredness or overload.
Biases: Cogpnitive biases affect judgment.
Limited Memory: Information is forgotten.
Inconsistent Reasoning: Emotions or beliefs
may lead to inconsistent decisions.

@
:." EXAMPLE

o Adoctor diagnosing a rare disease relies on
intuition, experience and contextual reasoning.
They notice subtle symptoms not fully matched
in textbooks.

(ARTIFICIAL INTELLIGENCE)

MACHINE INTELLIGENCE

Machine intelligence (Al) is the ability of a machine or
computer system to perceive, learn, reason, solve problems,
make decisions, and adapt, performing tasks like learning,
problem-solving, reasoning, language understanding, and
perception.

o Works on algorithms, data and computing power.

 Not biological; emerges from software and hardware.

o Can be narrow (task-specific) or show generalization
through advanced learning algorithms. ]

|.|.I.I STRENGTHS

@ LEARNING | °

o Speed: Processes vast amounts of data at incredible
speeds.

o Accuracy: Performs tasks with high accuracy when
properly trained.

o Consistency: Does not get tired; performs tasks with
the same efficiency repeatedly.

« Automation of Repetitive Task: Increases efficiency
and reduces human error in routine processes.

Learns patterns from data.

Uses Machine Learning (ML), Deep Learning (DL).
Learns from large unstructured data using neural
networks.

Follows predefined rules for decision-making.

& LIMITATIONS

o Lack of Creativity: Cannot truly create original ideas.

« No Emotions: Lacks feelings, empathy and emotional
understanding.

« Dependency on Data: Relies on quality data; biased or
poor data leads to flawed results.

EXAMPLE

® An Al system analyzes millions of medical images to
detect lung cancer. It quickly highlights suspicious areas,
while the doctor interprets the results and makes the

B—"

EFINING INTELLIGENCE:
HUMAN vs MACHINE

@

“Intelligence is the ability to perceive, learn, reason, adapt,

and act purposefully in an environment to achieve goals effectively.”

'8 f NE N\
KEY DIFFERENCES AT A GLANCE W HOW THEY WORK TOGETHER IN ESSENCE
ASPECT HUMAN MACHINE 0 Machine intelligence is powerful,
INTELLIGENCE INTELLIGENCE . O precise, and tireless in specific tasks,
T St E R m but it thrives when paired with
Nature Biological Artificial (algorithmic) . = human intelligence to solve
P B ([ledes | LG | problems at a scale more
Source Brain & experience Data & computing | HUMAN MACHINE meaningful, ethical, and impactful
il INTELLIGENCE INTELLIGENCE than either could alone.
Strengths Creativity, emotions, | Speed, accuracy, Provides goals, Provides speed,
intuition, adaptability | consistency, efficiency ||  values, judgment accuracy and ‘ ‘ ‘Al is not about replacing humans,
" and creative insights. ~ data-driven outcomes. i
Learning From ex;g:rience, Fr:)m)data (ML, DL, BYRoEe N Z’;ﬁ:&?gf;:g’:::é%% htysnzzl-’so i
intuition & reasonini rules)
9 \ j problems at a scale and speed
Limitations | Tiredness, biases, No emotions, previously unimaginable.” , ,
limited memory data-dependent
Together, they create
Best Suited | Complex, ambiguous, | Data-intensive, 1 better decisions and outcomes. V' Use Al for efficiency. N
For value-driven decisions | repetitive, high-speed | + Use human intelligence for wisdom.
tasks  Together for a better future.
3 N > A J

HUMAN + Al -> GREATER POSSIBILITIES -> A BETTER TOMORROW ]




COMPONENTS OF INTELLIGENCE

Intelligence is not a single ability but a combination of multiple interconnected components working together.

Example: Choosing the safest route
in navigation considering distance,
traffic and time.

Example: An Al system adapting
to new data, user behaviour or
environmental conditions.

X
7 X E N7 ™\
5. DECISION-MAKING 6. ADAPTABILITY 7. CREATIVITY / INNOVATION
The ability to evaluate The ability to adjust to The ability to generate
alternatives and choose new situations, changes, new ideas, methods
the best action based on or unexpected conditions or solutions that are
goals, constraints or utility. to perform effectively. novel and useful.

Example: Designing a new product,
discovering patterns, or creating
original content.

Ve A
1 =) Ve N
4. KNOWLEDGE 1. PERCEPTION
REPRESENTATION
The ability to sense and
The ability to organize, interpret information
store and represent E £ from the environment
information, facts, rules using sensors or input
and relationships in data.
a structured way. 5 ;
g z Example: Detecting traffic lights,
Example: Storing medical These components enable recognizing voices, or reading
knowledge as rules (if-then), an entity (human or machine) text from an image.
ontologies, or semantic networks. to understand its environment, L 1
2 J learn from experience, make
- decisions and achieve s N
3. REASONING & goals effectively. 2. LEARNING
PROBLEM SOLVING The ability to improve
The abiiyits e performgnce over time
conclusions, infer by Iea;nmg from data,
relationships and solve experience or feedback.
problems to reach
a solution. Example: A self-driving car
learns from thousands of driving
Example: Diagnosing a disease experiences to handle new
by analyzing symptoms and situations better.
test results. \C 3
& -7 ®
7 =\ 7 iR
HOW THESE COMPONENTS WORK TOGETHER KEY TAKEAWAYS
Q Intelligence is a combination of multiple
components, not a single ability.
-# - -> @-» 0 These components function in a cycle
and support each other.
; ; p = 4 3 0 Strong intelligence systems balance
Perception Learning Reasoning&  Knowledge Decision-  Adaptability  Creativity / all components effectively.
Problem Solving Representation  Making ' Innovation @ Human intelligence excels in creativity,
Sensesthe  Leamsfrom  nderstands  Storesand  Choosesthe  Adjusts to Generates emotions and adaptability.
envionment  data/experience  andanalyzes  organizes  bestaction changes  newideas or @ Machine intelligence excels in speed.
information ~ information solutions accuracy, consistency and data handling.
° The goal is to design systems (or humans)
t J that integrate all components to achieve
Continuous feedback improves performance over time. mte"fgem ' go.al'd'mmd ol
° Continuous learning and feedback
PAS lead to better performance over time.

INTELLIGENCE IN ACTION - A SMARTER TOMORROW




1. WHAT IS AN AGENT?

2. AGENT-ENVIRONMENT |

NTERACTION

Q The agent's behaviour depends on its architecture and goals.
0 Different types of agents are suitable for different tasks.

V]

The environment can be fully or partially observable, deterministic or stochastic,
static or dynamic, single-agent or multi-agent.

Q The study of agents and environments forms the foundation of intelligent systems.
=,

An agent is an entity that perceives its (’;ee'rf:;t:) s
environment through sensors and acts @ » EENV'RSNMS:I
; 3 n|
upon it through actuators to achieve = ks th:e;ygter:t)go g
specific objectives. (Perceives & Acts) Actions
(Actuators) -
Examples: Robot, Self-driving car, Software program, o The agent senses (perceives) the state of the environment.
Game player, Industrial automation system. e Based on percepts and its program, it decides an action.
= J e The action affects the environment.
2 o This cycle continues to achieve the agent's objectives.
N\
(¢ I
3. COMPONENTS OF AN AGENT 4. TYPES OF AGENTS
e
. Acts only on current percept
5:“5‘?’3 & Gather information AGENTS AN D ::2:': elex using condition-action rules.
@ gnaﬁgav;en; from the environment. Example: Thermostat ‘
l E NVI RON M ENTS Maintains an internal state
@g Model-Based | (model) to handle partially
AgeikBroga | Deciies heneit lol Reflex Agent | observable environments.
o 2 7 Example: Robot vacuum cleaner
(Decision-Making / | action based on | afl|
heasciing) percepts and goals. Goal-Based Chooses actions to achieve
l Agent specific goals.
T Example: GPS navigation system
Actuators Execute actions In AI, an agent is an entity that perceives itsl . —
(AC', onthe in the environment. environment through sensors and acts upon it Chooses actions that maximize
environment) through actuators to achieve goals. I U‘""Y'Based expected utiity or satisfaction.
{ - .I Example: Portfolio management
system
Goals / Performance Measure Defines t(':‘r(i)‘leria Laariis Improves performance over time |
(What the agent wants to achieve) aor the agent A g by learning from experience.
i gent Example: Email spam filter ‘
. J L J
- N
5. EXAMPLES OF AGENTS AND ENVIRONMENTS 6. TYPES OF ENVIRONMENTS
Environment Type Description Examples |
Agent Environment Goal : -
Fully Observable ;f::;: Compels orton ook Chess, Board games ‘
g Roads, traffic, pedestrians, | Reach destination T = = |
Self-driving Car |5 2 . Agent has incomplete Self-driving car,
Q ‘ signs, weather safely, follow traffic rules ‘ Partially Observable i formation. Medical diagnosis
Sz Next state is completely Math problems,
f Industrial Robot | F2Ct0TY floor, objects, Assemble parts Deterministic | determined by current Crossevord puzzle
- o assembly parts accurately and quickly [ | state and action. ‘
Stoch: : < Weather prediction,
(Non-deterministic) 1 Next state is uncertain. Traffic
‘ Chess Program | Chess board, opponent Win the game | Environment does not b
== ‘ Static change while agent Crossword puzzle
Ra® Drone | Airspace, obstacles, weather Surveillance / Delivery / . \ :s:ili?;ent can change Self-driving car, ‘
% : ; Reach target location ‘ Dynamic | while agent decides. Stock market
g Finite or countable states, Robot navigation
Discrete ; ; '
@ Chatbit User queries, conversation | Provide helpful and Iacﬁmtns and ":"e' a""""' v
. ntinite or continuous aze solving,
context relevant responses Continuous | states actions of tnme  Tra fhic System
Single-agent ‘ g:‘%g:;:ﬁfm inthe Game, Traffic control
- J Multi-agent F_Multip!e agents interact N Soccer gan{e, i
L |_in the environment. Traffic system J)
( N R
7. KEY TAKEAWAYS 8. THE AGENT-ENVIRONMENT CYCLE
0 An agent perceives its environment through sensors and acts through actuators. b
1. Perceive W 2.Process / 4. Acton 5. Environment |

Environment >  Reason
(Sensors) J (Agent Program)
AN

3. Decsde
r}\uwdngtoﬁnals)

Environment
(Actuators)

Changes
(New State) J

=

\ S

Repeat continuously to achieve goals.

[

INTELLIGENT AGENTS FOR A SMARTER WORLD




1. UNINFORMED SEARCH ALGORITHMS

Jo

Characteristics:

* Use only problem definition (initial state, actions, goal test).
* Blind search - do not have any idea about distance to goal.
* May explore many nodes.

o Useful for small problems with uniform step cost.

Explore the search space without using any domain
knowledge or heuristic information.

2. INFORMED SEARCH ALGORITH

MS

Use additional knowledge (heuristic
search towards the goal.

function) to guide the

" Characteristics:

® Focus the search on more promising nodes.
* Generally more efficient than uninformed search.

® Use heuristic function h(n) to estimate the cost from node n to the goal.

* Heuristic must be admissible (never overestimates the true cost) for optimality.

J

Data stmcture Time Space [ 5 T
e el [ ‘ Optimal | Complexity | Complexty ||| Agortm | Saeton | pescrption comq F"‘*
|
Breadtl\»Fim Expand Queue Yes
shallowest Yes i 0O(bd) 0(bd) 2 Combines actual cost | Yes (if his | Yes (if hls
Search®BRS) | rogerrst | (PO | Humcest A% Search | o) =)+ bl g(n)aodheunstlc hi | admissil) | adrissibe) t): [ o)
Expand | | I ;
Depth-First Stack Uses iterative -
deepest No No o(b™) o™ terathe depering v (f his | Yes Gf his
Search (DFS LIFO] \4 = ° ! d
|Search OF) | rodeient | (LFO ‘ TOA* Search | Aok = glol#h0) :ﬁ:ig‘;""“"”“’ adnisie) | st | o) ‘ 0w
o DFS with Yes TS 3= — |
Depth-Limited Stack Y ;
Search 0L5) | [0 o | o) o) - g i ROFS e |10~ g » by | MeTanvbounded | Yes i s | Yes(ithis | oo | oo
L | | D:F"':;m & using recursion admissible) | admissible) | (
HeratveDespening| Repeated stick | e E | l ‘
Depthfit | DLSwith | (o) | YeS | Gfuniteos) | OO | 0%
| Search (IDDFS) | increasing limit| | B | Heuristic Function h(n) must be admissible (never overestimates the true cost) for optimality.
’ Expand node &,
Uniform Cost B Priority [ 1+1C*/ 1+1C*/
with lowest Yes Yes O(b ) | O(b ) 4
Search (UCS) path cost g(n) Queue | -
b= bvand\mgfaﬂor d= demhofshallmst goal, m = maximum depth, C'-nphmalcost € = minimum s(ep;; 4. BEST'FIRST SEARCH
> 2 (GREEDY SEARCH)
3. PURE HEURISTIC SEARCH \ N, A specific type of informed search
o - 1 ] that always expands the node that
Uses only the heuristic function h(n) SEARCH I N AI XZ7  looks best according to a heuristic
O to decide the next node to expand. function.
It%r;osrteas rtthe actual path cost from ! Characteristics:
Y o : O——*O—»O—»O—» o Similar to Pure Heuristic Search
Characteristics: (Greedy Best-First Search).
o Expands the node that appears START GOAL © Does not consider the actual path cost.
closest to the goal (according to h). (Iniial State) (Goal State) e Fast but not optimal.
* Does not consider the actual path cost. Search is the process of finding a sequence >
| Fastbut may not find the optimal path. of actions (a path) from an initial state to a Example: (i werks )
. 3 ! 1 !
— S T goal state in a state space. | 1. Start fromntal stte |
Algorithm | " - ion ‘ Complm Optimal | Complexit WW\ 3 T W A ol (8) using h(n). |
i A search algonthm explores the state space 2. Evaluate all successors |
Greedy | systematlcally to find a solution. (A:h=2,B:h=7). |
Best-First | f(n)=h(n) | No No | 0p™ | Oop™) L 3. Choose the node with
S| ‘ h= h=1 lowest h(n) (A).
1 | 4. Repeat until goal
J i isreached. i
(S 2o IR >
, % — 280
N\ X
@ 5. EXAMPLES OF AGENTS AND ENVIRONMENTS 5 TYPES OF ENVIRONMENTS
T 1] [ Envmumem'l’ype | Description [ Examples
Agent ‘ Environment Goal Example ‘ Fully Observable Agent has complete information | Chess, Board games
Roads, traffic, | Reach desti vehicle Jstoutbiesiale = - T :
ﬂ Self-driving Car s'gns. pik aihé[ i ﬁy fi"m” traffic rules navngamn ,,Piﬁdﬂmmei [ Agent has incompg ir\f?rmalim \ 'Snee'[’::‘;;’g:ggc:gm
T Roboti i Next state is completely determined Math problems,
r Industrial Robot Fmo%lf;’o:arhgmms. ﬁgﬁyp:n; quickly ma:u;:cat(unnjl:\'; Deterministic | by current state and action. ‘ Crossword puzzle
+ T - Stochastic Next state is uncertain. ‘ Weather prediction,
(Non-deterministic) Traffic
Q Chess Program | Chess board, opponent Win the game Chess Al (e.g., Stockfish) = Eriromert e ot changs T
Airspace, obstacles, . Surveillance / Delivery /ﬂ . ’ whii et Gecides ‘ :
ﬁ Drone ; v Y . fe Delivery drone Environment can change | " Seif-driving car,
weather kRe’a"’h target location - Dynamic | while agent decides. | Stock market
Discrete Finite or countable states, actions | Robot navigation,
@ Chatbot User queries, conversation | Provide helpful and Virtual assistant . | and time. | Control
context relevant responses (e.g., ChatGPT) Continuous Infinite or continuous states, actions | Maze solving,
| | ortime. | Traffic system
< Single-agent Only one agent in the environment. 1 Game, Traffic control
5 | Multiple agents interact Soccer game,
7. KEY TAKEAWAYS Mutt-agent in the environment. ‘ Traffic system
R T ),
° An agent perceives its environment through sensors and acts through actuators. h
. v ( Y 8. THE AGENT-ENVIRONMENT CYCLE
Q The agent’s behaviour depends on its architecture and goals. A
@  Different types of agents are suitable for different tasks. [ 1-Percee: | 2. Process / 3. Decide 4 mg,. 5. Environment
& s S . Environment Reason Action Changes
The environment can be fully or partially observable, deterministic or stochastic,
0 static or dynamic, single-agent or multi-agent. L (Sensars) (Agent Program) (Accordingto(ioals) (Acmm's) (New State)
@  The study of agents and forms the foundation of intelligent systems.
Repeat continuously to achieve goals.

SEARCH, THINK, SOLVE — TOWARDS INTELLIGENT SOLUTIONS
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UNINFORMED SEARCH ALGORITHMS
(BLIND SEARCH)

N

{

Uninformed search algorithms explore the state space without using any domain knowledge or heuristic
information. They rely only on the problem definition (initial state, actions, goal test, path cost) to find a solution.

1

1. WHAT IS UNINFORMED SEARCH?

Techniques that find a solution by exploring the state space
systematically without any idea about the distance to the goal.

[

TERMS

branching factor (maximum number of successors of any node)

N

\

Characteristics: d = depth of shallowest goal node
* Use only the problem definition. m = maximum depth of the search tree
* Explore the state space. . C* = optimal cost (minimum path cost of any solution)
¢ Blind search — no knowledge of goal location. ;
« May explore many nodes. C = cost of a solution
» Guarantee completeness/optimality for some algorithms. 0() = Asymptotic time or space complexity
= J
r B
2. COMPARISON OF UNINFORMED SEARCH ALGORITHMS
3 Data Structure S Time Space
Algorithm Strategy / Idea Used Complete? Optimal? Complexity Complexity
1. Breadth-First Explores nodes level by level Queue Yes Yes ‘
Search (BFS) giﬂ{‘)Odes at depth d before (FIFO) (fbisfinite) | (if unit step cost) o9 0(b4)
L oS > : !
. Explores as deep as possible No
2. Depth-First
enticiiy along a branch before Sk (may get stuck in No o(p™) o(p™)
Search (DFS) i (LIFO) nay g ‘
backtracking. infinite paths)
3. Depth-Limited DFS with a fixed depth limit L Stack Yes
Search (DLS) M & aman (ifL > d) No ot 0")
4. lterative Deepening P ks [
erforms DLS for limits Stack Yes \
Depth-| d d
(IDDFsF;m Foa 0, 1,2, ... until the goal is found. (LIFO) Yes (if unit step cost) 0(b9) 0(b9)
5. Uniform Cost Expands the node with the o Yes ‘ 14C* 14C*
Search (UCS) least path cost g(n). Priority Queue Yes (positive step cost) gpieTl Op1*C* /)
b = branching factor, d = depth of shallowest goal, m = maximum depth, L = depth limit, C* = optimal cost, € = minimum step cost
-V 3 N
3. EXAMPLE STATE SPACE TREE {:o:} 4. WHEN TO USE? .Ill 5. KEY TAKEAWAYS
o e BFS: Shallowest solution, shortest path Q Uninformed search does not use
(unit cost), complete. heuristic information.
tLLsee ;IOVLIEH the solution is likely to be near Q [B)F: is completle aln d optimal lfunit cost).
o o y FS uses very little memory but ma
. QFS: 4Uses very little memory, may be deep o not find a SO[Lyltion. W y
(infinite spaces). 3 ; _r
o o e 0 0 Use when memory is limited but known & DLS s complete only if the limit is
depth is acceptable. sufficient.
e DLS: Useful when a depth limit is known. Q IDDFS is complete and optimal (unit cost).
e o Prevents infinite search. & ucs finds the least cost solution when
BFS order (level order): ° IDDF$: Complete and optimal (unit cost). step costs are positive.
A BIDEJFCAG HEN ) Combines the advantages of BFS and DFS. || @) choice of algorithm depends on the
DFS order (left to right): e UCS: Use when path costs vary. Finds the problem requirements (completeness,
A, B,EF, C, G, H,D,I J (stops when goal is found) least cost solution. optimality, time and space).
DLS (L = 2): . A 2,
A B, E F C G, HD,I J (nodesonly up to depth 2) 3
ot 5 6. SUCCESS MEASURE GOAL OF SEARCH
0:A o R
1A B.D A soI‘utnon is found v.lhen a goal state is reached. i o actions (et
2ABEFDCHILJ Quality depends on: g
R e e o Optimality (lowest cost). from the initial state to a goal state
UCS (increasing path cost): o Completeness (finds a solution if one exists). that satisfies the goal test.
Expands nodes in order of increasing path cost. o Time and memory used.

EXPLORE —> SEARCH —> REACH THE GOAL — SOLVE PROBLEMS




INFORMED SEARCH ALGORITHMS _, - srrerse

+ Better Decisions
Use domain knowledge (heuristics) to guide the search towards the goal. « Efficient Solutions

1. WHAT IS INFORMED SEARCH? (mm\g;e) @ KEY CONCEPTS
Uses heuristic information h(n) to e g(n) : actual cost from start node to node n
estimate the cost from a nodg to the (path cost so far)
goal. Ex_plores th? most promising e h(n) : heuristic estimate of cost from node n to goal
nodes first, making search more e f(n) : evaluation function used to select the next node
efficient than uninformed search. . e Good heuristic: admissible and consistent
‘ 77N g ‘
Characteristics: Ll v (o TERMS
e Uses heu[;istic function h(n) to decide which node B =ifcmiting fcton PR aTba o skccesiny)
to expand next. =
o Explores toward the goal. (Goal State) d = depth of the shallowest goal node
o More efficient and faster than uninformed search. Siorad siaieh sathng 6ok m = maximum depth of the search tree
* Generally achieves better performance. domain knowledge in the form of C* = optimal cost (minimum path cost of any solution)
o The quality of heuristic determines the performance. a heuristic function to guide the h(n) = heuristic cost estimate from node n to goal
search towards;ﬁ the goarll:’making f(n) = evaluation function
it more efficient than 4 S A
uninformed (blind) search. 0() = asymptotic time or space complexity
) L
e N
sﬁr 2. A* SEARCH (A-STAR) > 3. IDA* SEARCH 4. RBFS
w_/ (ITERATIVE DEEPENING A*) (RECURSIVE BEST-FIRST SEARCH)
e Combines actual cost g(n) and heuristic cost h(n). By W » =
o Evaluation function: f?n))= a(n) +h(n) o o Memory-efficient version of A*. o Best-first search with limited memory using
o Expands the node with the lowest f(n). o Performs iterative deepening on f(n). backtracking.
o Complete and optimal with admissible and o Expands nodes with f(n) < threshold. e Expands the most promising node (lowest f).
consistent heuristic. « Complete and optimal with admissible * Keeps only the path from root to current node.
heuristic, but slower than A*. o Complete and optimal with admissible heuristic.
| Evaluation Functon | f(n) = g(n) h(:)etalls [ mspet | Detais [ ] Deaks A‘
I o 1 B;| = gi,, 7h7 — : ] — | Evaluation Function | f(n) = g(n) + h(n) | [ Evaluation Function | f(n) = g(n) + h(n)
Idea esﬁa.:-:;r;% F::)tst f:;tosa‘: (ﬁ; @ ‘ I .7Depth-ﬁrst search with increasing< \dea Best-first search with memory
| ! | Idea f-limit (iterative deepening) [ limit (recursive backtracking)
[Complowsl | Veelihisathasibicy || Tcomplet? | Vesinisadmissiy | || | Compete? Yes (if h is admissible)
| Opririaly | Yes (b adnisin) [ optimal? | Yes (if h is admissible) ||| | Optimal? Yes (f his admissible)
Time Complexity g:g:::in;sl (but less than memory [ Time Complexity | Exponential | Time Complexity | Exponential (like A*)
[ Space Complexity | Exponential (06 il Space Complexity - Linear (0(d)) ‘ ‘ Space Complexity | Linear (O(d)) |
= —— s . : Memory s limited but optimal Memory is limited, needs optimal
| BestUsedWhen | Optimal solution is required BestUsedWhen: || oo fhpiked BestUsedWhen | .\ o
\ J L . J
5. EXAMPLE: SIMPLE STATE SPACE COMPARISON OF INFORMED SEARCH ALGORTIHMS
| Property ‘ A* Search \ IDA* Search l RBFS
Heuristic Values h(n) | A* Search (f=g +h) | Usesg(n)? | Yes | Yes | Yes
| Node ~Jr hin) | Expansion order: | Uses h(n)? . Yes . Yes | Yes
S 4 | Complete ‘
A ‘, 3, | S>B->D-G ' (with admissible h) - Yes . Yes ‘ Yes
T 1 : s Optimal Yes Yes Yes
] eS| % ] ] >
e (MemoyUsage | Mg | Low(0@) | lowO@) |
D ‘ 1 Typical Use | When memory When memory When memory
G l 0 | | is sufficient | isvery limited is limited
(Gis the goal) | Time Complexity | 0(b*) | oY) | 0O(b’d)
Space Complexity o(b'é) ‘ 0(d) ‘ 0(d)
=3, _ J
)’v WHEN TO USE? Q KEY TAKEAWAYS Cd, SUCCESS MEASURE
©  A*: When optimal solution is required and memory is available. @  Informed search uses heuristic information. Asolution is found when a goal state is reached.
. s " e @ A*iscomplete and optimal with admissible heuristic. Quality depends on:
o IDA*: When memory is limited but optimal solution is needed. ° IDA* saves memory but may be slower. o Optimalty (lowest cost
® RBFS: When memory is limited and backtracking is preferred. @  RBFS uses very little memory and backtracking. o Completeness (finds a solution if one exists)
@ The better the heuristic, the better the performance. o Time and memory used
7N S

[ BETTER HEURISTICS — SMARTER SEARCH — OPTIMAL SOLUTIONS ]







